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Abstract
Low-density lipoprotein (LDL), especially small dense LDL (sdLDL), plays a role in atherogenesis. We compared baseline sdLDL
levels between healthy controls and patients with acute coronary syndrome (ACS). Blood samples were taken from patients
diagnosed with myocardial infarction ([MI] n ¼ 104) and unstable angina ([UA] n ¼ 100). Both sdLDL and high-sensitivity
C-reactive protein (hsCRP) levels were determined on admission and in the next 24 hours after the onset of symptoms. Base-
line concentration of sdLDL was significantly higher in patients presenting with ACS than controls (P < .05). In the 24 hours
following ACS, the sdLDL levels decreased insignificantly in both groups of patients with ACS (P > .05). The changes in sdLDL
values were not significantly different between MI and UA participants (P > .05). Patients with ACS have higher concentration of
sdLDL compared with the controls.

Keywords
small dense low-density lipoprotein, acute coronary syndrome, high-sensitive C-reactive protein

Introduction

Cardiovascular disease (CVD) is the leading cause of death

worldwide. The major independent risk factors for CVD are

hypertension, smoking, diabetes mellitus, advanced age, as

well as elevated serum total and low-density lipoprotein cho-

lesterol (LDL-C) and low high-density lipoprotein cholesterol

(HDL-C). However, these established risk factors account for

no more than 25% to 30% of the excess cardiovascular risk fac-

tors in patients,1 suggesting that other risk factors play an

important role in the pathogenesis of atherosclerosis. Coronary

heart disease (CHD) can manifest itself with stable or acute

coronary syndrome (ACS) including unstable angina (UA) and

also myocardial infarction (MI).

Low-density lipoprotein, especially small dense LDL

(sdLDL), plays a role in atherogenesis. To date, many studies

have investigated the possible role of sdLDL in CVD and most

have reported a positive association between the sdLDL levels,

LDL particle size, and presence and severity of CVD.2-6 How-

ever, contrary evidence also exists.7 Small dense LDLs are highly

atherogenic due to lower affinity for the LDL receptor,8 lower

resistance to oxidative modification having lesser antioxidant

concentrations,9 prolonged half-life in the circulation,10 and

entering the arterial wall more easily.11 Recently, the pathophy-

siology, atherogenicity, and measurement issues related to LDL

subclasses have been reviewed.12,13

It has been reported that the mean LDL size was smaller in

those patients with proven CHD based on angiography results

than the healthy control participants; the authors have sug-

gested after multiple regression analysis the presence of high
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levels of sdLDL would be an important and independent risk

factor for coronary artery disease (CAD).2 Moreover, the pres-

ence of sdLDL phenotype has been associated with an approx-

imately 3-fold increased risk of CAD,4 and it has been

proposed that sdLDL particles and high concentrations of

sdLDL are potent risk factors for CVD.3 Moreover, previous

studies have reported that there is a linear correlation between

the sdLDL concentrations and the risk of development cardio-

vascular events.5,6 It has also been demonstrated in healthy

middle-aged individuals that predominance of sdLDL particles

is associated with increased proinflammatory activation of per-

ipheral mononuclear cells.14 In addition to CVD, it has been

also reported that carotid artery intima-media thickness was

most closely associated with sdLDL-cholesterol among dif-

ferent lipid parameters, indicating that sdLDL-cholesterol is

the best marker of carotid atherosclerosis among the different

lipid parameters.15

Serum C-reactive protein (CRP) is a marker of systemic

inflammation.16 In addition, CRP may play an active role in

CVD, from initial recruitment of circulating leukocytes to the

arterial wall to eventual rupture of the unstable plaque.17

Furthermore, CRP has been positively related to future cardio-

vascular events in high-risk individuals, as we18 have previ-

ously shown that CRP is associated with CVD in Iranian

patients with angiographically defined CAD. High-sensitivity

(hs) CRP independently predicted the frequency of recurrent

coronary events in patients with ACS.19

We evaluated the changes in sdLDL concentrations during

the ACS (MI and UA) and the possible association between

sdLDL concentrations and extent and severity of CAD.

Methods

Participants

A total of 204 patients (81 males, 123 females, mean age:

59.4 + 9.7) with ACS were recruited. The patients with chest

pain attended the Accident and Emergency Center within the

preceding 12 hours and subsequently admitted to the coronary

care unit (CCU) of Ghaem Hospital, Mashhad, Iran. Two blood

samples were taken from each patient for analysis; the first

sample on admission and the second about 24 hours later. The

presence of MI or UA was determined by a cardiologist,

according to the World Health Organization (WHO) criteria

using electrocardiography, echocardiography, and serum tro-

ponin I positivity. Exclusion criteria were age <35 or >75

years; previous history of MI, pregnancy and lactation, cere-

brovascular events, consumption of lipid-lowering agents,

active liver disease or hepatic dysfunction; acute or chronic

pancreatitis, and renal dysfunction (blood creatinine

�2.0 mg/dL). Fifty-two healthy participants without a history

of CAD or any cardiovascular risk factors who were referred

to the Mashhad Central Laboratory for a routine checkup of

serum biochemical parameters were recruited as the control

group. In addition, 46 and 73 patients were candidates for cor-

onary angiography in the MI and UA groups, respectively.

Significant CAD based on coronary angiography results was

defined as stenosis�50% of the luminal diameter in�1 branch

of the coronary arteries. In addition, echocardiography was per-

formed for all the patients. The stages of systolic function were

determined based on the ejection fraction (EF) as follows: nor-

mal, EF � 55%; stage I, 45% � EF < 55%; stage II,

30% � EF < 44%; and stage III, EF < 30%. Moreover, as pre-

viously has been described20 the stages of diastolic function

were determined to normal, stage I: impaired, stage II: pseudo-

normal, and stage III: restrictive.

Hypercholesterolemia was diagnosed by a serum total cho-

lesterol concentration �200 mg/dL (�5.2 mmol/L) and/or

LDL-cholesterol (LDL-C) �130 mg/dL (3.36 mmol/L),

and/or treatment with lipid-lowering drugs, diabetes by a fast-

ing blood glucose level �126 mg/dL (�7 mmol/L) on �2

occasions or treatment with antidiabetic drugs, and hyperten-

sion by blood pressures �140/90 mm Hg on �2 occasions or

if patients were on treatment with antihypertensive medica-

tion. Patients were considered smokers if they smoked �1

cigarette/d at the time of admission or in the preceding 12

months. Each participant gave written consent to participate

in the study, which had previously been approved by the

Mashhad University of Medical Sciences’ research ethics

committee.

Blood Sampling

Venous blood samples were collected from each patient on

hospital admission and approximately 24 hours later, and for

the control group 1 blood sample was taken on the day of labora-

tory sampling after 12 hours of fasting. Following venipuncture

of an antecubital vein, blood samples were collected into Vacu-

tainer tube Pole Ideal Pars, Iran and centrifuged at 5000g for

15 minutes at 4�C. After separation, serum aliquots were frozen

at �80�C until the day of analysis. A full lipid profile compris-

ing total cholesterol, triglycerides, and LDL-C and HDL-C was

determined for each patient. Serum lipid and fasting serum glu-

cose concentrations were measured by routine enzymatic

methods.

Determination of sdLDL

Small dense LDL was determined using a validated

method.21 Briefly, precipitation reagent (150 U/mL

heparin–sodium salt and 90 mmol/L MgCl2) was added to

0.5 mL of serum sample, mixed, and incubated for 10 min-

utes at 37�C. The samples were placed in an ice bath and

allowed to stand for 15 minutes, and centrifuged at

15 000 rpm for 15 minutes at 4�C. The precipitate was

packed tightly at the bottom of the tube, and the supernatant

was clear. An aliquot of the supernatant was removed for

measurement of LDL-C and apolipoprotein B (apo B). In

the overhead solution, all lipoproteins were precipitated

except HDL-C and sdLDL, and the concentration of the apo

B100 or LDL-C in the supernatant equivalent with sdLDL

the apo B100 was measured by immunoturbidometric assay

(Apo-B, Biosystems, Barcelona, Spain). In this method, as
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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 correla-

tion between the two methods for sdLDL-C and apo B.21

Statistical Analysis

All data were analyzed by using SPSS for Windows, version

16 software package (SPSS Inc, Chicago, Illinois). Values

were expressed as mean + standard error of the mean for nor-

mally distributed data, and in the case of nonnormally distrib-

uted data as median and interquartile range. Data that were

normally distributed were analyzed using Student t test and for

nonnormally distributed data using nonparametric Mann-

Whitney test (for 2 groups). For comparison between 2 related

samples, the Wilcoxon signed rank test was used. Chi-square

test was used to compare the qualitative factors such as hyper-

tension between control and patients. A 2-sided P < .05 was

considered significant. To analyze the relationship between

sdLDL concentrations and individual ACS factors, Spearman

correlation was used.

Results

We measured the serum levels of sdLDL and hsCRP in 104

patients with MI, 100 patients with UA and compared the

results with 100 healthy participants. Demographic data and

clinical and biochemical characteristics of the patients are sum-

marized in Table 1. The MI group had a higher proportion of

females when compared with the other 2 groups (P < .05). In

addition, 46 and 73 patients underwent angiography in the

MI and UA groups. Based on the results of angiography, in the

MI group, 1, 20, 17, and 8 patients had normal, single-, double-,

and triple-vessel disease, respectively. In the UA group, 4, 35,

18, and 16 patients had normal, single-, double-, and triple-

vessel disease, respectively.

Small Dense LDL and hsCRP Levels

Baseline concentrations of sdLDL were significantly higher in

patients presenting with MI and UA compared with the control

group (P < .001). The same results were observed for hsCRP

levels (P < .001). The comparison between the patients with

MI and UA showed the significant difference in hsCRP levels

(P ¼ .01), while there was no significant difference in baseline

Table 1. Demographic, Clinical, and Baseline Biochemical Characteristics of 3 Groups of Participants.a

Groups MI UA Control P

Number 104 100 52
Age, year 59.0 + 0.9 59.9 + 1.0 56.8 + 0.8 >.05
Females (%) 73 (70.2%) 50 (50%) 29 (55.8%) <.05
Diabetes mellitus (%) 25 (24%) 30 (30%) 0 (0%) <.05
Hypertension (%) 35 (33.7%) 66 (66%) 0 (0%) <.05
Hyperlipidemia (%) 9 (8.7%) 0 0 (0%) <.05
Smoking (%) 17 (16.3%) 14 (14%) 0 (0%) <.05
Family history (þ) (%) 5 (4.8%) 2 (2%) 0 (0%) >.05
BMI, kg/m2 (%)

<20 6 (5.8%) 2 (2%) 5 (9.6%)
20-25 89 (85.6%) 87 (87%) 25 (48.1%) <.05
25-30 7 (6.7%) 8 (8%) 17 (32.7%)
>30 2 (1.9%) 3 (3%) 5 (9.6%)

Diastolic function
Normal 22 (21.2%) 31 (31%) 100 (100%)
Stage I 61 (58.7%) 52 (52%) 0 (0%) <.05
Stage II 13 (12.5%) 11 (11%) 0 (0%)
Stage III 8 (7.7%) 6 (6%) 0 (0%)

Systolic function
Normal 2 (1.9) 15 (15%) 100 (100%)
Stage I 94 (90.4%) 80 (80%) 0 (0%) <.05
Stage II 6 (5.8%) 4 (4%) 0 (0%)
Stage III 2 (1.9%) 1 (1%) 0 (0%)

FBS (mg/dL) 113.55 + 7.50 117.95 + 5.19 79.83 + 1.36 <.05
TG (mg/dL) 137.58 + 6.97 158.74 + 11.18 107.10 + 4.34 <.05
TC (mg/dL) 173.67 + 4.71 172.04 + 3.74 164.62 + 3.67 >.05
HDL-C (mg/dL) 50.51 + 3.38 38.00 + 1.25 43.5 + 1.55 <.05
LDL-C (mg/dL) 89.46 + 4.02 96.69 + 3.16 102.81 + 2.42 >.05
sdLDL (mg/dL) 51 (38-69) 46 (36-65) 13 (11-19) <.05
hsCRP (mg/L) 8.7 (6.22-11.57) 6.8 (4.12-10.8) 2.1 (1.4-2.78) <.05

Abbreviations: UA, unstable angina; MI, myocardial infarction; FBS, fasting blood sugar; BMI, body mass index; LDL-C, low-density lipoprotein cholesterol; HDL-C,
high-density lipoprotein cholesterol; TG, triglyceride; sdLDL, small dense low-density lipoprotein; hsCRP, high sensitivity C-reactive protein.
a Values are presented as mean + SEM or median (interquartile range).
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sdLDL values between the 2 groups of patients (P¼ .326). The

sdLDL levels in the second sample reduced from 51 (38-69) to

48 (33-66) mg/dL in MI group; and in patients with UA the

same pattern was found, as the sdLDL levels decreased from

46 (36-65) mg/dL in the first sample to 44 (37-63) mg/dL in the

second sample (Table 2). These changes were not significant in

both groups (P > .05). Also, the changes in hsCRP levels were

not significantly different between the first and second samples

in both groups of the patients (P > .05). The changes in sdLDL

in patients with MI and UA were 2 (�7-8) and 0.5 (�7-7) mg/

dL, respectively. The changes in sdLDL were not significantly

different between the 2 groups of patients (P¼ .720). Moreover,

the changes in hsCRP levels were 0.25 (�1.67-1.5)(mg/L) and

0.0 (�2.1-1.1) (mg/L) in patients with MI and UA, respectively.

The same as sdLDL concentration, the changes in hsCRP levels

were not statistically different between the 2 groups (P ¼ .340).

The changes in hsCRP levels and sdLDL levels in each group

were not correlated (P > .05).

In addition, because of the significantly different proportion

of females in the MI group in comparison with other groups,

the sex effect was adjusted. After the adjustments, sdLDL and

hsCRP levels were significantly different among the 3 groups

(P < .05). In addition, the comparison between the first and sec-

ond serum samples was not significantly different in both

groups of patients with MI and UA, after adjustment

(P > .05). After adjustments, the changes in sdLDL concentra-

tions were not significantly different between patients with MI

and UA, while the changes in hsCRP values showed a signifi-

cant difference between the 2 groups of patients (P < .05).

Small Dense LDL and hsCRP Levels and Their Association
With Other Parameters

After the analysis, using the Mann-Whitney test, we found that

sdLDL levels were not significantly associated with any cardi-

ovascular risk factors, as diabetes, hypertension, smoking, and

hyperlipidemia; patients had comparable levels of sdLDL

when compared with patients without the above CVD risk fac-

tors. In addition, hsCRP levels were significantly different in

patients with hypertension when compared with normotensive

participants (P ¼ .011), however, for other CVD risk factors

there were no significant difference. Moreover, patients with

different BMI levels had significantly different sdLDL and

hsCRP concentrations (P ¼ .001). The sdLDL levels did not

differ significantly between males and females (P > .05).

Based on echocardiography, the patients in MI and UA

groups were divided into different groups, with different stage

of diastolic and systolic dysfunction. After analysis using

Kruskal-Wallis test, there was a significant association

between baseline sdLDL levels and systolic function; however,

we did not find this association for diastolic function. More-

over, the baseline levels of hsCRP were not associated with

echocardiographic results.

Based on the results of angiography, the baseline levels of

sdLDL were compared between different groups of patients

with different extent of coronary involvements. The analysis

showed that the sdLDL levels were significantly higher in sin-

gle- versus triple-vessel disease (P ¼ .023). However, for

baseline hsCRP levels, there was no significant difference

between different groups of patients with different stenosed

vessels (P > .05).

Multiple Linear Regressions

The variation in the baseline sdLDL levels could be explained

by the best-fitting models derived from stepwise multiple linear

regressions: in this model the variation in sdLDL levels were

only explained by cholesterol levels (b ¼ .270, P ¼ .008).

Discussion

In the present study, we found that the baseline concentration

of sdLDL was significantly higher in CAD patients presenting

with ACS in comparison with healthy controls, whereas LDL-

C and total-cholesterol levels were comparable between

patients with CHD and controls. Consistent with our finding,

there are several studies that have reported a positive associa-

tion between the sdLDL levels, LDL particle size, and presence

and severity of CVD.2-6 The mean LDL size was smaller in the

patients with proven CAD based on angiography results than

the healthy control participants; moreover, the authors have

suggested after multiple regression analysis the presence of

sdLDL would be an important and independent risk factor for

CAD development apart from the traditional cardiovascular

risk factors.2 Furthermore, the presence of sdLDL phenotype

has been associated with an approximately 3-fold increased

risk of CAD,4 and it has been proposed that sdLDL particles

and high concentrations of sdLDL are important risk factors for

CVD.3 In addition, previous studies have reported that there is

a linear correlation between the sdLDL concentrations and the

risk of development cardiovascular events.5,6 It has been

Table 2. The Levels of sdLDL and hsCRP in the First and Second Samples.a

MI Group UA group

First Sample Second Sample First Sample Second Sample

sdLDL (mg/dL) 51 (38-69) 48 (33-66) 46 (36-65) 44 (37-63)
hsCRP (mg/L) 8.7 (6.22-11.57) 8.3 (6.6-11.35) 6.8 (4.12-10.8) 7.5 (5.5-11.2)

Abbreviations: sdLDL, small-dense low-density lipoprotein; hsCRP, high sensitive C-reactive protein.
aData have been shown as median (interquartile range). There was insignificant difference between first and second sample in both groups.
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reported that small LDL particles have been associated with

circulating inflammation markers even before clinical evidence

of atherosclerosis.22 However, in our study, we have not

observed any association between hsCRP and baseline sdLDL

levels. It has been also demonstrated in healthy middle-aged

individuals that predominance of sdLDL particles is associated

with increased proinflammatory activation of peripheral mono-

nuclear cells.14

We further observed that in the next 24 hours following

ACS, the sdLDL levels decreased in patients with ACS, though

this did not attain significance. Nor did the changes in sdLDL

values differ significantly between MI and UA participants.

The same pattern as sdLDL was observed for hsCRP levels,

except that there were significantly higher hsCRP values in

MI group when compared with UA group. The insignificant

reduction in sdLDL concentration may be attributed to

commencing statin and b-blocker therapies after the hospital

admission of the patients. As previously reported, these medi-

cations are able to affect the LDL size and composition.23,24

The particle size of LDL has been investigated in patients

with ACS, and the authors found the LDL sizes were similar

at admission and at discharge.25 In contrast, in a case–con-

trol study among healthy middle-aged women, it was found

that baseline LDL particle concentrations were higher and

LDL particle size was lower among women who subse-

quently had cardiovascular events in comparison with those

who did not.26 In the latter study, the number of LDL par-

ticles but not LDL size remained significantly related to MI

or angina. Moreover, patients with acute MI show an early

reduction in LDL size, which persists during hospitaliza-

tion27 and also acute MI is accompanied by profound

plasma lipid and lipoprotein modifications that have a great

relevance and should be kept in mind for therapeutic deci-

sions.28 However, despite the changes in lipid and lipopro-

tein levels during ACS, it is less defined how sdLDL

concentrations change during acute phase. In this study,

we observed the insignificant decrease in sdLDL levels,

however, unfortunately after 24 hours following the hospital

admission, the sdLDL values were not measured to eluci-

date how sdLDL values change after ACS.

A variety of studies have evaluated the effect of lipid-

lowering agent such as statins and fibrates on sdLDL size and

concentrations. It has been reported that statin therapy may lead

to increase in LDL particle size,23 and treatment with fibrates

also increases the LDL particle size and decreases CVD risk.29

Some studies have reported that statin therapy was not associ-

ated with the increase in LDL size.30

Moreover, we did not find any difference in sdLDL levels in

patients with different cardiovascular risk factors including

diabetes mellitus, hyperlipidemia, hypertension, and smoking

in comparison with those who do not. However, overall the

baseline sdLDL levels were significantly different based on

BMI and obesity categorizations. The multiple regressions

showed that the baseline sdLDL levels were associated with

total cholesterol levels and no other biochemical parameters.

In addition, based on echocardiographic findings there was a

significant association between baseline sdLDL levels and sys-

tolic but not diastolic function.

Different studies have reported various results; some of

them have reported that sdLDL particles are closely associated

with diabetes mellitus.31,32 Feingold et al32 reported a 2-fold

increase in the incidence of sdLDL phenotype in normolipi-

demic noninsulin-dependent diabetic patients. In contrast,

other studies failed to confirm these findings.33 In addition,

we did not find any difference in sdLDL concentration

between males and females. A recent study3 confirms our

results, while a significant difference in LDL particle size has

also been reported.5

In the present study, the sdLDL concentrations were only

correlated with total cholesterol levels. In another study, in

multivariate models for women that included triglycerides and

HDL cholesterol, the number of LDL particles (but not LDL

size) remained significantly related to MI and angina.34 It has

been reported that LDL particle size is associated with serum

triglyceride level.33 Furthermore, it has been reported that LDL

particle diameter is associated with risk of MI but not after

adjustment for triglyceride level.35

When defining CHD severity by various clinical features

and angiographic findings, the baseline sdLDL but not hsCRP

levels were significantly different between single- and triple-

vessel diseases, being higher in patients with single-vessel dis-

ease. Patients with more severe lesions had lower levels of

sdLDL concentrations, whereas LDL-C and total cholesterol

levels were not different between different groups of patients.

The reports about the association of sdLDL levels and LDL

size are controversial. In another study, it has been reported

that high sdLDL concentrations but not the LDL size were

closely associated with CAD severity, determined by Gensini

scores, independent of classical coronary risk factors3; the

inefficacy of using LDL size in determining CAD severity has

been confirmed by others.36,37 However, in other studies, sig-

nificant correlation between LDL particle size and extent of

CAD has been reported.2,29

In conclusion, our results indicate that patients with ACS

have a higher concentration of sdLDL compared with controls.

The changes in sdLDL levels were not significantly different

between the patients with MI and UA. Moreover, the baseline

sdLDL levels differed between patients with different extent

of CHD independent of the coronary risk factors. Based on

our finding, sdLDL may act as an independent risk factor for

CAD. In addition to assessing the impact of lipid-lowering

agents on sdLDL size, further studies are needed to assess the

effect of lipid-lowering drugs in reduction of sdLDL

concentrations.

This study has limitations; first, we did not examine the size

spectrum of sdLDL as would be possible by other techniques.

We hope future studies will provide more information about the

importance of size or concentrations of sdLDL. Therapeutic

modulation for reduction of sdLDL concentration and LDL size

would be an interesting field of investigation. However, before

being used in clinical practice, the effect of this modulation on

cardiovascular events should be studied further.
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