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Abstract Serum small dense low-density lipoprotein
(sd-LDL) concentrations were measured in patients with
angiographically defined coronary artery disease (CAD)
and compared to concentrations in healthy subjects. Five
hundred and seventy patients with stable CAD were divi-
ded into CAD— and CAD+- based on angiography. Patients
in whom stenosis was <50 % in diameter were classified as
having a ‘normal’ angiogram (CAD-), otherwise the
patients were allocated to the CAD+ group. The CAD+
group was further subcategorized into single-, double- and
triple-vessel disease (VD). Serum sd-LDL concentrations
were significantly lower in controls compared with
CAD+ and CAD-— patients (P < 0.001). Moreover,
CAD+ patients had higher concentrations of sd-LDL than
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CAD-— patients (P < 0.01). sd-LDL levels were not sig-
nificantly associated with severity of CAD defined by the
number of stenosed coronary arteries (P = 0.245). All
participants were also categorized into subgroups with or
without metabolic syndrome. Subjects with metabolic
syndrome had higher levels of sd-LDL than subjects
without metabolic syndrome (P < 0.01). Multiple linear
regressions showed that in CAD patients, triacylglycerol,
total-cholesterol, body mass index, and waist circumfer-
ences were the most important determinants of serum
sd-LDL concentrations. We found that sd-LDL levels were
significantly higher in patients presenting with symptoms
of CAD. Moreover, patients with significant stenosis of
their coronary arteries (>50 % stenosis) had higher levels
of sd-LDL compared to patients without significant lesions.

Keywords Small dense low-density lipoprotein -
Coronary artery disease - Severity - Metabolic syndrome -
Angiography

Abbreviations
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ANOVA One-way analysis of variance
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CVD Cardiovascular disease
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hs-CRP High sensitive C-reactive protein
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Sd-LDL Small-dense low-density lipoprotein

SPECT Single photon emission computed
tomography

SVD Single vessel disease
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Introduction

A high serum low-density lipoprotein cholesterol (LDL-C)
is a well established risk factor for cardiovascular disease
(CVD) [1]. However, the qualitative features of LDL par-
ticles also appear to play an important role in the devel-
opment of CVD as a novel risk factor, particularly the size
spectrum of LDL-C particles and the predominance of
small dense LDL (sd-LDL) particles. Several studies have
investigated the possible role of sd-LDL in the pathogen-
esis of CVD and most have reported a positive association
between the sd-LDL levels and the presence and severity of
CVD [2-6].

It has been previously reported that the mean LDL
particle size is smaller in those patients with proven cor-
onary artery disease (CAD) based on angiography than for
healthy controls; the authors observed that after multiple
regression analysis the presence of high levels of sd-LDL
was a significant and independent risk factor for CAD [2].
Moreover, it has been reported that men with an LDL
particle size <25.6 nm had a significantly higher (2.2-fold
increase) in the 5-year rate of ischemic heart disease
compared with those men having an LDL particle size
>25.6 nm [6] and hence it has been proposed that the
presence of high concentrations of sd-LDL particles is a
potent risk factor for CVD [3]. Previous studies have
reported that there is a linear correlation between the
sd-LDL concentrations and the risk of development of
cardiovascular events [4, 5]. It has also been demonstrated
that in healthy middle-age individuals the predominance of
sd-LDL particles is associated with increased proinflam-
matory activation of peripheral mononuclear cells [7].
There is also evidence that sd-LDL is associated with the
metabolic syndrome [8, 9]. In the present study, we aimed
to evaluate the association between sd-LDL concentrations
and severity of atherosclerosis defined by number of ste-
nosed vessels in Persian population and also to assess the
relationship between sd-LDL concentrations and several
components of the metabolic syndrome.

Methods
Study Population

The study participants were selected from those subjects
who underwent coronary angiography in the Quem Hos-
pital, Mashhad in the north-eastern region of Iran. Angi-
ography was principally indicated for stable angina, in
patients who were positive for at least one objective test of
myocardial ischemia including: exercise stress test, dobu-
tamine stress echocardiography, and thallium SPECT
(single photon emission computed tomography). The
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exclusion criteria for the study were as follows; oral con-
traceptives or hormone replacement therapy, pregnancy,
prior history of coronary angioplasty or coronary artery
bypass graft, having overt clinical features of infection or
chronic inflammatory disease, and all subjects were nega-
tive for viral markers of hepatitis and anti-HIV antibody.
Moreover, patients with myocardial infarction within the
previous 3 months, renal, hepatic or malignant diseases
were excluded. Finally, 570 patients fulfilled the inclusion
criteria and blood samples were collected from all of them
prior to the procedure. These patients included those with a
primary diagnosis of CAD and included diabetic patients.
Patients who were diagnosed with CAD were treated with a
statin, and those who were diagnosed as diabetic were
treated with anti-diabetic drugs. No subjects in the control
group were treated with statins, whilst 22.6 and 32.4 % of
patients in CAD— and CAD+ group were previously
treated with statins respectively.

Coronary angiograms were performed using routine
procedures using a femoral approach on patients who were
fasted prior to the procedure. Analysis of the angiograms
was performed offline by a specialist cardiologist. The
presence of one or more stenoses >50 % in diameter of at
least one major coronary artery (left main, right coronary
artery, left anterior descending, circumflex) was considered
evidence of significant CAD [10]. Patients in whom ste-
nosis was <50 % in diameter were categorized as having a
‘normal’ angiogram (CAD—). The CAD+ patients were
sub-classified according to the number of significantly
affected stenotic vessels into: single-vessel (n = 114),
double-vessel (n = 123), and triple-vessel (n = 174) dis-
ease groups. One-hundred and nine healthy volunteers
were also recruited as a normal control group. The control
group comprised subjects who had never experienced any
symptom nor had any signs of CVD. These subjects had no
other apparent major disease. Information on smoking,
drug use and family history of CAD was obtained via a
questionnaire. The study protocol was approved by the
Ethics Committee of Mashhad University of Medical Sci-
ences (MUMS) and written informed consent was obtained
from each participant.

Definition of Metabolic Syndrome

The American Heart Association/National Heart, Lung and
Blood Institute (AHA/NHLBI) guideline was used to cat-
egorize subjects into metabolic syndrome-positive and
metabolic syndrome-negative subgroups [11]. Metabolic
syndrome was defined as the co-occurrence of at least three
of the following five metabolic abnormalities: (1) elevated
serum fasting glucose (=100 mg/dl) or use of medication
for hyperglycemia; (2) elevated serum triacylglycerols
(=150 mg/dl); (3) reduced serum high density lipoprotein-
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cholesterol (HDL-C) (<40 mg/dl in males and <50 mg/dl
in females); (4) elevated systolic (=130 mmHg) or dia-
stolic (=85 mmHg) blood pressure or use of medication for
hypertension; and (5) elevated waist circumference
(>102 cm in males and >88 cm in females).

Anthropometric and Other Measurements

Anthropometric parameters including weight, height, and
body mass index (BMI) were measured in all subjects.
Weight was measured with the subjects dressed in light
clothing after an overnight fasting using a standard scale.
BMI was calculated as weight (in kg) divided by height
squared (in square meters). Blood pressure was measured
twice while the patients were seated and rested, using a
standard mercury sphygmomanometer. The systolic blood
pressure was defined as the appearance of the first sound
(Korotkoff phase 1), and the diastolic blood pressure was
defined as the disappearance of the sound (Korotkoff phase
5) during deflation of the cuff.

Blood Sampling and Biochemical Analysis

Blood samples were taken from each patient for analysis
prior to the procedure. Following venipuncture, blood
samples were collected into Vacutainer® tubes and cen-
trifuged at 15,000g for 15 min at 4 °C. After separation,
aliquots of serum were frozen at —80 °C until analysis. A
full fasted lipid profile comprising total-cholesterol, tria-
cylglycerols, HDL-C and LDL-C were determined for each
subject. Serum lipid and fasting blood glucose (FBG)
concentrations were measured enzymatically with the use
of commercial kits using a BT-3000 autoanalyzer (Bio-
technica, Rome, Italy). High sensitive C-reactive protein
(hs-CRP) was measured by a PEG-enhanced immunotur-
bidimetry method with an Alcyon® analyzer (ABBOTT,
Chicago, IL, USA).

Determination of Serum sd-LDL Levels

Serum sd-LDL concentrations were determined using a
method previously described in detail by Hirano et al. [12].
Briefly, a precipitation reagent (150 U/ml heparin-sodium
salt and 90 mmol/l MgCl,) was added to 0.5 ml of serum
sample, mixed and incubated for 10 min at 37 °C. The
samples were placed in an ice bath and allowed to stand for
15 min, and centrifuged at 15,000 rpm for 15 min at 4 °C.
An aliquot of the clear supernatant was removed for
LDL-cholesterol and apo B analyses. The LDL-C in the
heparin-Mg”" supernatant (containing HDL and sd-LDL)
was directly and selectively determined by a homoge-
nous method. The concentration of the sd LDL-apoB
in the heparin-Mg?" supernatant was measured by an

immunoturbidometric assay (Apo-B, Biosystems). In this
method, as has been previously described, the cholesterol
and apo-B values obtained by the precipitation method
were similar to those obtained in the lipoprotein separated
by ultracentrifugation, and the authors have found there
was an excellent correlation between the two methods for
sd LDL-cholesterol and apoB [12]. The coefficients of
variation of inter- and intra-assay for the precipitation
method were 1.3-1.6 and 1.7-3.7 %, respectively.

Statistical Analysis

All statistical analyses were performed using the SPSS for
Windowsm, version 16 software package (SPSS Inc.,
Chicago, IL, USA). Data were expressed as means = SD
(for parameters with a normal distribution) or median and
interquartile range (for non-normally distributed data).
Data that were normally distributed were analyzed using
Student’s ¢ test (for 2 groups) or one-way analysis of
variance (ANOVA) (for >2 groups). Data found to be
non-normally distributed were analyzed using the non-
parametric Mann—Whitney test (for 2 groups) or Kruskal—
Wallis (for >2 groups). Categorical data were compared
using the Chi-square test. A two-sided P value <0.05 was
considered statistically significant. A Bonferroni correction
was applied in the comparison of sd-LDL values between
control, CAD— and CAD+ groups. Bivariate correlations
between different parameters and sd-LDL levels were
performed using Spearman’s rank correlation and Ken-
dall’s test. Stepwise multiple linear regression analysis was
used to determine which of the conventional risk factors
could influence sd-LDL values. The predictor variables
classified as dichotomous (1 = yes/0 = no) including
diabetes mellitus, hyperlipidemia, hypertension, sex and
smoking were entered into the initial model. Height,
weight, FBG, waist circumference, hip circumference,
HDL-C, LDL-C, systolic and diastolic blood pressure, tri-
acylglycerol and number of narrowed vessels were entered
as continuous variables in the same model. The effect of
statin therapy was also analyzed as a covariate variable.

Results
Demographic Characteristics

Clinical and biochemical characteristics of all 3 groups
(CAD+, CAD—, and control) are summarized in Table 1.
LDL-C values were found to be significantly higher in
controls than for patients. This may be attributed to the fact
that a proportion of the CAD patients were on treatment
with a statin, whilst none of controls were on statin treat-
ment. With regard to the subgroups of CAD+ patients with

&) Springer AOCS &
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Table 1 Demographic and clinical characteristics of CAD positive and negative and control participants

CAD-positive CAD-negative Controls P value
Number 411 159 109
Gender (M/F) 260/151 48/111 49/60 <0.001
DM (%) 40.3 27.8 0.9 <0.001
Smoking (%) 46 26.6 3.7 <0.001
HTN (%) 69.1 72.8 42 <0.001
HLP (%) 40.8 34.8 0 <0.001
Statin (%) 324 22.6 0 <0.001
Age (year) 58.31 £ 10.72 5271 £11.53 56.52 £ 6.70 <0.001
Height (cm) 161.10 £+ 10.32 157.80 + 9.76 162.88 £ 7.26 <0.001
Weight (kg) 70.54 £ 14.51 68.45 £ 13.46 71.95 &+ 10.76 0.262
BMI (kg/m?) 27.40 & 8.02 27.62 + 5.74 27.14 +3.95 0.799
WC/HC ratio 0.95 + 0.09 0.92 + 0.09 0.94 £+ 0.07 <0.01
WC (cm) 91.63 & 13.42 89.93 £+ 14.33 97.95 + 10.62 <0.05
HC (cm) 95.75 £+ 12.08 97.43 + 12.77 103.53 £ 7.54 <0.001
FBG (mg/dl) 126.92 + 63.13 110.69 £ 45.89 80.53 £ 10.74 <0.001
TC (mg/dl) 176.29 £ 49.62 179.51 £ 48.04 185.68 + 39.75 0.054
LDL-C (mg/dl) 102.91 £ 37.21 102.03 £ 40.01 120.79 £+ 29.21 <0.001
HDL-C (mg/dl) 43.16 + 13.03 44.01 £ 11.96 48.63 + 39.47 0.133
TAG (mg/dl) 131.00 (94.00-188.00) 121.50 (86.00-179.00) 109.00 (93.00-139.00) 0.003
hs-CRP (mg/dl) 3.25 (1.33-7.72) 1.89 (1.00-6.28) 2.20 (1.40-3.01) <0.001
SBP (mmHg) 142.47 + 30.51 142.84 £+ 26.47 121.84 + 12.38 <0.01
DBP (mmHg) 78.29 £ 13.68 76.38 + 14.46 76.58 £ 9.13 0.371
Sd-LDL (mg/dL)* 34.42 (19.68-53.37) 30.21 (16.52-46.52) 16.52 (11-27.5) <0.001

Values are presented as means = SD or median (interquartile range). Comparisons between controls, CAD+ and CAD— patients were per-

formed using ANOVA or Kruskal-Wallis and Chi-square test

CAD coronary artery disease, sd-LDL small dense low density lipoprotein, DM diabetes mellitus, HTN hypertension, HLP hyperlipidemia, WC
waist circumference, HC; hip circumference, FBG fasting blood glucose, BMI body mass index, 7C total-cholesterol, LDL-C low-density
lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, TAG triacylglycerol, As-CRP high-sensitive C-reactive protein, SBP systolic

blood pressure, DBP diastolic blood pressure

* Means before covariate analysis

different number of stenosed vessels [single-vessel disease
(SVD), double-vessel disease (2VD), and triple-vessel
disease (3VD)], no significant differences in demographic
parameters were observed between different subgroups
(P > 0.05, Table 2) except age. All subjects were divided
into those with or without metabolic syndrome, based on
AHA/NHLBI criteria. These data have been summarized in
Table 3.

Sd-LDL Values Among Different Groups

Median sd-LDL values in the control group were [16.52
(11-27.5) (mg/dl)], being significantly lower than CAD—
[30.21 (16.52-46.52) (mg/dl)] and CAD+ patients [34.42
(19.68-53.37) (mg/dl)] (comprising SVD, 2VD and 3VD)
(P < 0.001). The results remained significant after Bon-
ferroni correction. Moreover, CAD— patients had statisti-
cally lower median sd-LDL values in comparison with
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patients with SVD, 2VD and 3VD (P < 0.01). In the
CAD+ group, median sd-LDL values were [36.26
(20.60-54.42) (mg/dl)], [29.16 (18.63—49.16) (mg/dl)] and
[35.73 (19.55-57.05) (mg/d])] in SVD, 2VD and 3VD
patients respectively. Median sd-LDL levels were not
significantly different among SVD, 2VD and 3VD patients
(P = 0.245). Gender and smoking status did not alter the
sd-LDL values significantly between controls, CAD-+ and
CAD-— patients (P > 0.05).

The subjects were also divided into those with or without
co-existing metabolic syndrome. As would be expected, the
sd-LDL levels were significantly higher in patients with
metabolic syndrome [33.9 (19.16-52.31) (mg/dl)] in com-
parison with patients without metabolic syndrome [27.6
(16.52-45.34) (mg/dl)] (P = 0.006). Sd-LDL levels where
evaluated based on different components of the metabolic
syndrome. In those subjects with several components of the
metabolic syndrome such as increased waist circumference,
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Table 2 Demographic and clinical characteristics of CAD positive participants

1VD 2VD 3VD P value
Number 114 123 174
Gender (M/F) 66/48 83/40 111/63 0.305
DM (%) 38.4 429 39.8 0.855
Smoking (%) 50.0 45.8 435 0.664
HTN (%) 65.2 70.6 70.6 0.840
HLP (%) 339 44.5 42.7 0.391
Statin (%) 28.9 27.6 37.9 0.384
Age (years) 55.24 £+ 10.78 57.67 £ 10.29 60.79 £ 10.44 <0.001
Height (cm) 162.18 &+ 9.85 160.94 + 12.12 160.51 &+ 9.18 0.344
Weight (kg) 71.31 £+ 14.74 71.58 £+ 16.49 69.31 £ 12.77 0.786
BMI (kg/m?) 27.14 £5.19 28.38 £ 12.69 26.89 £ 4.51 0.981
WC/HC ratio 0.95 + 0.07 0.95 + 0.12 0.96 + 0.07 0.301
WC (cm) 9226 £ 13.14 91.09 £ 15.46 91.58 £ 12.07 0.963
HC (cm) 97.14 £ 12.59 95.49 £+ 12.93 94.99 £+ 11.08 0.494
FBG (mg/dl) 122.23 £+ 51.82 129.29 + 69.54 128.20 & 65.09 0.821
TC (mg/dl) 173.26 4 44.48 169.86 + 42.89 182.94 4 56.43 0.214
LDL-C (mg/dl) 95.93 £+ 35.75 104.17 & 35.29 106.54 + 39.11 0.118
HDL-C (mg/dl) 44.12 £ 1291 42.75 £ 11.08 42.83 + 14.44 0.652
TAG (mg/dl) 135.00 (91.75-193.00) 130.00 (92.00-183.00) 135.00 (96.25-189.75) 0.929
hs-CRP (mg/dl) 2.41 (1.14-5.69) 4.02 (1.22-15.08) 3.32 (1.55-7.67) 0.167
SBP (mmHg) 138.65 £ 32.52 143.85 £ 29.62 144.01 £ 29.72 0.290
DBP (mmHg) 78.22 £ 12.67 78.42 £ 14.39 78.24 £ 13.88 0.984
Sd-LDL (mg/dL) 36.26 (20.60-54.42) 29.16 (18.63-49.16) 35.73 (19.55-57.05) 0.245

Values are presented as means + SD or median (interquartile range). Comparisons between 1VD, 2VD and 3VD patients were performed using

ANOVA or Kruskal-Wallis and Chi-square test

CAD coronary artery disease, sd-LDL small dense low density lipoprotein, DM diabetes mellitus, HTN hypertension, HLP hyperlipidemia, WC
waist circumference, HC hip circumference, FBG fasting blood glucose, BMI body mass index, TC total-cholesterol, LDL-C low-density
lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, TAG triacylglycerol, hs-CRP high-sensitive C-reactive protein, SBP systolic

blood pressure, DBP diastolic blood pressure, VD vessel disease

reduced HDL-C, and hypertension had significantly higher
levels of sd-LDL in comparison with those subjects without
above components (Table 4). This was not however the
case for hyperglycemia and hypertriacylglycerolemia.
When the females and males with and without metabolic
syndrome were analyzed separately, it was found that
females (P = 0.006) but not in males (P = 0.108), sd-LDL
levels were significantly different between patients with and
without metabolic syndrome.

Covariate Analysis

The effects of statin therapy were analyzed as a covariate
variable. We found that in the present study, statin therapy
had a covariate effect in 3 groups of CAD+, CAD— and
control subjects, whilst we did not observe this effect in the
CAD+ subgroups. After covariate analysis, we found sim-
ilar results, as CAD+ and CAD— patients had significantly
higher levels of sd-LDL than controls (P < 0.001).

Moreover, a significant difference was observed between
patients with and without metabolic syndrome (P < 0.05).
Covariate analysis also confirmed our previous results
indicating that only in females (P < 0.01) but not in males
(P = 0.137), sd-LDL levels were significantly different
between patients with and without metabolic syndrome.

Correlation Between sd-LDL Values and CAD Risk
Factors

Among the risk factors for CAD, in the CAD+ group waist
and hip circumferences, waist/hip ratio, FBG, LDL-C,
HDL-C, triacylglycerol (positively) and systolic blood
pressure (inversely) were related to sd-LDL levels, however
in CAD— patients sd-LDL levels were not associated with
any of the classical CAD risk factors except waist circum-
ference and triacylglycerol. In controls, FBG and triacyl-
glycerol (positively) and LDL-C and hs-CRP (inversely)
was associated with sd-LDL levels. No association was
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Table 3 Demographic and clinical characteristics of patients with and without metabolic syndrome

Total (n = 587) MS+ (n = 215) MS— (n = 372) P value
Sd-LDL (mg/dL)* 29.7 (17-47.6) 33.9 (19.16-52.31) 27.6 (16.52-45.34) 0.006
Gender (F) (%) 474 % 61.4 % 349 % <0.001
Age (years) 56.73 £+ 10.60 57.50 £ 10.05 55.95 £ 11.36 0.091
Height (cm) 160.30 £+ 10.15 158.24 £ 11.42 161.91 4+ 9.23 <0.01
Weight (cm) 70.05 £+ 14.09 74.06 £+ 16.14 67.90 £+ 12.40 <0.01
BMI (kg/m?) 27.45 £ 7.31 29.96 £ 10.18 2595 £ 4.71 <0.001
WC/HC ratio 0.94 £ 0.09 0.96 £ 0.07 0.93 £ 0.10 <0.001
WC (cm) 91.48 £ 13.63 96.63 &+ 11.77 87.79 £ 13.55 <0.001
HC (cm) 96.58 £+ 12.20 99.83 £+ 10.24 94.30 £ 12.79 <0.001
FBG (mg/dl) 115.54 £ 56.58 135.71 £ 69.23 103.60 £ 41.47 <0.001
TC (mg/dl) 178.48 £+ 4791 177.00 £ 48.34 177.08 £ 44.99 0.937
LDL-C (mg/dl) 105.98 £+ 37.12 102.64 £ 38.77 105.51 &+ 36.35 0.191
HDL-C (mg/dl) 44.35 + 20.56 37.89 £9.18 49.16 + 25.44 <0.001
TAG (mg/dl) 124 (93.00-175.00) 166.5 (127.75-210.25) 105 (84.00-145.00) <0.001
hs-CRP (mg/dl) 2.54 (1.26-6.20) 2.66 (1.26-6.22) 2.75 (1.26-6.88) 0.801
SBP (mmHg) 141.87 & 29.26 155.67 & 27.89 132.48 £ 26.42 <0.001
DBP (mmHg) 7772 £ 13.77 81.99 £ 1447 74.94 £ 12.55 <0.001
1VD (%) 16.8 29.4 27.6 0.895
2VD (%) 18.1 28.0 30.6 0.696
3VD (%) 25.6 42.7 41.8 0.914

Values are presented as means £ SD or median (interquartile range). Comparisons between patients with and without metabolic syndrome were
performed using Student’s ¢ test or Mann—Whitney and Chi-square tests

Sd-LDL Small dense low density lipoprotein, MS metabolic syndrome, WC waist circumference, HC hip circumference, FBG fasting blood
glucose, BMI body mass index, TC total-cholesterol, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol,
TAG triacylglycerol, hs-CRP high-sensitive C-reactive protein, SBP systolic blood pressure, DBP diastolic blood pressure, VD vessel disease

* Means before covariate analysis

Table 4 Sd-LDL values in subgroups with and without metabolic syndrome components

Statin

MS— (n = 372)

MS+ (n = 215)

P value

Hypertriacylglycerolemia

Reduced HDL-C

Elevated WC

Hypertension

Hyperglycemia

Yes
No
Yes

23.37 (12.84-38.63)
20.21 (8.5-38.23)

23.37 (15.74-39.16)
19.68 (10.21-27.05)
31.79 (19.16-52.84)
29.16 (17.71-47.71)
43.10 (25.74-56.52)
45.47 (24.95-58.63)
24.95 (11-44.95)

28.10 (18.24-62.58)

32.31 (19.68-50.34)
42.58 (19.68-61.13)
32.84 (19.68-50.21)
36.79 (17.31-52.58)
33.89 (19.68-50.73)
39.95 (22.58-56.79)
33.37 (16.5-52.31)

42.58 (27.97-60.73)
32.05 (17.01-48.89)
44.68 (22.71-61.13)

0.129

<0.001

0.005

0.002

0.583

Group comparisons were performed using Kruskal-Wallis test with Bonferroni correction. As statin therapy was as a covariate variable, patients

who were treated with stains were analyzed separately
Sd-LDL small dense low density lipoprotein, MS metabolic syndrome HDL-C high density lipoprotein-C, WC Waist circumference

found for traditional CAD risk factors such as diabetes
mellitus, smoking, hypertension and hyperlipidemia with
sd-LDL in 3 groups (Data have not been shown).

When the association between different biochemical and
CAD risk factors with sd-LDL levels were assessed among
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the 3 subgroups of CAD patients (SVD, 2VD and 3VD),
we found that LDL-C and triacylglycerol (positively) and

smoking (inversely) were associated with serum sd-LDL

concentrations in patients with SVD. In the 2VD subgroup,
only triacylglycerol was associated with the sd-LDL
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concentrations; whilst in the 3VD subgroup, waist and hip
circumference, waist/hip ratio, FBG, LDL-C, HDL-C, tri-
acylglycerol (positively) and systolic blood pressure
(inversely) were associated with the sd-LDL concentrations
(Data not shown).

Association Between sd-LDL Values and CAD Risk
Factors

Stepwise multiple linear regressions in CAD patients
yielded the following equation for the prediction of serum

sd-LDL values [sd-LDL values = 0.115 (triacylglyc-
erol) + 0.154 (total-cholesterol) — 0.891 (BMI) + 0.306
(waist circumferences)] (Table 5). Moreover, in patients
with metabolic syndrome, the regression model yielded the
following equation for the prediction of serum sd-LDL
values in patients with metabolic syndrome [sd-LDL val-
ues = 0.149 (triacylglycerol) 4+ 0.173 (total-cholesterol)]
(Table 6). In patients without metabolic syndrome, the
following equation for the prediction of serum sd-LDL
values was found [sd-LDL values = 0.148 (total-choles-
terol) + 9.07 (gender) + 0.061 (triacylglycerol) + 0.107

Table 5 Stepwise multiple linear regressions of factors affecting sd-LDL levels in CAD patients

Independent variable Before covariate analysis After covariate analysis

p % Variation P values p % Variation P values
Triacylglycerol 0.115 16 0.0001 0.115 16.1 <0.001
Total-cholesterol 0.154 5.6 0.0001 0.16 6.1 <0.001
Body mass index —0.891 1.2 0.002 —0.904 1.2 0.002
Waist circumferences 0.306 1.3 0.024 0.319 1.3 0.019

Diabetes mellitus, hyperlipidemia, hypertension, sex and smoking were entered into the initial model. Height, weight, fasting blood glucose,
waist and hip circumference, high and low density lipoprotein-cholesterol, systolic and diastolic blood pressure blood pressure, triacylglycerol
and number of narrowed vessels were entered as continuous variables in the same model. Regression analyses were performed before entering
the effect of statin consumption as covariate variable

Sd-LDL small dense low density lipoprotein

Table 6 Stepwise multiple linear regressions of factors affecting sd-LDL levels in subjects with metabolic syndrome

Independent variable Before covariate analysis After covariate analysis

p % Variation P values p % Variation P values
Triacylglycerol 0.149 19.6 0.0001 0.146 19.5 <0.001
Total-cholesterol 0.173 5.9 0.002 0.177 6.2 0.002

Diabetes mellitus, hyperlipidemia, hypertension, sex and smoking were entered into the initial model. Height, weight, fasting blood glucose,
waist and hip circumference, high and low density lipoprotein-cholesterol, systolic and diastolic blood pressure blood pressure, triacylglycerol
and number of narrowed vessels were entered as continuous variables in the same model. Regression analyses were performed before entering
the effect of statin consumption as covariate variable

Sd-LDL small dense low-density lipoprotein

Table 7 Stepwise multiple linear regressions of factors affecting sd-LDL levels in subjects without metabolic syndrome

Independent variable Before covariate analysis After covariate analysis

p % Variation P values p % Variation P values
Total-cholesterol 0.148 10.7 0.0001 0.146 10.5 <0.001
Sex 9.07 42 0.006 9.223 44 0.006
Triacylglycerol 0.061 2.5 0.015 0.062 2.7 0.015
Systolic blood pressure 0.107 1.9 0.043 - - -

Diabetes mellitus, hyperlipidemia, hypertension, sex and smoking were entered into the initial model. Height, weight, fasting blood glucose,
waist and hip circumference, high and low density lipoprotein-cholesterol, systolic and diastolic blood pressure blood pressure, triacylglycerol
and number of narrowed vessels were entered as continuous variables in the same model. Regression analyses were performed before entering
the effect of statin consumption as covariate variable

Sd-LDL small dense low density lipoprotein
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(systolic blood pressure)] (Table 7). After regression
analysis and entering statin consumption as a covariate
variable, we found similar results in all three regression
analysis, but only in patients without metabolic syndrome
systolic blood pressure lost its significance.

Discussion

To our knowledge, the predominance of the sd-LDL phe-
notype has not previously been studied in Persian CAD
patients. We have however recently found higher levels of
sd-LDL in SVD versus 3VD patients among 204 patients
presenting with acute coronary syndrome [13]. Thus, we
aimed to evaluate the possible relationship between the
severity of CAD and sd-LDL concentrations within a larger
sample size in which CAD was defined angiographically.
In the present study, we found higher levels of sd-LDL
concentrations in CAD+ patients compared with CAD—
and healthy controls. Moreover, the sd-LDL values were
significantly higher in CAD— patients, who had no sig-
nificant stenosis in their coronary arteries based on angi-
ography results, than healthy controls.

There have been previous studies that have reported a
positive association between the sd-LDL levels, LDL
particle size and the presence and severity of CVD [2-6]. It
has also been reported that the mean LDL size was smaller
in those patients with proven CAD based on angiography
results than the healthy controls; Moreover, after multiple
regression analysis, the presence of sd-LDL was found to
be an important and independent risk factor for CAD
development apart from the traditional cardiovascular risk
factors [2]. Furthermore, it has been reported that men with
an LDL particle size <25.6 nm had a significant 2.2-fold
increase in the 5-year rate of ischemic heart disease com-
pared with those men having an LDL particle size
>25.6 nm [6] and it has been proposed that sd-LDL par-
ticles and high concentrations of sd-LDL are both impor-
tant risk factors for CVD [3]. Previous reports indicate that
there is a linear correlation between the sd-LDL concen-
trations and the risk of development of cardiovascular
events [4, 5].

It has been proposed that sd-LDL may be involved in the
pathogenesis of CVD via several mechanisms. Sd-LDL is
one of the most atherogenic lipoprotein classes, and in
comparison with larger-sized lipoproteins, sd-LDL parti-
cles have (1) a lower affinity for the LDL-receptors [14],
(2) higher susceptibility to oxidative modification and (3)
lesser antioxidants concentrations [15], (4) longer retention
time in the circulation [16] and (5) enter the arterial wall
more easily [17].

Although our method is less precise than the recently
developed quantitative angiographic techniques such as
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those using the Gensini coronary atherosclerosis scores and
angiography itself may not accurately measure the CAD
severity, but based on the number of stenosed vessels, we
did not find any association between sd-LDL levels and
severity of CAD; LDL- and total-cholesterol levels were
comparable between patients with SVD, 2VD and 3VD.
Some studies have reported results consistent with ours.
Koba et al. [18] found that LDL size is not related to the
severity and extent of coronary lesions determined by
Gensini score. In other study by Kwon et al. [2], it was
found that patients with more extensive CAD had smaller
LDL particles. In other study, both sd-LDL mass concen-
trations and also sd-LDL particle size were measured
simultaneously in patients with CAD and their association
with severity of disease (based on Gensini score) was
determined. The authors found that high sd-LDL concen-
trations were closely related to the CAD severity inde-
pendently of classical coronary risk factors, while LDL
particle size was not related. Thus, they suggested that the
progression of CAD is closely linked to the amount of
sd-LDL but not with the LDL particle size [3].

There is also strong evidence suggesting that sd-LDL is
independently associated with the metabolic syndrome;
Haffner et al. [19] have reported a decreased LDL size in
subjects with multiple metabolic disorders. Moreover,
several studies have suggested sd-LDL as a valuable
marker for diagnosis and severity of the metabolic syn-
drome [8, 9]. It has been previously reported that increased
plasma triacylglycerol and decreased HDL-C concentra-
tions are usually accompanied by the presence of sd-LDL
particles comprising together the atherogenic lipoprotein
phenotype [20, 21]. Furthermore, in regard to important
role of triacylglycerol in the composition and metabolic
fate of lipoproteins, it has been reported that 80 % of
patients with serum triacylglycerols above 1.5 mmol/L are
characterized by the presence of sd-LDL subfraction pat-
tern [22]. In the present study, as would be expected the
subjects with metabolic syndrome had higher levels of
sd-LDL values compared with subjects without metabolic
syndrome. Moreover, when sd-LDL levels were analyzed
with respect to metabolic syndrome components separately
and statin therapy analyzed as a covariate variable, we
found that all of metabolic syndrome components except
hypertriacylglycerolemia and hyperglycemia appear to
affect sd-LDL levels significantly. In a recent cross-
sectional study by Kathiresan et al. [23], the number of
sd-LDL particles was found to be greater in patients with
metabolic syndrome and to increase with the number of
components of metabolic syndrome.

In addition, multiple linear regressions showed that tri-
acylglycerol, total-cholesterol, BMI, and waist-circumfer-
ences were the most important determinants of sd-LDL
levels in CAD patients. Increased plasma triacylglycerol
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plays a critical role in preponderance of sd-LDL in CAD
patients, as our results and other studies support that LDL
particle size is associated with serum triacylglycerol level
[24]. Hirano et al. [12] have reported that sd-LDL is pos-
itively associated with LDL-C and triacylglycerol and
inversely with HDL-C. When the females and males with
and without metabolic syndrome were analyzed separately,
it was found that only in females but not in males, sd-LDL
levels were significantly different. As Coresh et al. [25],
have previously reported, this finding can be explained by
the fact that female subjects had significantly higher levels
of HDL-C and lower levels of triacylglycerol in compari-
son with the male subjects.

In the present study, the regression model showed that sd-
LDL levels were negatively associated with BMI in the
CAD patients. While it would be expected that patients with
a high BMI, would have high levels of sd-LDL, the regres-
sion model did not show this in our sample population. This
may be explained by this notion that more than 30 % of the
subjects in CAD group were treated with statins. Moreover,
it has been previously revealed that statin therapy does not
decrease the proportion of sd-LDL among total LDL parti-
cles, but in fact increases it, while predictably reducing total
LDL-C, absolute amounts of sd-LDL, and absolute amounts
of large, buoyant LDL [26]. It has been proposed that statins
are able to up-regulate the activity of LDL receptor and
decreases large, buoyant LDL more than sd-LDL, as statins
increase LDL receptor activity; large, buoyant LDL is a
better ligand for the LDL receptor than sd-LDL [27]. Hence,
it may be concluded that those patients who have higher
BMI, are more prone to development of CAD and these
patients usually receive statins lifelong. Thus, it could be
possible those patients, who have higher BMI and are treated
with statins, would have lower sd-LDL values.

In conclusion, we found that sd-LDL levels are signifi-
cantly higher in patients presenting with symptoms of
CAD. Moreover, patients with evident stenosis in their
coronary arteries had also higher levels of sd-LDL levels
compared with those patients without overt lesions. Due to
our results, sd-LDL concentrations are not associated with
severity of CAD defined by number of stenosed coronary
arteries. In addition to assessing the impact of lipid-low-
ering agents on sd-LDL size further studies are needed to
assess the effect of lipid lowering drugs in reduction of
sd-LDL concentrations.

Limitations

This study has a number of limitations; first, it was not
possible to control for the dosage, or type of statin in our
subgroups of our patients. It is possible that patients with
more severe disease were on higher doses of statin, or more

potent statins, and this will cause increasing effects on sd
LDL. We did not examine the size distribution of sd-LDL.
It is not clear whether the LDL size profile or sd-LDL
concentration is the better risk marker. There was a
potential problem of selection bias in our study, as patients
included were those with extant CAD rather than an
unselected metabolic syndrome population. As we looked
at a rather selected group of patients with metabolic syn-
drome, that may not be representative of all patients with
metabolic syndrome. We hope future studies provide more
information about this that which one (size or concentra-
tions of sd-LDL) would be more useful in clinical practice.
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