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Abstract

Background: Elevated Low density Lipoprotein (LDL) levels have
been traditionally associated with development of atherosclerotic
coronary artery disease (CAD). As LDL-cholesterol levels are not al-
ways raised in acute coronary syndrome (ACS) patients, sd-LDL is
an emerging risk factor. The purpose of the present study was tri-fold.
Firstly, it aimed to investigate the association of sd-LDL as a risk fac-
tor in ACS patients. Secondly, it aimed to correlate the presence of sd-
LDL with severity of coronary artery disease as determined by coro-
nary angiography. Lastly, it aimed to correlate the presence of sd-LDL
with short-term outcomes.

Methods: This was a prospective, hospital-based, cross-sectional,
case-control study conducted over a 1-year study duration. Patients
above the age of 18 years diagnosed with ACS within 24 h of admis-
sion were studied. Blood samples were collected after all patients had
undergone coronary angiography and sd-LDL levels were measured.

Results: ACS patients had significantly higher sd-LDL levels than
non-ACS patients (16.10 £+ 1.42 mg/dL vs. 12.67 = 0.71 mg/dL, P =
0.036). Males had significantly higher sd-LDL levels than females
(16.79 £ 1.55 mg/dl vs. 10.77 + 2.62 mg/dl, P=0.047). Patients with
non-left anterior descending coronary artery (LAD) involvement had
significantly higher sd-LDL levels compared to patients with LAD in-
volvement (21.92 + 3.55 mg/dL vs. 14.03 £+ 1.35 mg/dL, P = 0.007).

Conclusion: These results suggest that sd-LDL is a risk factor for the
development of ACS in an Indian population.
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Small density low-density lipoprotein

Introduction

Low-density lipoprotein (LDL) is the key driver of athero-
genesis [1]. It is the predominant cholesterol-carrier in the
bloodstream and is therefore the principal target for preven-
tion of coronary artery disease (CAD). This lipoprotein is a
composite of heterogeneous particles that differ in size, den-
sity, and chemical composition. It has two phenotypes: pattern
A consists primarily of large buoyant LDL (Ib-LDL) particles
and pattern B consists primarily of small dense LDL (sd-LDL)
particles. Sd-LDL particles are more atherogenic due to in-
creased arterial wall penetration, less binding affinity for the
LDL receptor, prolonged plasma half-life, and less oxidative
stress resistance compared to Ib-LDL [2]. However, LDL con-
centration is not always raised in patients with acute coronary
syndrome (ACS); thus, sd-LDL may be an emerging risk fac-
tor in ACS patients [3].

Data exploring the relationship of sd-LDL particles with
ACS in an Indian population are scarce. Hence, this study was
conducted to: 1) investigate the association of sd-LDL as a risk
factor in ACS patients; 2) correlate the presence of sd-LDL with
severity of CAD as determined by coronary angiography; and 3)
to correlate the presence of sd-LDL with short-term outcomes.

Materials and Methods

Study design

This was a prospective, hospital-based, cross-sectional, case-
control study conducted between August 2015 and August
2016. Consecutive patients who were admitted to either the
Emergency Department of Medicine or Cardiology Depart-
ment above the age of 18 years with a diagnosis of ACS within
24 h of admission (prior to taking first dose of statins) were en-
rolled in this study. Patients with chronic renal failure, liver cir-
rhosis, pregnancy, malignancy, prior statin therapy, or < 1-year
prior ACS were excluded from the study. Cases were defined
as patients admitted with a diagnosis of ACS that had fulfilled
the inclusion criteria. Controls were defined as age- and sex-
matched healthy individuals. The study enrolled 70 healthy
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controls and 75 cases. The study protocol was approved by
and conducted in compliance with the ethical standards of the
Institutional Ethics committee as with the Helsinki Declara-
tion. All patients provided written informed consent for study
participation prior to the commencement of the study.

Study definitions

ACS was defined as any group of clinical symptoms compat-
ible with acute myocardial ischemia covering the spectrum of
clinical conditions ranging from unstable angina (UA) to non-
ST-segment elevation myocardial infarction (NSTEMI) to ST-
segment elevation myocardial infarction (STEMI). Acute myo-
cardial infarction was diagnosed by detection of rise and/or fall
of cardiac biomarker values with at least one value above the
99th percentile above upper reference limit with at least one of
the following: 1) symptoms of ischemia; 2) new or presumed
new significant ST segment, T wave changes or new left bundle
branch block (LBBB); 3) development of pathological Q waves
on electrocardiography; 4) imaging evidence of new loss of vi-
able myocardium or new regional wall motion abnormality; or
5) identification of an intracoronary thrombus by angiography.
CAD was defined as stenosis of one or more coronary artery
branch with > 50% diameter luminal narrowing as observed on
coronary angiography. Patients were categorized according to
involvement or non-involvement of the left anterior descend-
ing coronary artery (LAD). UA was usually considered when
cardiac biomarkers were undetectable in the bloodstream hours
after initial onset of ischemic pain. It presents with one or more
of the following characteristics: 1) rest angina (usually lasting >
20 min); 2) new-onset (less than 2 months prior) severe angina;
and 3) a crescendo pattern of occurrence (increasing in intensity,
duration, frequency, or any combination of these factors.

Study procedure

Blood samples were obtained by venipuncture after the patient
had undergone coronary angiography. The serum samples were
separated and stored at -20 °C within 1 h of taking the sam-
ple. The method of sd-LDL and 1b-LDL isolation from serum
was based on a two-step procedure reported by Hirano et al in
2004 [4]. Precipitation reagent (0.1 mL) containing 150 U/mL
heparin sodium salt and 90 mM/L MgCl, was added to 0.1 mL
serum sample. After mixing, the sample was incubated at 37
°C for 10 min. Next, each sample was incubated in an ice bath
for 15 min and centrifuged at 15,000 rpm for 15 min at 4 °C.
The supernatant containing sd-LDL was carefully removed and
saved. The pellet containing 1b-LDL was dissolved in 0.1 M
sodium phosphate buffer containing 0.9% NaCl at pH 7.4. Ap-
propriate aliquots of LDL, sd-LDL, and Ib-LDL fraction were
used for analysis of their cholesterol and apoprotein B content.

Validation of sd-LDL assay

Sd-LDL assay in serum sample was performed with a com-
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mercially available kit (Randox Laboratories, Crumlin, UK) as
per kit insert. Validation of sd-LDL test procedure was carried
out by testing quality control materials of known concentra-
tion. The quality control data obtained were reproducible as
per reported value of sd-LDL concentration. Three levels of
control were used to observe precision and accuracy of the test
procedure as well as verification of the test procedure. Further,
Randox Laboratories has validated the test procedure by ultra-
centrifugation and clearance method of sd-LDL-C kit avail-
able in the market and observed good correlation.

Study outcomes

Study outcomes were major adverse cardiovascular events
(MACE), in-hospital, and 30-day mortality. MACE was de-
fined as a composite of cardiac death, cardiogenic shock, acute
left ventricular failure, recurrent myocardial infarction, hemo-
dynamically unstable arrhythmia, prolonged anginal pain, and
conditions necessitating immediate coronary intervention.

Data collection

Data such as age, gender, cardiovascular risk factors, cardiovas-
cular history, clinical presentation, affected lesions, and ongoing
medications were collected from patients at initial evaluation.

Statistical analysis

Continuous data are expressed as mean =+ standard error. Cate-
gorical data are expressed as numbers and percentages. Groups
were compared by Student’s t-test. Groups were also com-
pared by one-way analysis of variance and the significance
of mean difference between the groups was done by Tukey’s
honestly significant difference post-hoc test after ascertaining
normality by Shapiro-Wilk’s test and homogeneity of variance
by Levene’s test. A two-tailed P value < 0.05 was considered
statistically significant. All statistical analysis was done using
Statistical Package for Social Sciences (SPSS, Chicago, IL,
USA) program, version 17.

Results

Demographic characteristics of cases

The study comprised 75 cases and 70 age- and sex-matched
controls. The mean age of the cases was 52.02 + 1.16 years.
Almost half of the cases, i.e., 37 (49.3%), were below the age of
50 years. Males comprised 54 (72.0%) of the cases. Forty-five
(60.0%) cases had body mass index (BMI) > 24 kg/m?. Conven-
tional risk factors were present only in 48 (64.0%) cases. Of the
75 cases, 42 (56.0%) were smokers, 25 (33.3%) were hyperten-
sives, and 27 (36.0%) were diabetics. More than three-quarters
cases, i.e. 58 (77.3%), presented with STEMI. The angiographic
outcome was single-vessel disease in 41 (54.7%) patients, dou-
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Table 1. Demographic Characteristics of Cases

Characteristic z:lt=ie7n St)s
Age, years 52.02+1.16
<50 37 (49.3%)
50 - 60 23 (30.7%)
> 60 15 (20.0%)
Male 54 (72.0%)
Body mass index
<24 kg/m? 30 (40.0%)
> 24 kg/m? 45 (60.0%)
Conventional risk factors 48 (64.0%)
Smoker 42 (56.0%)
Hypertension 25 (33.3%)
Diabetes mellitus 27 (36.0%)
Family history of coronary artery disease 8 (10.7%)

Diagnosis
Non-ST-segment elevation myocardial infarction 17 (22.7%)
ST-segment elevation myocardial infarction 58 (77.3%)
Angiographic outcome
Single-vessel disease 41 (54.7%)
13 (17.3%)

21 (28.0%)

Double-vessel disease
Triple-vessel disease
Involvement of coronary artery
Left anterior descending coronary artery 59 (78.7%)

Non-left anterior descending coronary artery 16 (21.3%)

Values are expressed as mean = standard deviation or number (per-
cent).

ble-vessel disease in 13 (17.3%) patients, and triple-vessel dis-
ease in 21 (28.0%) patients. The involved artery was LAD in 59
(78.7%) cases and non-LAD in 16 (21.3%) cases. Demographic
characteristics of the cases are detailed in Table 1.

Sd-LDL levels of controls and cases

Sd-LDL levels were significantly higher in cases compared
to controls (16.10 £ 1.42 mg/dL vs. 12.67 £ 0.71 mg/dL, P =
0.036) as displayed in Figure 1.

Sd-LDL levels of cases

Sd-LDL levels decreased as age increased (< 50 years: 17.04
+ 2.47 mg/dL, 50 - 60 years: 16.84 + 2.67 mg/dL, > 60 years:
13.53 + 1.62 mg/dL). However this inverse relation was not
statistically significant. Males had significantly higher sd-LDL
levels than females (16.79 £ 1.55 mg/dL vs. 10.77+ 2.62 mg/
dL, P = 0.047). Smokers, hypertensives, and diabetics had
higher sd-LDL levels compared to non-smokers, normoten-
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Figure 1. Sd-LDL levels of controls and cases. sd-LDL: small density
low-density lipoprotein.

sives, and non-diabetics although not statistically significant.
STEMI patients had higher sd-LDL levels than NSTEMI pa-
tients. Angiographic outcome did not indicate any association
or display any trend with sd-LDL. Patients with involvement
of non-LAD had significantly higher sd-LDL levels compared
to patients with LAD involvement (21.92 £ 3.55 mg/dL vs.
14.03 £ 1.35 mg/dL, P=0.007). Sd-LDL levels of the cases are
elaborated in Table 2 and involvement of LAD and non-LAD
is illustrated in Figure 2.

Short-term outcomes of cases

MACE occurred in two (2.67%) patients. These patients suf-
fered from left ventricular failure and ventricular arrhythmia,
respectively. In-hospital mortality occurred in two (2.67%)
patients, whilst 30-day mortality was observed in none of the
patients. Short-term outcomes are summarized in Table 3.

Discussion

Several earlier studies have shed light on the association be-
tween sd-LDL particles and ACS. The present study conduct-
ed on an Indian population confirmed higher sd-LDL levels
in ACS patients (16.10 + 1.42 mg/dL) compared to healthy
controls (12.67 + 0.71 mg/dL). In line with these findings,
Emadzadeh et al [1] revealed higher sd-LDL levels for myo-
cardial infarction patients (51 mg/dL) and UA patients (46 mg/
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Table 2. Mean sd-LDL Levels (mg/dL) of Cases

Characteristic Patients (n = 75) P value
Age
<50 17.04 +£2.47 (n=37) 0.416
50 - 60 16.84 £2.67 (n=23)
> 60 13.53 +£1.62 (n=15)
Gender
Male 16.79 + 1.55 (n = 54) 0.047
Female 10.77 £2.62 (n=21)
Body mass index
<24 kg/m? 15.34 +1.66 (n =30) 0.634
> 24 kg/m? 16.84 £2.31 (n=45)
Conventional risk factors
Smokers 16.56 +2.14 (n=42) 0.770
Non-smokers 15.72 £1.92 (n = 33)
Hypertensives 17.05 £ 8.97 (n =25) 0.863
Normotensives 15.89 £ 1.64 (n = 50)
Diabetics 13.82+2.31 (n=27) 0.311
Non-diabetics 16.72 £ 1.69 (n =48)
Diagnosis
Non-ST-segment elevation myocardial infarction 15.03 £2.05(n=17) 0.674
ST-segment elevation myocardial infarction 16.52 + 1.81 (n=58)
Angiographic outcome
Single-vessel disease 16.08 £ 1.88 (n =41) 0.087

Double-vessel disease

Triple-vessel disease

12.83 £ 1.94 (n = 13)
22.33+3.71 (n=21)

Values are expressed as mean * standard deviation. sd-LDL: small density low-density lipoprotein.

dL) compared to healthy controls (13 mg/dL). Fukushima et
al [5] showed higher sd-LDL levels for ACS patients (30 + 14
mg/dL) compared to healthy controls (22 + 8 mg/dL). Wu et
al [6] observed higher sd-LDL levels for UA patients (male:
1.09 mmol/L and female: 1.03 mmol/L), STEMI patients
(male: 1.30 mmol/L and female: 1.17 mmol/L), and NSTEMI
patients (male: 1.44 mmol/L and female: 1.14 mmol/L) com-
pared to healthy controls (male: 0.72 mmol/L and female: 0.62
mmol/L). These findings are suggestive of sd-LDL as a risk
factor for ACS. However, ethnical variation, differing meth-
odology, and varying cut-off points should be taken into con-
sideration when attempting to compare precise sd-LDL levels
[7-9]. Additionally, Wu et al [6] also exposed a gender effect.
Sd-LDL levels were higher in males (0.71 + 0.24 mmol/L)
compared to females (0.63 £+ 0.22 mmol/L). This observation
is in agreement with our study which reported increased sd-
LDL levels in males (16.79 £+ 1.55 mg/dL) compared to fe-
males (10.77 + 2.62 mg/dL) indicative of greater male sus-
ceptibility to develop ACS. These values are all increasingly
high compared to sd-LDL levels of 8.5 + 3.9 mg/dL reported in
healthy controls belonging to an Indian population [10].

Few studies have proven the clinical significance of sd-
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LDL in the assessment of CAD risk by employing various
methods. Moon et al [11] reported higher fraction of sd-LDL
particles in CAD patients. Kwon et al [12] fortified this find-
ing and confirmed sd-LDL fraction to be an independent risk
factor for CAD. Koba et al [13] demonstrated the association
between high sd-LDL levels and CAD severity using Gensi-
ni scores. Goel et al [10] correlated sd-LDL levels and CAD
severity using the SYNTAX score. The unique contribution
observation of the present study is higher sd-LDL levels in
CAD patients with non-LAD involvement compared to LAD
involvement. This hints towards influence of sd-LDL levels on
vessel involvement.

Several earlier studies have demonstrated the relationship
between sd-LDL and CAD [14-18]. However, few others have
failed to do so. The disparity in study findings is attributable to
a few aspects. Small sample sizes with short follow-ups prove
insufficient to determine correlation [2]. Racial and ethnical
disparities influence clinical outcomes [13]. Different laborato-
ry procedures have been employed to separate LDL subclasses.
However, none of these have been established as a gold stand-
ard [19]. Furthermore, heparin may be administered to ACS pa-
tients. Heparin may disrupt the lipoprotein profiles of samples
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Figure 2. Comparison of sd-LDL levels according to involvement of
LAD and non-LAD coronary arteries. LAD: left anterior descending
coronary artery.

obtained 24 h following ACS [3]. Sd-LDL levels exhibit circa-
dian changes in both diabetic patients and controls. This find-
ing significantly impacts study findings as diabetics constitute
a considerable proportion of study populations. Lastly, possible
confounding factors may skew results [20].

Study limitations

The present study has a few limitations. Firstly, the sample
size was small. Secondly, confounding factors were not taken
into account. Thirdly, among earlier Indian studies [21-23], the
Indian Council of Medical Research-India Diabetes (ICMR-
INDIAB) Study [24] also reported low levels of high-density
lipoprotein (HDL). Hence, we did not aim to study this lipo-
protein parameter.

Conclusion

Higher sd-LDL levels in cases compared to controls suggest
that sd-LDL levels may serve as a potential risk factor for ACS.
Higher levels of sd-LDL levels observed in males compared to
females suggest that males may be more prone to develop ACS
than females. Higher levels of this lipoprotein subclass were
observed in patients with non-LAD involvement than patients
with LAD involvement. This shows that sd-LDL levels have
an effect on angiographic outcome (type of vessel involved),
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Table 3. Short-Term Outcomes of Cases

Characteristic Patients (n = 75)

Major adverse cardiovascular events

Cardiac death 2 (2.67%)
Cardiogenic shock 0 (0%)
Left ventricular failure 1 (1.33%)
Recurrent myocardial infraction 0 (0%)
Hemodynamically unstable arrhythmia 1 (1.33%)
Prolonged angina pain 0 (0%)
End outcomes
In-hospital mortality 2 (2.67%)
30-day mortality 0 (0%)

Values are expressed as humber (percent).

although its effect on other angiographic outcomes (number of
involved coronary vessels) is yet to be determined. Although
sd-LDL levels display a positive correlation with demographic
characteristics (age and BMI), diagnosis, and risk factors, fur-
ther studies are warranted to establish the significant correla-
tion between sd-LDL and these outcomes.
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