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Abstract: Background: Globally, dyslipidemia has been shown to be an independent predictor of
many cardiovascular and cerebrovascular events, which led to recent advocacy towards dyslipi-
demia prevention and control as a key risk factor and its prognostic significance to reduce the bur-
den of stroke and myocardial infarction (MI).

Aims: This study aimed to evaluate hyperlipidemia as a risk factor connected with stroke and
CVD. Moreover, having identified this risk factor, the study evaluates how hyperlipidemia has
been examined earlier and what can be done in the future.

Methods: All prospective studies concerning hyperlipidemia as risk factors for stroke and CVD
were identified by a search of PubMed/MEDLINE and EMBASE databases with keywords hyper-
lipidemia, risk factors, stroke, and cardiovascular disease.

Results: The constant positive association between the incidence of coronary heart disease and
cholesterol concentration of LDL is apparent in observational studies in different populations.
Thus, the reduction of LDL cholesterol in those populations, particularly with regard to initial
cholesterol concentrations, can reduce the risk of vascular diseases. However, the impact of using
lipid-lowering drugs, such as statins, has been demonstrated in several studies as an important fac-
tor in decreasing the mortality and morbidity rates of patients with stroke and CVD.

Conclusion: After reviewing all the research mentioned in this review, most studies confirmed that
hyperlipidemia is a risk factor for stroke and correlated in patients with CVD.

Cardiovascular Disease and

Keywords: Hyperlipidemia, stroke, cardiovascular disease, risk factors, dyslipidemia, cardiovascular and cerebrovascular

events.

1. INTRODUCTION

Dyslipidemia is defined as the abnormal levels of lipids
and lipoproteins in the blood. It is manifested as an elevation
in total cholesterol (TC), low-density lipoprotein cholesterol
(LDL-C), triglycerides (TG), and reduced high-density lipo-
protein cholesterol (HDL-C). Globally, it has been shown to
be an independent predictor of many cardiovascular and
cerebrovascular events, which led to recent advocacy to-
wards dyslipidemia prevention and control as a key risk fac-
tor and its prognostic significance to reduce the burden of
stroke and myocardial infarction (MI) [1, 2].

Myocardial infarction is the most common form of
chronic heart disease (CHD) and is the leading cause of
death, with over 15% deaths each year, and mainly prevalent
in males ofall age groups than females. In 2015, approxi-
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mately 7.4 million deaths were caused by CHD, and by the
year 2030, it is estimated that 23.6 million people will die
due to CHD. The age spectrum prevalence of MI extends
from 0.06% in men younger than 45 years of age to 2.46%
in those older than 75 years [3].

Stroke is the second leading cause of mortality and a ma-
jor cause of permanent disability, with 11.13% of total
deaths attributed to it. Its incidence weighs up to 0.2% of the
population yearly, with the death of one in six sufferers
within the first month of ischemic stroke and almost half the
survivors' being dependent on others due to disability [4, 5].

A pivotal mechanism of hyperlipidemia is atherosclero-
sis; this term encompasses both inflammatory and immuno-
logical responses. Early stages include endothelial dysfunc-
tion resulting from oxidative stress-driven by hyperlipi-
demia, smoking, diabetes mellitus, or hypertension, fol-
lowed by vascular oxidization of LDL, which accumulates
and activates scavenger receptors on macrophages resulting
in both their activation and ox-LDL uptake.
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Although about 90% of the risk factors are modifiable,
including dyslipidemia, diabetes mellitus, obesity, smoking,
psychosocial factors, hypertension, alcohol consumption, se-
dentary lifestyle, and a diet low in fruits and vegetables, in-
crements are evident in MI cases within developing coun-
tries in contrast to the declining rates of MI in industrialized
countries [3].

1.1. Aims

This study aimed to evaluate hyperlipidemia as a risk fac-
tor that is connected with stroke and CVD. Moreover, hav-
ing identified this risk factor, the study evaluates how hyper-
lipidemia has been examined earlier and what can be done
in the future.

2. METHODS

2.1. Design and Strategy

This review was guided by the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRIS-

Articles identified through five
electronic databases PubMed,
Embase, CINAHL, Scopus, and
ProQuest (n=1012)

Identification

MA) guidelines [6]. A three-step method was applied to clas-
sify the included studies: (1) a systematic search of electron-
ic databases, (2) a manual search of journal references, and
(3) meetings and discussions with content experts. Five elec-
tronic databases (PubMed, Embase, CINAHL, Scopus, and
ProQuest) were chosen and systematically searched for rele-
vant, full-text availability, and English-only studies from
each database's point of inception until December 18, 2019.

An initial search was carried on PubMed using three
main concepts derived from the aim: (“hyperlipidemia” OR
“stroke” OR “cardiovascular disease”) and (“hyperlipi-
demia” AND “risk factor”) and (“hyperlipidemia” AND
“risk factor” AND “stroke” OR “cardiovascular disease).
Booleans and truncation symbols were utilized and filters
such as “English” and “full-text” were applied. Using the eli-
gibility criteria, the titles and abstracts of the studies were
screened for relevance before full-text screening by two re-
viewers. Existing reviews were scanned for relevant studies
that may have been missed during the search. Any discrepan-
cies that arose were evaluated and discussed between the
two reviewers until a consensus was reached (Fig. 1).

Additional articles identified by other
sources (n=13)

y Articles removed after dublicate (n=520 )

Screening |

Articles screened (n=495)

Y

Y

Y
Eligibility
Full-text articles assessed for eligibility
(n=108)

,
¥
Articles included in this review (n=33)
Included

Fig. (1). Prisma flow chart (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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All randomized clinical trials concerning hyperlipidemia
as risk factors for stroke and CVD were identified by a
search of PubMed/MEDLINE and EMBASE databases with
keywords hyperlipidemia, risk factors, stroke, and cardiovas-
cular disease. The results included all prospective studies in-
volving patients with stroke and CVD risk factors and lipid
profile. Randomized controlled trials of CVD and stroke risk
factors published from 1995 to 2020 qualified for inclusion
criteria. The method of randomized distribution of partici-
pants to CVD or stroke risk factors or placebo was eligible.
Studies were included if they were published between 1995
and 2020, and if they afforded information on inclusion crite-
ria, the number of randomization methods, trial endpoints,
duration of follow-up, trial interventions, and methods of
analyses. Findings were independently derived and re-
viewed. Nonetheless, no additional analyses were conduct-
ed.

2.2. Data Extraction

With reference to the PRISMA checklist, the data of the
involved studies were extracted in two steps. Firstly, publica-
tion details (author's name, year of publication), country of
publication, study aim, methodology (sample characteristics,
study design, method of data collection), method of data
analysis, and findings were extracted. Secondly, discrepan-
cies that arose between the two reviewers were discussed un-
til a consensus was reached.

2.3. Critical Appraisal

The ten-item Critical Appraisal Skills Program (CASP)
tool [7] was used to appraise the involved studies that ful-
filled the eligibility criteria. The aspects evaluated included
(1) suitability and appropriateness of the study's objective
and aims, (2) rigor of the methodology, (3) appropriateness
of the study design, (4) sampling method, (5) data collec-
tion, (6) reflexivity of the researchers, (7) ethical concerns
and measures, (8) data analysis, (9) rigor of the findings, and
(10) research significance and implications.

These aspects of the involved studies were rated (“Yes”
= three points, “Can't tell” = two points, or “No” = one poin-
t), and each study was scored out of the maximum score of
30. The included studies had an average score of 28.6, with
scores ranging from 26 to 30, and interrater reliability of
97%. The included studies were of good quality and all the
studies were included regardless of their quality of appraisal
because the authors believe that a critical appraisal is to im-
prove the rigor of the synthesis and not to select rigorous
studies.

2.4. Ethical Considerations

This study was deemed IRB-exempt according to the Hu-
man Subjects Protection guidelines since data were openly
accessible and individual patients were not identifiable. The
review was based on ethical guidelines for carrying out re-
search studies. The references used in the research are well
cited and referenced to avoid plagiarism. The sources were
summarized to assure that the study is not just a duplicate of
the previous studies. Also, there were no incidences where
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individual ideas that may be biased were involved in the
study as for facts. This assures that the review is reliable,
therefore, crucial to the many targeted users.

3. RESULTS

In our review of the literature, we identified 20 studies
showing a relationship between dyslipidemia and cardiovas-
cular disease and stroke, while, in contrast, 13 studies
showed no relationship among them. The characteristics of
patients, number of risk factors, and findings are sum-
marized in Tables (1 and 2).

3.1. Total Cholesterol

A positive relationship between a high level of total
cholesterol and the development of stroke and CVD has
been demonstrated in several studies [8-13] Table (2). The
Heart Protection Study [8] showed that lowering cholesterol,
using daily 40 mg simvastatin, reduced the rates of myocar-
dial infarction, stroke, and revascularization by about one-
quarter among 20,536 UK adults (aged 40-80 years). Simi-
larly, the Anglo-Scandinavian Cardiac Outcomes Trial (AS-
COT-LLA) reported the outcome of the lipid-lowering ator-
vastatin (10 mg). Significant and important proportional de-
creases in cardiovascular events were observed in a group of
hypertensive patients who were, on average, at only mild car-
diovascular risk, given certain risk factors and who would
not have been considered conventionally dyslipidemic [9].

The Scandinavian Simvastatin Survival Study showed
that long-term simvastatin therapy was also effective and in-
creased the survival of CHD patients in 4444 cases [10],
while a long-term intervention with pravastatin in ischemic
disease (LIPID) study group found that drug treatment de-
creased mortality from coronary heart disease and overall
mortality of patients with a history of myocardial infarcts or
unstable angina. Patients had a wide range of initial choles-
terol levels, compared with outcomes of the placebo group,
and also the frequency of all pre-specified cardiovascular
events [13].

For patients with average cholesterol levels, the Choles-
terol and Recurrent Events (CARE) Trial conducted a study
of 4159 patients with myocardial infarcts, who had plasma
total cholesterol levels below 240 mg per deciliter (mean,
209) and low-density lipoprotein (LDL) cholesterol levels of
115 to 174 mg per deciliter (mean, 139) [11]. A 40 mg dose
of pravastatin per day or placebo was administered to those
patients, and the results showed that the benefit of choles-
terol-lowering therapy was extended to the majority of pa-
tients with coronary artery disease who had average choles-
terol levels [11].

The Stroke Prevention by Aggressive Reduction in
Cholesterol Levels (SPARCL) program investigators identi-
fied evidence that in patients with previous stroke or tran-
sient ischemic attack (TIA), and without established coro-
nary heart disease, 80 mg of atorvastatin per day reduced the
overall occurrence of strokes and cardiovascular events,
with only a slight increase in the rate of hemorrhagic stroke
[12].
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Table 1. Summary of the included studies showing no relation between lipid and MI and stroke.

Alloubani et al.

Author, Year

Name of the Study

Participants

Number of Risk Factors

Findings

Jia Zheng, Zhaoqing
Sun, Xingang Zhang,
Zhao Li, Xiaofan Guo,
Yanxia Xie, Yingxian
Sun & Ligiang Zheng,
2019

Non-traditional lipid profiles asso-
ciated with ischemic stroke not he-
morrhagic stroke in hypertensive
patients: Results from an 8.4 years
follow-up study

5099 hypertensive
patients, aged 35
or older and with-
out cardiovascular
disease, were se-
lected for the
prospective cohort
study.

Age, sex, ethnicity, BMI, current
smoking, current drinking, diabetes
mellitus, SBP, DBP, and anti-hyper-
tensive medications

The study concluded that HDL had no
association with ischemic stroke and
all lipid parameters were not associated
with hemorrhagic stroke incidence. In
addition to this, LDL/HDL was the
best predictor of IS; hence it may help
improve the efficacy of the individual-
ized patient stroke risk assessment, di-
agnosis, and guide clinical decisions.

Hindy, G., Engstrom,
G., Larsson, S. C., Tray-
lor, M., Markus, H. S.,
Melander, O., & Orho-
Melander, M.
(2018)

Role of Blood Lipids in the Devel-
opment of Ischemic Stroke and its
Subtypes Mendelian randomiza-
tion (MR)

185 genome-wide
lipids- SNPs

High LDL, High Triglyceride, Low
HDL

LDL cholesterol lowering is likely to
prevent large artery atherosclerosis but
may not prevent small artery occlusion
nor cardioembolic strokes. High-densi-

ty lipoprotein cholesterol elevation
may lead to benefits in small artery dis-
ease prevention. Finally, triglyc-
eride-lowering may not yield benefits
in ischemic stroke and its subtypes.

Mukesh Gupta
(2018)

Assessment of Lipid Profile of Pa-
tients with Acute Myocardial In-
farction: A Comparative Study

20 AMI patients
and 20 normal

Patients with acute myocardial in-
farction and who gave written
consent for participating in the

study. 2. Chest pain lasting more
than 20 minutes 3. Diagnostic ECG
changes with characteristic ECG al-
terations consisting of (in Absence
of LVH and LBBB) a. ST-elevation:
i. New ST elevation at J point in two
contiguous leads with the cut-points.
ii. >0.1mV in all leads other than
leads V2—-V3 where the following
cut points apply. >0.2 mV in men

>40 years; >0.25 mV in men

Risk of AMI is not prevented by a re-
duction in the mean serum cholesterol
levels.

Ravnskov, U., Dia-
mond, D. M., Hama, R.,
Hamazaki, T., Ham-
marskjold, B., Hynes,
N, ... & McCully, K. S.
(2016)

Lack of association or an inverse
association between low-densi-
ty-lipoprotein cholesterol and mor-
tality in the elderly: A systematic
review

68094 elderly peo-
ple

Low-density lipoprotein cholesterol
(LDL-C) as a risk factor for mortali-
ty in elderly people

High LDL-C is inversely associated
with mortality in most people over

60 years of age. This study provides
the rationale for a re-evaluation of

guidelines recommending pharmacolog-

ical reduction of LDL-C in the elderly
as a component of cardiovascular dis-

ease prevention strategies.

Domma, A. M., & Ga-
mal, M. A. (2015)

Association between Acute Myo-
cardial Infarction, Lipid Profile
and Smoking Habit

125 males and 49
females their ages
ranged from 30-90

years old.

Smoking, increased total blood
cholesterol and triglycerides concen-
tration.

No clear evidence that increased total
blood cholesterol and triglycerides con-
centration play an important role in the
development of myocardial infarction
in those patients included in this study.

Philip-Ephraim, E. E.,
Charidimou, A., & Ka-
jogbola, G. A. (2015)

Quadriparesis due to simultaneous
occurrence of hemorrhagic and is-
chemic stroke

100 patients with
an age range of 32
to 88 years.

There were 100 patients, comprising
50 acute ischemic stroke patients
and 50 non-stroke patients (control-
s) who had diseases other than
stroke, including peptic ulcer dis-
ease, bronchial asthma, uncontrolled
hypertension, and diabetes mellitus.

The predictive role of lipid profile as a
stroke risk factor remains controversial
as our study failed to demonstrate the
association between lipid profile and
stroke.

Lauren C Blekkenhorst
Richard L Prince Jo-
nathan M Hodgson Wai
H Lim Kun ZhuAman-
da Devine Peter L
Thompson Joshua R
Lewis
(2015)

Dietary saturated fat intake and
atherosclerotic vascular disease
mortality in older women: A
prospective cohort study

1469 women with
amean + SD age
of 75.2+£2.7y

Outcome data were serum lipids at
baseline and ASVD deaths over 10
y (13,649 person-years of fol-
low-up). Other risk factors for
ASVD were assessed and adjusted
for in multivariable analyses.

LDL cholesterol was not associated
with ASVD mortality in this cohort.

(Table 1) contd....
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Author, Year

Name of the Study

Participants

Number of Risk Factors

Findings

Bianca Nogrady
Medicine Today (2015)

Does lipid-lowering reduce stroke
risk in the elderly?
The nine-year French observation-
al study.

7484 men and wo-
men, with a mean
age of 73.9 years

Age, sex, body mass index, hyper-
tension, systolic blood pressure, and
high lipid.

The study found no association be-
tween lipid lowering drug use and re-
ductions in the risk of coronary heart
disease, even after accounting for age,
sex, body mass index, hypertension,
systolic blood pressure, and other fac-

tors.

Commenting on the study, Professor
Mark Nelson said that although the
finding was interesting, the lack of ef-
fect of lipid lowering on coronary
artery disease suggested the outcomes
were compromised by treatment alloca-
tion bias.

Lise Bathum, René De-

pont Christensen, Lars

Engers Pedersen, Palle

Lyngsie Pedersen, John

Larsen &Jorgen Nexoe
(2013)

Association of lipoprotein levels
with mortality in subjects aged 50
+ without previous diabetes or car-

diovascular disease: A popula-
tion-based register study

118160 subjects
aged 50 +

Compared with subjects with TC <
5 mmol/L, adjusted hazard ratios for
the group aged 60-70 years ranged
from 0.68 (95% confidence interval
(CI) 0.61-0.77) for TC 5-5.99
mmol/L to 0.67 (95% CI 0.59-0.75)
for TC 6—7.99 mmol/L and 1.02
(95% CI1 0.68-1.53) for TC > 8
mmol/L in males and from 0.57
(95% C1 0.48-0.67) to 0.59 (95% CI
0.50-0.68) and 1.02 (95% CI:
0.77-1.37) in females.

These associations indicate that high
lipoprotein levels do not seem to be
harmful in the general population.

Khan, H. A., Alhomida,
A. S., & Sobki, S. H.

Lipid profile of patients with acute
myocardial infarction and its corre-

67 AMI patients
and 25 patients

ST-elevated myocardial infarction,
non-ST-elevated myocardial infarc-

The findings suggest that reduction in
serum cholesterol does not prevent the

ductions in Cholesterol
and Homocysteine

(SEARCH) Collabora-
tive Group, 2010

vastatin daily in 12,064 survivors
of myocardial infarction: A dou-
ble-blind randomised trial.

18-80 years with a
history of myocar-
dial infarction.

dial infarction were eligible provid-
ed they match the following inclu-
sion criteria: either current statin use
or clear indication for this treatment
(and no clear indication for folic
acid); total cholesterol of at least 3-5
mmol/L if already on a statin or 4-5
mmol/L if not; and no clear con-
traindications to the study treatment-
s.11 Individuals with other predomi-
nant medical problems that could re-
duce compliance with long-term
study treatment were also excluded.

(2013) lation with systemic inflamma- with chest pain tion, chest pain. risk of AMI.
tion.
Study of the Effective- |Intensive lowering of LDL choles-[ 12,064 men and | Men and women aged 18—80 years | Participants assigned to 80mg simvas-
ness of Additional Re- |terol with 80 mg versus 20 mg sim-| ~ women aged with a history of previous myocar- [tatin vs. 20 mg results showed no appar-

ent differences in numbers of hemor-

rhagic strokes or deaths attributed to

vascular or non- causes despite the re-
duction in LDL.

Willey, J. Z., Xu, Q.,
Boden-Albala, B., Paik,
M. C., Moon, Y. P., Sac-
co, R. L., & Elkind, M.

S. (2009)

Lipid Profile Components and
Risk of Ischemic Stroke
The Northern Manhattan Study
(NOMAS)
Population-based prospective co-
hort study.

2940 patients

Stroke-free community residents.

Baseline lipid panel components were
not associated with increased stroke
risk in this cohort.

Prospective Studies Col-
laboration, 1995.

Cholesterol, diastolic blood pres-

sure, and stroke: 13,000 strokes in

450,000 people in 45 prospective
cohorts

450,000 individu-
als

Sex, diastolic blood pressure, histo-
ry of coronary disease, or ethnicity
(Asian or non-Asian).

Did not find an association between to-
tal cholesterol levels and stroke after
standardization forage except, perhaps,
in those under 45 years of age when
screened.
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Table 2. Summary of the included studies showing a relation between lipid and MI and stroke.

Alloubani et al.

Author, Year

Name of the Study

Participant

Number of Risk Factors

Findings

Heart Protection Study Collab-
orative Group, 2002

Heart Protection Study

20536
Age 40-80 years

Those without the diagnosed
coronary disease who had cere-
brovascular disease, or had pe-
ripheral artery disease, or had di-
abetes; men and, separately, wo-
men; those aged either under or

over 70 years at entry.

Allocation to 40 mg simvastatin dai-
ly reduced the rates of myocardial
infarction, stroke, and revasculariza-
tion by about one-quarter.

Sever et al., 2003

Anglo Scandinavian Cardi-
ac Outcomes Trial-Lipid
Lowering Arm (ASCOT-L-
LA)
Double-blind placebo-con-
trolled trial

19342 hypertensive pa-
tients (aged 40-79 years

All coronary events, all cardio-
vascular events, fatal and non-fa-
tal stroke, development of chron-
ic stable angina, heart failure,
and peripheral arterial disease.

The reductions in major cardiovas-
cular events with atorvastatin are
large, given the short follow-up
time.

Scandinavian Simvastatin Sur-
vival Study Group, 1994

Scandinavian Simvastatin
Survival Study (4S)
Randomized double-blind
trial

4444 patients

Effect of cholesterol-lowering
with simvastatin on mortality
and morbidity in patients with
coronary heart disease (CHD).

Long-term treatment with simvas-
tatin is safe and improves survival
in CHD patients.

Tonkin, Simes, Sharpe, &
Thomson, 1998

The Long-Term Interven-
tion with Pravastatin in Is-
chemic Disease (LIPID)
Randomized double-blind
trial

9014 patients who were
31 to 75 years of age

The patients had a history of my-
ocardial infarction or hospitaliza-
tion for unstable angina and ini-
tial plasma total cholesterol lev-
els of 155 to 271 mg per de-
ciliter.

Compared the effects of pravas-
tatin (40 mg daily) with those of

a placebo.

Pravastatin therapy reduced mortali-
ty from coronary heart disease and
overall mortality, as compared with
the rates in the placebo group, as
well as the incidence of all pre-spec-
ified cardiovascular events in pa-
tients with a history of myocardial
infarction or unstable angina who
had a broad range of initial choles-
terol levels.

Sacks et al., 1996

The Cholesterol and Recur-
rent Events (CARE) trial

4159 men and women
aged 21 to 75 enrolled in
80 centers around the US

and Canada

Secondary prevention of CHD
3 to 20 months post-MI
Total-C < 240; LDL-C between
115 and 174; Triglycerides <
350 mg/dL
S years Treatment with Pravas-
tatin 40 mg vs. placebo

The benefit of cholesterol-lowering
therapy extends to most patients
with coronary disease who have av-
erage cholesterol levels

SPARCL Investigators, 2006.

Stroke Prevention by Ag-
gressive Reduction in
Cholesterol Levels Study
(SPARCL)

4,731 participants, 40% fe-
male
Mean age 63 years

For subjects randomized to ator-
vastatin 80 mg/d or placebo
stroke or TIA without known
coronary heart disease

Atorvastatin 80 mg/d is similarly ef-
ficacious in preventing strokes and
other cardiovascular events, irre-
spective of baseline ischemic stroke

subtype.

Mitchell Elkind et al., 1990

Northern Manhattan Study
(NOMAS)

Over 4,400 people from
the community were en-
rolled

Stroke and stroke risk factors in
the Northern Manhattan commu-
nity in whites, blacks, and His-
panics living in the same com-
munity.

A population-based incidence
and case-control study.

The study has already made great
advances in the understanding, pre-
vention, and treatment of stroke.
Caribbean Hispanics from the
Northern Manhattan community
had strokes at a younger age than
blacks and whites. There was also a
higher rate of stroke-related death
in Caribbean Hispanic and black pa-

tients than in white patients.

Blackburn, Keys, Simonson, et
al. 1984

Lipid Research Clinics
Coronary Primary Preven-
tion Trial
(LRC-CPPT): A multicen-
ter, randomized, dou-

3,806 asymptomatic mid-
dle-aged men were en-
rolled with primary hyper-

cholesterolemia

Tested the efficacy of choles-

terol lowering in reducing the

risk of coronary heart disease
(CHD)

Reducing total cholesterol by lower-
ing LDL-C levels can diminish the
incidence of CHD morbidity and
mortality in men at high risk for
CHD because of raised LDL-C lev-

els.

ble-blind study

(Table 2) contd....
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Author, Year Name of the Study Participant Number of Risk Factors Findings
Hennekens, Sacks, Tonkin, et |Additive Benefits of Pravas-|73 900 patient-years of ob-| Secondary prevention with pra- [ More widespread and appropriate
al., 2004 tatin and Aspirin to De- servation vastatin sodium and aspirin (40 | combined use of statins and aspirin

crease Risks of Cardiovas-

cular Disease Randomized

and Observational Compari-

sons of Secondary Preven-

tion Trials and Their Meta--
analyses

mg/d) decreases cardiovascular
disease risks

in secondary prevention of cardio-
vascular disease will avoid large
numbers of premature deaths.

Prospective Studies Collabora-
tion, 1995

Cholesterol, diastolic blood
pressure, and stroke:
13,000 strokes in 450,000
people in 45 prospective co-
horts

Review of 45 prospective

observational cohorts in-

volving 450,000 individu-

als with 5-30 years of fol-
low-up

The relations of blood choles-
terol and diastolic blood pres-
sure with subsequent stroke
rates were examined.

After standardization for age, there
was no association between blood
cholesterol and stroke except, per-
haps, in those under 45 years of age
when screened. However, because
the types of strokes were not central-
ly available, lack of any overall rela-
tion might conceal a positive associ-
ation with ischemic stroke together
with a negative association with he-
morrhagic stroke.

Zinat Nadia Hatmi, Nasrin
Jalilian, and Ali Pakravan,
2019

The Relationship Between
Premature Myocardial In-
farction with TC/HDL-C
Ratio Subgroups in a Multi-
ple Risk Factor Model

1222 MI cases of both wo-
men and men. Cases in-
cluded 523 newly diag-
nosed MI patients under
55 years. Whereas con-
trols included 699 newly

diagnosed cases of MI

whose ages were above 55

years

CAD risk factors of cases and
controls included: smoking, fam-
ily history of premature CAD,
fasting blood sugar, cholesterol
and Triglyceride, HDL, LDL,
and hypertension.

The study concluded that reduction
of the level of TC/HDL-C ratio
from low risk to a very low risk cat-
egory, will diminish the risk of MI
by about 8% in patients under 55
years of age. Therefore, the study
suggests that aggressive treatment
interventions aiming towards lower-
ing TC/HDL-C ratio could be a cru-
cial clinical implication

Amit V. Khera, Olga V. Dem-
ler, Steven J. Adelman, Heidi
L. Collins, Robert J. Glynn,
Paul M Ridker, Daniel J. Rad-
er, and Samia Mora, 2018.

Cholesterol Efflux Capaci-

ty, HDL Particle Number,

and Incident Cardiovascu-
lar Events

17,802 asymptomatic indi-
viduals with normal LDL
cholesterol but increased
C-reactive protein levels,
314 cases of CVD were
compared to age and sex
matched controls

Risk factors include age, race,
treatment group (placebo or ro-
suvastatin), systolic blood pres-
sure, smoking status, body-mass
index, fasting glucose, log-trans-

formed triglycerides, LDL
cholesterol level, and family his-
tory of premature CAD.

For both baseline and on statin anal-
yses, HDL particle number was the
strongest inverse predictor among
four HDL-related biomarkers,
whereas cholesterol efflux capacity
was associated with CVD in individ-
uals on potent statin therapy but not
at baseline.

Michael V. Holmes, Iona Y.
Millwood, Christiana Kartsona-
ki, Michael R. Hill, Derrick A.
Bennett, Ruth Boxall, Yu Guo,

Xin Xu, Zheng Bian, Ruying

Hu, Robin G. Walters, Junshi

Chen, Mika Ala-Korpela,
Sarah Parish, Robert J. Clarke,

Richard Peto, Rory Collins,

Liming Li, Zhengming Chen
and on behalf of the China Ka-

doorie Biobank Collaborative

Group, 2018.

Lipids, Lipoproteins, and
Metabolites and Risk of
Myocardial Infarction and
Stroke

4,662 common control sub-
jects aged between 30 to
79.

Age, sex, smoking, SBP, BMI,
type 2 diabetes, and total choles-
terol/HDL-C ratio.

Positive association between MI,
IS, and Very low-, intermediate-,
and low-density lipoprotein parti-
cles were concluded. High-density
lipoprotein (HDL) particles were
found to be inversely associated
with MI.

Mee Kyoung Kim, Kyungdo
Han, Hun-Sung Kim, Yong-

Cholesterol variability and
the risk of mortality, myo-

Study population consist-
ed of 3,656,648 subjects

BMI, smoking, alcohol con-
sumption, DM, Blood pressure,

Cholesterol variability is an impor-
tant risk factor and predictor for MI

Moon Park, Hyuk-Sang Kwon,| cardial infarction, and with no history of MI or | regular exercise, dyslipidemia and stroke.
Kun-Ho Yoon, Seung-Hwan |stroke: A nationwide popu- stroke
Lee, 2017. lation-based study
(Table 2) contd....
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Author, Year Name of the Study Participant Number of Risk Factors Findings
Emanuele Di Angelantonio, Lipid-Related Markers 165,544 Age, sex, smoking status, histo- [ In a study of individuals without

Pei Gao, Lisa Pennells,,
Stephen Kaptoge, Muriel Cas-
lake, Alexander Thompson,
Adam S. Butterworth, Nadeem
Sarwar, David Wormser, and
Danish Saleheen, Christie M.
Ballantyne, Bruce M. Psaty, Jo-
han Sundstrom, Paul M Ridk-
er, Dorothea Nagel, Richard F.
Gillum,Ian Ford, Pierre
Ducimetiere, Stefan Kiechl,
Wolfgang Koenig, Robin P. F.
Dullaart, Gerd Assmann,
Ralph B. D'Agostino Sr, Gilles
R. Dagenais, Jackie A. Coop-
er, Daan Kromhout, Altan
Onat, Robert W. Tipping,
Agustin Gomez-de-la-Camara,
Annika Rosengren, Susan E.
Sutherland, John Gallacher, F.
Gerry R. Fowkes,Edoardo
Casiglia, Albert Hofman,
Veikko Salomaa, Elizabeth
Barrett-Connor, Robert Clarke,
Eric Brunner, J. Wouter Juke-
ma, Leon A. Simons, Manjin-
der Sandhu, Nicholas J. Ware-
ham, Kay-Tee Khaw, Jussi
Kauhanen, Jukka T. Salonen,
William J. Howard, Berge G.
Nordestgaard, Angela M.
Wood, Simon G. Thompson,
S. Matthijs Boekholdt, Naveed
Sattar, Chris Packard, Vilmun-
dur Gudnason, and John Da-
nesh, 2012

Prediction

and Cardiovascular Disease

line CVD in 37 prospec-
tive cohorts

participants without base-

ry of diabetes, and systolic
blood

pressure, total cholesterol,
HDL-C,

assayed triglyceride, apolipopro-

tein B and A-I, lipoprotein(a), or

lipoprotein-associated phospholi-

pase A2

known CVD, the enrollment of
lipid related markers information
such as apolipoprotein B and A-I,
lipoprotein(a), or lipoproteinassoci-
ated phospholipase A2 mass to risk
scores containing conventional lipid
markers of total cholesterol and
HDL-C,

led to a slight improvement in CVD
prediction

Canoui-Poitrine F, Luc G,
Bard J.-M, Ferrieres J, Yarnell
J., Arveiler D., Morange P.
Kee F., Evans A., Amouyel P.,
Ducimetiere P., Empana J.-P.

Relative Contribution of
Lipids and Apolipoprotein
to Incident Coronary Heart

Disease and Ischemic
Stroke: The PRIME Study

9,711 men aged 50-59
years, free of CHD and
stroke at baseline

Age, systolic blood pressure, an-

tihypertensive treatment, current

smoking status, body mass in-
dex and diabetes

Total-C, HDL-C, LDL-C, non-
HDL-C, Triglycerides, Apo Al and
Apo B100, their ratios and Lp(a)
are significantly predictive of future
CHD, weak predictors, if anything,
of ischemic stroke over 10 year peri-
od.

Salim Yusuf,, D.Phil., Eva
Lonn, Prem Pais, Jackie
Bosch, Patricio Lopez-Jaramil-
lo, Jun Zhu, Denis Xavier, Al-
varo Avezum, Lawrence A.
Leiter, Leopoldo S. Piegas,
Alexander Parkhomenko,
Matyas Keltai, 2016.

Blood-Pressure and Choles-
terol Lowering in Persons

without Cardiovascular Dis-

case

12,705 participants at inter-
mediate risk who did not
have cardiovascular dis-
ease. The study included
men 55 years of age or old-
er and women 65 years of
age or older

The trial included age with at
least one additional risk factor
besides it, female sex, smoking,
BMI, waist to hip ratio, low

HDL, impaired glucose toler-
ance, early DM, family history
of coronary heart disease, early
renal dysfunction, family histo-
ry of premature CHD, BP, race
or ethnic group and medication
used.

found to be associated with a signifi-

did not have cardiovascular disease.

The combination of rosuvastatin
(10 mg per day), candesartan (16
mg per day), and hydrochlorothi-
azide (12.5 mg per day) produced
greater LDL reduction and was

cantly lower rate of cardiovascular
events than dual placebo among in-
dividuals at intermediate risk who

(Table 2) contd....
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Author, Year Name of the Study Participant Number of Risk Factors Findings

Raffaele De Caterina, Marco [Cholesterol-Lowering Inter-| 266,973 patients, with a [Age, patient history of MI, inclu-| Cholesterol lowering therapy is

Scarano, RosaMaria Marfisi, ventions and Stroke cumulative exposure of | sion of patients with diabetes |found to be linked with a significant
Giuseppe Lucisano, Francesco |Insights From a Meta-Anal-| 946,582 person-years, | mellitus, heart failure, and base- |reduction of stroke (total and non-fa-
Palma, Alfonso Tatasciore and | ysis of Randomized Con- | with the total number of | line levels of TC, triglycerides, |tal strokes), whereas no intervention

Roberto Marchioli, 2010. trolled Trials trials testing the effective- and HDL-C. was associated with a reduction of
ness of cholesterol lower- fatal stroke. This appears to be true
ing interventions and for both statin and non-statin choles-

stroke being 82 . terol-lowering interventions, with

statins being the most effective,
there appears to be a proportionality

between the reduction of choles-
terol (mostly LDL-C) and the reduc-
tion of total stroke, with an approxi-
mation of 0.8% reduction in TC for
a 1.0% reduction of the relative risk

of stroke.

Heart Protection Study Collab- | Effects on 11-year mortali- | 20 536 men and women The group assigned 20mg simvas-
orative Group, 2016 ty and morbidity of lower- | aged about 40-80 years at tatin achieved an average LDL re-
ing LDL cholesterol with | high risk of vascular and duction by 1.0 mmol/L, which was
simvastatin for about 5 non-vascular outcomes proportional to a 23% reduction in
years in 20,536 high-risk in- cardiovascular events with signifi-

dividuals: a randomised cant divergence each year, pro-
controlled trial longed LDL-lowering statin treat-

ment results in a significant reduc-
tion in vascular events and benefit
persists for at least 5 years wich sup-
port prompt initiation and long term
statin treatment.

Study of the Effectiveness of | Intensive lowering of LDL | 12,064 men and women | Men and women aged 18-80 [Participants assigned 80mg simvas-
Additional Reductions in | cholesterol with 80 mg ver-| aged 18—80 years with a | years with a history of previous | tatin had a 6% (SE 3-5%) reduction
Cholesterol and Homocysteine |sus 20 mg simvastatin daily| history of myocardial in- |myocardial infarction were eligi-| in major vascular events with a fur-

(SEARCH) Collaborative  |in 12,064 survivors of myo- farction. ble provided they match the fol- [ther 0-35 mmol/L reduction in LDL
Group, 2010 cardial infarction: A dou- lowing inclusion criteria: either [ cholesterol compared to those allo-
ble-blind randomised trial. current statin use or clear indica- cated to 20mg

tion for this treatment (and no
clear indication for folic acid);
total cholesterol of at least 3-5
mmol/L if already on a statin or
4-5 mmol/L if not; and no clear
contraindications to the study
treatments. 11 individuals with
other predominant medical
problems that could reduce com-
pliance with long-term study
treatment were also excluded.

Jeffrey S. Berger, Aileen P. | Lipid and Lipoprotein Bio- [ 82,591 postmenopausal | Women who made the inclusion The study concluded that
McGinn, Barbara V. Howard, | markers and the Risk of Is-| women aged between criteria provided informed  [IDL,VLDL and triglyceride were as-
Lewis Kuller, JoAnn E. Man- |chemic Stroke in Postmeno- 50-79 years. consent to be a part of the study | sociated with ischemic stroke. Th-
son, Jim Otvos, J. David Curb, pausal Women. and were 50—79 years of age at | ese results support the AHA guide-

Charles B. Eaton, Robert C. baseline, postmenopausal, had lines that state triglycerides as
Kaplan, John K. Lynch, Daniel no medical conditions associat- stroke risk factors.

M. Rosenbaum, and Sylvia ed with a predicted survival of

Wassertheil-Smoller, 2012 <3 years

(Table 2) contd....
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Xiaojuan Liu, Ling Yan, The associations of lipids | 42 005 participants (25 | Three lipid ratios were comput- [In men, TC/HDL-C was the most im-

Fuzhong Xue, 2018.

and lipid ratios with stroke: [989 men and 16 016 wom-| ed: TC/HDL-C, TG/HDL-C, |[portant predictor of ischemic and to-
A prospective cohort study |en) were enrolled aged be-
tween 20-80 years.

and LDL-C/HDL-C, all of  |tal stroke, whereas TG was the most
which have at least once been re-| reliable in predicting ischemic and
ported as a predictor of cardio- | total stroke in women. These two
vascular risk in the literature, |lipid indexes may serve as potential
Systolic blood pressure (SBP) [targets for stroke prevention and are
and diastolic blood pressure of important prognostic value.
(DBP), BMI, history or current
cigarette smoking, alcohol con-
sumption status, family history
of CVD, history of hyperten-
sion, Type 2 diabetes mellitus
and information on the use of
lipid-lowering drugs.

Some observational studies have found no association be-
tween lower TC levels and increased risk of hemorrhagic
stroke and myocardial infarction Table (1). Similarly, no cor-
relation was identified between total cholesterol and stroke,
following standardization forage, except perhaps, for those
under 45 years of age who were screened [14]. In a compari-
son of the mean TC levels and HDL levels in 20 patients of
an AMI group and 20 patients in a control group, a reduc-
tion in the mean serum cholesterol levels did not prevent the
incidence of AMI, although serum HDL and elevated HS-
CRP were highly predisposed to an AMI for high-risk indivi-
duals [15].

3.2. Low-density Lipoprotein (LDL)

In the identified studies, 20 provided detailed results for
LDL cholesterol [8-14, 16-28]. In most observational studies
(but not all), there was an association between reduced
LDL- C levels and decreased ischemic stroke and CVD risk
[8-13, 23-28]. The Lipid Research Clinics Coronary Primary
Prevention Trial (LRC-CPPT) demonstrated that reducing to-
tal cholesterol by lowering LDL-C levels decreased CHD
morbidity and mortality in people who were highly vulner-
able to CHD because of rising LDL-C rates [23].

A systematic review and meta-analysis of all ran-
domized trials that tested statin drugs (published before Au-
gust 2003) were performed [29]. Each 10% reduction in
LDL-C was estimated to reduce the risk of all strokes by
15.6% and carotid IMT by 0.73% per year [29].

In the Heart Protection Study (HPS), the long-term effi-
cacy and safety of lowering LDL cholesterol with statins
were assessed. The study found that a more extended LDL-
lowering statin therapy produced a larger total decrease in
vascular accidents, even after research therapy with HPS
ended; the results remained unchanged for at least five
years, without any proof of emerging hazards. Such results
provide further evidence for the timely initiation and long-
term continuity of statin therapy. The 20 mg simvastatin
community achieved an average LDL reduction of 1.0
mmol/L, which is equivalent to a 23% decrease in cardiovas-
cular events with significant differences each year, and ex-
tended LDL-lowering statin therapy resulted in a significant
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decline in cardiac accidents and ongoing gain for at least
five years, with timely initiation and long-term statin thera-
py [28]. Furthermore, a meta-analysis was performed, which
included 81,700 patients, among which 41,979 were treated
with PSCKO9 inhibitors. A total of 1319 cases of myocardial
infarctions were registered in the treatment group as com-
pared to 1608 in controls, resulting in a reduction of the inci-
dence of myocardial infarction by 19% and stroke by 25%,
by using PCSK9 inhibitors [30].

3.3. High-density Lipoprotein (HDL)

An analysis from the JUPITER trial (Justification for the
Use of Statins in Prevention: an Intervention Trial Evaluat-
ing Rosuvastatin) with 17,802 asymptomatic patients was
linked to controls (balanced in age and sex), with an average
LDL cholesterol, and with elevated C-reactive protein rates,
for 314 CVD cases. The results showed that for both base-
line and statin studies, the HDL particle number was the best
reverse indicator of four HDL biomarkers, relative to choles-
terol efflux capability in CVD in people undergoing effi-
cient, but not baseline, statin therapy [31].

The Framingham Heart Study identified an inverse rela-
tionship between high-density lipoprotein cholesterol (HDL-
C) levels and the incidence of CVD [32], while in a system-
atic review and meta-analysis of 119 clinical trials that in-
cluded 35,760 participants, 17 trials reported that the use of
niacin as a monotherapy was associated with a reduction in
some cardiovascular events [33].

3.4. Triglycerides

In a systematic review and meta-regression analysis of
40 randomized controlled trials (RCTs) of lipid- modifying
drugs, with cardiovascular events as an outcome, and with a
total enrollment of 200,593 patients, it was found that
changes in triglyceride levels indicate cardiovascular events
in RCTs. In primary prevention populations, this relation-
ship was significant, but not in secondary prevention popula-
tions [34]. Triglyceride was the most reliable in predicting is-
chemic and total stroke in women according to a prospective
cohort study on a total of 42,005 participants [35].



Relationship between Hyperlipidemia

In a second study, the lipid and lipoprotein biomarkers
were investigated as predictors of ischemic stroke among
82,591 postmenopausal women aged between 50-79 years.
The ischemic stroke event was significantly associated with
postmenopausal women with a profile of lipid and lipopro-
tein biomarkers: baseline, triglycerides, VLDL, and IDL par-
ticle amount [36].

Patients with type 2 diabetes were at higher risk of car-
diovascular disease (CVD), in part, owing to hypertriglyc-
eridemia and low high-density lipoprotein cholesterol. It is
unknown whether

adding the triglyceride-lowering treatment fenofibrate
therapy to statins reduces the risk of cardiovascular disease
(CVD) in study participants with dyslipidemia (defined as
triglyceride levels greater than 204 mg/dL and high-density
lipoprotein cholesterol levels less than 34 mg/Dl) [37]. It has
been found that the combination of fenofibrate and omega-3
fatty acids significantly decreased triglycerides by 41% in
patients with hypertriglyceridemia [38]. The synergetic ef-
fect between fenofibrate and simvastatin is effective, and
well-tolerated therapies improve the TG and HDLC profile
in high-risk patients with mixed dyslipidemia [39].

3.5. Non-traditional Lipid (TC/HDL-C, Very Low-Densi-
ty Lipoprotein, Intermediate Density Lipoprotein)

In some studies, after adjusting for confounders, the
TC/HDL-C ratio showed a significant association with the
risk of ischemic and total stroke and MI [35, 40]. A study of
1222 MI cases of both women and men, including 523 new-
ly diagnosed MI patients under 55 years, and 699 newly di-
agnosed cases of MI whose age was above 55 years as con-
trol, concluded that a change in the TC/HDL-C ratio from
low risk to very low risk would reduce the risk of MI by
around 8% in patients under 55 years of age. This study thus
indicated that aggressive treatment strategies targeted at re-
ducing the TC/HDL-C ratio could be crucial to physician
participation [40].

4. DISCUSSION

This study aimed to evaluate hyperlipidemia as a cardio-
vascular and stroke risk factor. Dyslipidemias is character-
ized by lipid circulatory disorders, including high levels of
low-density lipoprotein cholesterol (LDL-C), elevated trig-
lycerides, high levels of total cholesterol (TC), and low lev-
els of high-density lipoprotein cholesterol (HDL-C) [41].
Dyslipidemia is conventionally considered to play an essen-
tial role in the pathogenesis of cardiovascular diseases and
stroke [42-44]. The plasma levels of total cholesterol and
low-density lipoprotein (LDL) cholesterol are important risk
factors for coronary heart disease [45].

LDL carries about 60—70% serum cholesterol [46] and
transports the liver's cholesterol to the peripheral tissues. A
high level of LDL-C is harmful because it can build up to ini-
tiate the formation of atherosclerotic plaques on the arterial
walls [47]. Large randomized trials have shown that lower-
ing LDL cholesterol with 3-hydroxy-3-methylglutaryl-coen-
zyme A (HMG-CoA) reductase inhibitors (“statins”) re-
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duces coronary mortality and morbidity in some high-risk pa-
tients.

The Scandinavian Simvastatin Survival Study and other
randomized trials of cholesterol-lowering therapy involved
people with pre-existing cardiac disease and excluded older
people, so that they mainly involved middle-aged men and
excluded women because women tend to develop cardiovas-
cular diseases at an older age than men.

The results of the Heart Protection Study showed that
lowering LDL cholesterol with statins produced a significant
reduction in the incidence of major vascular events among a
much wider range of high-risk individuals than had previous-
ly been shown to benefit from such treatment. In particular,
it demonstrated significant benefits not only for those who
were already known to have coronary artery disease but also
for those who had not been diagnosed with coronary artery
disease, peripheral artery disease, or diabetes (for which
there has previously been little direct evidence of benefit), ir-
respective of the concentration of lipids in the blood when
treatment was started [8].

Since hypertension makes an important contribution to
the general cardiovascular risk, the use of statins in hyperten-
sive patients should be considered. The lipid-lowering arm
of ASCOT's findings showed that in hypertensive patients,
who on average were at moderate risk of developing cardio-
vascular events, cholesterol-lowering with atorvastatin 10
mg conferred a 36% reduction in fatal CHD and non-fatal
myocardial infarction compared with the placebo [9]. This
study showed the benefits of statin treatment in addition to
those of good blood-pressure control.

Although total cholesterol is a significant risk factor for
coronary heart disease, the relationship between plasma
cholesterol and coronary events appears to be stronger if lev-
els are elevated rather than at average values [45]. However,
the CARE trial showed that the benefit achieved by lower-
ing the LDL cholesterol levels of patients who have hyperc-
holesterolemia could be extended to the more typical pa-
tients with coronary disease, who have an average LDL
cholesterol level [11].

Treatment with 3-hydroxy-3-methylglutaryl coenzyme
A reductase inhibitors (statins) decreases the risk of stroke
among patients with a history of stroke or TIA. The effect of
intensive lipid-lowering therapy with atorvastatin compared
with placebo among patients with prior stroke or transient is-
chemic attack (TTA) was evaluated by the SPARCL trial.
Treatment with 80 mg of atorvastatin per day decreased the
risk of stroke, major coronary events, and revascularization
in patients with a recent stroke or TIA [12]. These results by
the SPARCL trial were consistent with the hypothesis that re-
duction in LDL cholesterol levels reduces the risk of recur-
rent stroke. The results of the SPARCL study contrasted
with those of the Heart Protection Study (HPS), which
found no reduction in the risk of stroke among patients with
prior cerebrovascular disease, due to a greater reduction in
LDL cholesterol in the SPARCL study than in the HPS
study (56 mg per deciliter (1.4 mmol per liter) vs. 39 mg per
deciliter (1.0 mmol per liter)) [8, 12].
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The results of several studies have been consistent with
the idea that increased LDL cholesterol is an important fac-
tor in the pathogenesis of CHD [10, 48]. These studies pro-
vided evidence for a beneficial effect of statin-forms, such
as simvastatin, on fatal plus non-fatal cerebrovascular events
[10]. In addition, the risk of myocardial infarction or stroke
is significantly reduced by lowering cholesterol levels with
pravastatin in patients with a broad range of initial choles-
terol levels, and a history of myocardial infarction or unsta-
ble angina reduces the risk of death from CHD, cardiovascu-
lar disease, and all causes combined [13].

The results of the LIPID study extended the findings of
the Scandinavian Simvastatin Survival Study, which showed
that treatment benefited from CHD mortality and overall
mortality among patients with CHD, who had a mean choles-
terol level of 261 mg per deciliter (6.7 mmol per liter) at
study entry [10]. In contrast, the LIPID results show similar
benefits in patients with a mean cholesterol level of about 44
mg per deciliter (1.1 mmol per liter), which is lower than
that reported in the Scandinavian study [13].

Most of the studies reviewed did not record non-fatal
strokes. All the findings relate mainly to stroke mortality;
thus, the results for less severe strokes may have been differ-
ent. Although some studies included patients with previous
strokes, the numbers affected would be small, particularly in
the middle ages [14]. The LRC-CPPT demonstrated that
treatment of asymptomatic middle-aged men with primary
hypercholesterolemia with cholestyramine resin reduces the
incidence of CHD. This result is in line with those of previ-
ous cholesterol-lowering clinical trials, which showed a gen-
eral trend of efficacy for selected endpoints of CHD [23].
The Heart Protection Study (HPS) assessed the long-term ef-
ficacy and safety of lowering LDL cholesterol with statins
and reported cause-specific mortality and major morbidity
during in-trial and post-trial periods [28].

Proprotein Convertase Subtilisin/Kexin 9 (PCSK9) is a
circulating protease that binds to the low-density lipoprotein
(LDL) receptor, resulting in intracellular degradation that re-
duces receptor activity and promotes higher levels of serum
LDLc [30, 49]. Clinical trials have shown that PCSK9 inhibi-
tors reduce the incidence of myocardial infarction and
stroke, which is in agreement with the effect of this new
drug [30, 50-54].

A combined analysis of prospective observational
studies of cholesterol, blood pressure, and stroke showed no
independent association between baseline blood total choles-
terol and stroke risk across the entire range of total choles-
terol values studied [14]. HDL may have several potentially
important antiatherosclerotic, anti-inflammatory, antithrom-
botic, and endothelial protective effects [47, 55]. HDL-C hy-
potheses, related to their functions and role, led to a growing
interest in drugs that increase HDL-C levels, like niacin, as
potential interventions to reduce the risk of CVD [47]. HDL
particle number is the strongest HDL-related biomarker of
residual risk in participants treated with potent statin therapy
[31]. In addition to effectively reducing LDL-C, statins are
also able to increase HDL-C by 6-14.7% [56].
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Although more effective cholesterol-lowering drugs
achieved large reductions in blood cholesterol and in CHD,
no significant difference in stroke mortality was observed in
some studies. This can be explained by the substantial
heterogeneity of the study population, design, endpoint defi-
nition, or maybe due to missing data on type-specific
strokes, insufficient adjustment for potential medical con-
founders, and different stroke subtypes being differently re-
lated to total cholesterol [14, 35]. Hence, a positive associa-
tion with occlusive stroke might be offset by a negative asso-
ciation with hemorrhagic stroke. There is some evidence for
this hypothesis [10, 18, 57]; although the total cholesterol
levels required for any substantial increase in hemorrhagic
stroke may be very low, there is a negative association [14].

The inflammatory process is a vital component of cardio-
vascular disease pathogenesis; therefore, the risk of such dis-
eases can not be prevented by lowering the level of choles-
terol and lipoprotein in the exclusion of other inflammatory
markers, such as c-reactive protein [15]. Accordingly, we
could explain the results in some studies by the absence of
association between the lipid profile and the development of
stroke and MI [58, 59].

Recently, new research has expanded our understanding
of the role of inflammation in myocardial infarction (MI), is-
chemic stroke (IS), and intracerebral hemorrhage (ICH)
[60]. Therefore, several studies have looked at the associa-
tions between inflammatory marker levels and their predic-
tive ability for cardiovascular diseases and stroke [61, 62].
By providing a full analysis of lipoprotein, lipid and several
circulating metabolites with the interactions of MI, IS, and
ICH events may add a useful predictive risk factor value for
these diseases. The research study [24] found a positive asso-
ciation between MI, IS, and Very low-, intermediate-, and
low-density lipoprotein particles, whereas high-density lipo-
protein (HDL) particles were found to be inversely associat-
ed with ML

High triglyceride levels are also associated with the risk
of cardiovascular disease and were predictive of cardiovascu-
lar events in randomized controlled trials (RCTs) of lipid-
modifying drugs [34]. The findings from large cohort
studies have added to the growing evidence that serum lipid
and lipid ratio parameters are associated with the risk of
stroke. When estimated as continuous variables, higher lev-
els of TG, TC/HDL-C, and TG/HDL-C in men and TG in
women were associated with an increased risk of ischemic
and total stroke [35].

Non-traditional lipids abnormalities may play a larger
role in the risk of ischemic stroke than traditional lipids. In a
prospective evaluation of lipid and lipoprotein biomarkers as-
sociated with incident ischemic stroke, baseline levels of trig-
lycerides were a significant biomarker among postmeno-
pausal women. Other biomarkers at baseline, including
VLDL triglyceride, VLDL particle number, VLDL size,
LDL particle number, IDL particle number, HDL choles-
terol, HDL size, and the total cholesterol/HDL-C ratio, were
also associated with future ischemic stroke [36].
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The TC/HDL-C ratio has been identified as one of the
most feasible and robust predictors of future cardiovascular
events [63-65]. Hypertriglyceridemia has recently emerged
as one of the most effective therapeutic targets [66]. Fibrates
are TG lowering drugs, reducing the risk of major cardiovas-
cular events predominantly by the prevention of coronary
events; they also might have a role in individuals at high risk
of cardiovascular events and those with combined dyslipi-
demia [67]. A synergic effect of fibrates, such as omega-3
fatty acids combined with fenofibrate, in patients with hyper-
triglyceridemia had a positive impact on decreasing triglyc-
eride levels in addition to non-traditional lipids, such as the
triglycerides/HDL cholesterol ratio [38].

In statin therapy, even high doses could not adequately
correct elevated triglycerides (TG) and low high-density lipo-
protein-cholesterol (HDL-C) levels; the association of the
two commonly called atherogenic dyslipidemia still con-
ferred patients with a residual CVD risk [39]. Adding a trig-
lyceride-lowering treatment to statins reduces the risk of car-
diovascular disease (CVD). The extended follow-up of AC-
CORD-lipid participants confirmed the original neutral ef-
fect of fenofibrate in the overall study cohort; continued ob-
servation of heterogeneity of baseline lipids therapy
suggests that fenofibrate therapy may reduce CVD in pa-
tients with hypertriglyceridemia diabetes and low-density
lipoprotein cholesterol [37, 68]. Besides, coadministration of
fenofibrate and simvastatin is an effective and well-tolerated
therapy to improve the TG and HDLC profiles in high-risk
patients with mixed dyslipidemia [39].

CONCLUSION

A solid link of hyperlipidemia, especially LDL-C with
CVD and stroke, indicating the importance of lowering
LDL-C in patients that are considered intermediate to high
risk for CVD with statin and a combination of therapeutic
medications, has been shown. Moreover, identifying which
factors are most important to residual risk to develop stroke
and CVD is essential to reduce the mortality and morbidity
among populations. The current review revealed some areas
that need additional studies and generated several queries
that need further analysis. In particular, the results from the
current review recommend conducting a meta-analysis for
randomized clinical trials.
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