
Introduction
Although increased serum cholesterol, espe-

cially LDL-C, is considered as a major risk fac-
tor for the development of coronary artery dis-
ease (CAD), many individuals with CAD have
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Abstract
Background: Recently, small dense low density lipoprotein (sdLDL) has been

highlighted as a new risk factor for the coronary artery disease (CAD).Small dense
LDLs are believed to be atherogenic since these particles are taken up more easily by
arterial wall. They are readily oxidized and have reduced affinity for low density
lipoprotein (LDL) receptor and increased affinity for arterial proteoglicans. LDL
cholesterol is only a measure of the cholesterol level in the LDL whereas apolipopro-
tein B(apo B) is a measure of the cholesterol levels of all the atherogenic particles, in-
cluding very low density lipoprotein, intermediate density, and low density lipopro-
teins. Therefore, it might be a better marker than other traditional lipids. The aim of
the present study was to evaluate the association between serum small dense LDL,
apolipoprotein B, apolipoprotein A1 (apo A1) and apoB/apoA1 ratio and the coro-
nary stenosis.

Methods: 86 patients with coronary stenosis , 35 patients without coronary steno-
sis  identified by angiography who were referred to Rajaii Heart Center , and 30
healthy individuals were studied. SdLDL was measured by a direct homogenous
LDL-C assay in the supernatant of serum which remained after heparin-magnesium
precipitation. Serum apolipoprotein A1 and apolipoprotein B were measured by us-
ing immunoturbidimetric method.

Results: The results showed that the sdLDL levels were higher in patients with
coronary stenosis than patients without coronary stenosis and healthy individuals
(21.54±7.1, 16.88±4.4 and 15.45±5mg/dl, p=0.001, respectively). In addition the lev-
el of apoB (with stenosis: 113.71±21.8, without stenosis:100.88±18.7 and healthy:
102.30±9.6, p=0.003)  and apoB/apoA1 ratio (with stenosis:1.100±0.24, without
stenosis :0.589±0.26 and healthy:0.751±0.16, p=0.001)  were significantly higher in
patients with coronary stenosis. SdLDL levels were positively correlated with the
level of apoB(r=0.589), apoB/apoA1 ratio(r=0.416), triglyceride(r=0.494), LDL-C
(r=0.749), Total cholesterol(r=0.354) and were inversely correlated with the level of
HDL-C (r = -0.586)(p<0.01). 

Conclusion: The elevated levels of small dense LDL, apoB and apoB/apoA1 ratio
were associated with coronary artery stenosis.
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normal range  of  LDL-C levels [1]. Therefore,
there might be some other risk factors which are
responsible in the development of coronary ar-
tery disease.

LDL particles are heterogeneous with re-
spect to their size, density and lipid composi-
tion. They have two phenotypes: phenotype A ,
consisting of large buoyant LDLand phenotype
B which contains small dense LDL (sdLDL).
Among LDL particles, the sdLDLs are believed
to be atherogenic since these particles are taken
up more easily by arterial wall. They are readily
oxidized and have reduced affinity for LDL re-
ceptor and increased affinity for arterial pro-
teoglicans [2,3]. Several studies have high-
lighted sdLDL as a new risk factor for coronary
artery disease [4-6]. 

Apolipoprotein B (apoB) and apolipoprotein
A1 (apoA1) are the major proteins of athero-
genic lipoproteins and high density lipopro-
teins (HDL), respectively. LDL-C is a measure
of the cholesterol level in the LDL particle but
provides no information on other atherogenic
lipoprotein particles. In contrast, apolipopro-
tein B is present in LDL, IDL and VLDL parti-
cles. Therefore, total apoB levels give informa-
tion about total number of atherogenic particles
[7,8]. ApoB levels also provide a good measure
of the numbers of sdLDL particles [9]. ApoA1
levels are strongly correlated with the number
of HDL particles [8] and it is more important
than HDL-C for biochemical pathways that
make HDL anti-atherogenic agent, due to
apoA1-mediated cellular cholesterol efflux
[10], maturation of   HDL-C by lecithin choles-
terol acyltransferase [11], and some antioxida-
tive processes [12].  Several studies have re-
ported that inceased apoB/apoA1 ratio is a po-
tential risk factor for CAD [13,14].

The aim of the present study was to evaluate
the association between serum small dense
LDL, apoB, apoA1 and apoB/apoA1 ratio and
the coronary artery stenosis.

Methods
This is a comparative cross-sectional and

case-control study. 86 patients with coronary
stenosis (28 single vessel disease, 23 two vessel
disease and 35 three vessel disease), 35 patients
without coronary stenosis (who had the symp-
toms of atherosclerosis such as chest pain and
shortness of breath but they did not have steno-
sis) identified by angiography, and 30 healthy
individuals without the history of diabetes and
hypertension were studied. 

Small dense LDL assay was performed by
using a precipitation method described previ-
ously [15]. Briefly, the precipitation reagent
(0.1 mL) containing 150 U/mL of heparin sodi-
um salt and 90 mmol/L MgCl2 was added to a
serum sample (0.1 mL) and the sample was in-
cubated for 10 minutes at 37°C.Then each sam-
ple was placed in an ice bath for 15 minutes. Af-
ter centrifugation at 15000 rpm for 15 minutes
at 4°C, the precipitate was packed at the bottom
of the tube and the clear supernatant consisted
of sdLDL and HDL. The supernatant was re-
moved for the measurement of LDL-C by a di-
rect and selective homogenous method (Pars
Azmoon).

Serum apolipoprotein A1 and apolipoprotein
B were measured by using immunoturbidimet-
ric method (Pars Azmoon). The levels of plas-
ma cholesterol and triglyceride were deter-
mined using enzymatic method.HDL and LDL
cholesterol were measured directly with HDL-
C and LDL-C diagnostic kits (Pars Azmoon) .

All values were expressed as the mean±SD, and
one-way analysis of variance (ANOVA) were
used to compare mean values among groups.A
statistically significant difference was defined
as p<0.05. The linear regression analysis and
Pearson correlation coefficient were used to as-
sess correlation between two parameters.

Results
As shown in Table 1, there was not any sig-

nificant difference in LDL-C and cholesterol
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levels among the three groups. Serum triglyc-
eride level was higher and  HDL-C lower in pa-
tients with coronary stenosis.

The small dense LDL levels and sdLDL
/LDL ratio were significantly higher in patients
with coronary artery stenosis (p<0.05) (Table
2). In addition, patients with coronary artery
stenosis had higher apoB and apoB/ apoA1 ra-
tio than two other groups. However, they had
lower value of apoA1.

The results show that the level of sdLDL was
higher in females than males (23.15±6.48 ver-
sus 20.2±6.67 mg/dL, p<0.05) but they also had
higher triglyceride. SdLDL levels were posi-
tively correlated with the level of apoB (r=
0.598, p=0.001), triglyceride (r=0.494, p=
0.001), LDL-C (r=0.749, p=0.001) and total
cholesterol (r= 0.354, p=0.001) and were in-
versely correlated with the level of  HDL-C (r=
- 0.585, p=0.001), but not with apoA1 (r=0.073,
p=0.369) (Fig.1).                      

It was also found out that small dense LDL
had a positive correlation with apoB/apoA1 ra-
tio (r=0.416, p= 0.001). 

Discussion
In the current study we report the association

between serum small dense LDL concentration
and coronary artery stenosis. We also report the
association between apoB and apoB/apoA1
levels and coronary stenosis. In this study, pa-
tients with coronary stenosis had increased lev-
els of triglyceride and reduced levels of HDL-
C. There was not any significant difference in
LDL-C levels among three groups. Griffen et al
indicated that the elevated level of LDL up to a
triglyceride value of 1.5 mmol/l was because of
an increase in the bouyant subclass. Above 1.5
mmol/l, small dense LDL was shown to in-
crease significantly, while the concentration of
the large and buoyant LDL dropped, resulting
in decrease of total LDL [16].

We showed that small dense LDL was signif-
icantly higher in patients with coronary steno-
sis. In addition patients had higher ratios of
sdLDL/LDL.Our findings are in agreement
with Hiranos [17] and Nozues [18] findings.
Perviously,it was demonstrated that patients
with CAD had smaller LDL particles [19]. In
this study LDL cholesterol had a positive asso-
ciation and HDL cholesterol had a negative as-
sociation with sdLDL. Since LDL and HDL
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Table1. Baseline Characteristics of the subjects.

Table 2. Small dense LDL and apolipoprotein in subjects. 

without stenosis with stenosis
n=35



cholesterol are considered as major risk factors
for CAD, sdLDL could be considered as a
marker for coronary stenosis. Although females
are supposed to have lower levels of sdLDLdue
to lower levels of hepatic lipase activity in fe-
males [20], our results showed that sdLDL val-
ue was higher in females than males .Females
also had higher levels of triglyceride ,a signifi-
cant determinant of sdLDL. Therefore, the gen-

der difference of sdLDL disappeared after ad-
justment for triglyceride.

Data on metabolic and functional properties
of lipoproteins suggest that apoB and apoA1
may be a better predictors of CAD than LDL
and HDLcholesterols. ApoB is found in VLDL,
LDL, IDL and LPa (lipoprotein (a)) and apoA1
is found in HDL [21]. 

We showed that patients with coronary
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Fig. 1.Correlation between small dense LDL and serum LDL-C , HDL-C ,  cholesterol , triglyceride, apoA1 and apoB in
all samples(P<0.001).



stenosis had elevated levels of apoB and de-
creased levels of apoA1. Surely, they had high-
er value of  apoB/apoA1 ratio. Several studies
have shown that apoB/apoA1 ratio is a suitable
risk factor for CAD [13,14]. Furthermore Dun-
der ,et al showed that apoB/apoA1 ratio is a
good predictor for the risk of myocardial infrac-
tion [22].

In this study small dense LDL had a positive
correlation with serum triglyceride. The pres-
ence of this correlation was reported in some
case-control studies [15,17]. In this study
serum triglyceride levels were high in patients
with coronary stenosis. The key abnormality
leading to the generation of sdLDL is the devel-
opment of mild to moderate hyper-
trigliceridemia. Overproduction of VLDL1 in
the liver and its defective clearance from the
circulation is leading to accumulation of
VLDL1. Low lipoprotein lipase activity or an
excess of apoCIII (an inhibitor of lipoprotein li-
pase) can reduce the efficient of VLDL1. Lipol-
ysis of VLDL1 increases the level of sdLDL
[2].

The result of the current study showed that
small dense LDL values were positively corre-
lated with serum apoB levels. Additionally,
sdLDL had a positive association with
apoB/apoA1 ratio. Hirano,et al found a very
strong correlation between sdLDL-C and
sdLDL-apoB and also a significant association
between sdLDL-C and serum apoB (15).There-
fore, the presence of hyper apoB may identify
patients with coronary stenosis with high small
dense LDL-C levels.

In summary, increased levels of triglyceride
is a major reason for the small dense LDL pro-
duction. Therefore, we should pay more atten-
tion to triglyceride than cholesterol. In addition,
since LDL cholesterol is often have normal
range in CAD patients [6], the sdLDL could be
a better risk factor for CAD. 

In conclusion, this study confirmed that pa-
tients with coronary stenosis had increased val-
ues of small dense LDL. Furthermore they had

significant increased levels of apoB and
apoB/apoA1 ratio.

Acknowledgment
The authors thank the staff of the Cellular and Molecu-

lar Research Center of Iran University of Medical Sci-
ences and Mr. M. Noroozi.

References
1. Stamler J, Stamler R, Brown WV, Gotto AM,

Greenland P, Grundy S, et al. Serum cholesterol. Doing
the right thing. Circulation 1993;88:1954-1960.

2. Packard CJ. Triacylglycerol-rich lipoproteins and
the generation of small, dense low density lipoprotein.
Biochemical society 2003;31:1066-1069.

3. Berneis K,Rizzo M. LDLsize: does it matter ? Swiss
Med Wkly 2004; 134: 720-724.

4. Austi MAJL, Breslow GH, Hennekens JE, Buring
WC,  Krauss RM. Low-density lipoprotein subclass pat-
terns and risk of myocardial infraction. JAMA1988. 260:
1917-1921.

5. Austin MA, King MC, Viranizan KM, Kruass RM.
Atherogenic lipoprotein phenotype:a proposed genetic
marker for coronary heart disease risk. Circulation 1990:
82:495-506.

6. Austin MA. Hokanson JE, Brunzel JD. Charactriza-
tion of Low-density lipoprotein subclass :methodologic
approaches. Curr Opin Lipidol 1994; 5:395-403.

7. Wallenfeldt K, Bokemark L,Wikstrand J, et al.
Apolipoprotein B/A polipoprotein A1 in relation to the
metabolic syndrome and change in carotid artery intima-
media thickness during 3 years in middle-aged men.
Stroke 2004; 35:2248-2242.

8. Wallidus G, Jungner I. Apolipoprotein B and
apolipoprotein A1: risk indicators of coronary heart dis-
ease and targets for lipid-modifying therapy. J Intern
Med 2004;225:188-205.

9. Lamarche B, Tchernof A, Moorjani S, Cantin B, Da-
genais GR, Lupien PJ, et al. Small dense low-density
lipoprotein particles as apredictors of the risk of ischemic
heart disease in men. Prospective results from the
Québec Cardiovascular Study. Circulation 1997; 95:69-
75.

10. Lee JY, Parks JS. ATP-binding casset transporter
A1and its role in HDL formation. Curr Opin Lipidol
2005;16:19-25.

11. Fielding  CJ, Shore VG, Fielding PE. Lecithin cho-

Association between sdLDL ...

12 MJIRI.Vol. 23, No. 1, May, 2009. pp. 8-13.



lesterol acyltransferase: effects of substrate composition
upon enzyme activity. Biochim Biophy Acta 1972;
270:513-518.

12. Navab M, Hama SY, Anantharamaiah GM, Hassan
K, Houph GP, Watson AD, et al. Normal high density
lipoprotein inhibits three steps in the formation of mildy
oxidized low density lipoprotein: steps 2 and 3.J Lipid
Res 2000;41:1495-1508.

13. Wallidus G, Jungner I, Holme I, Astveit AH, Kolar
W, Steiner E. High alipoprotein B ,low apolipoprotein
A1, and improvement in the production of the fatal my-
ocardial infraction (AMORIS study):a prospective study.
Lancet 2001;358:2026-2033.

14. Interheart study Investigators. Effect of potentially
modifiable risk factors associated with the myocardial
infraction in 52 countries (the Interheart study):case-con-
trol study. Lancet 2004;364:937-952.

15. Hirano T, Ito Y, Saegusa H, Yoshino G. Anovel and
simple method for quantification of small dense low-
density lipoprotein. J Lipid Res 2003.44:2193-2201.

16. Griffen BA, Freeman DJ, Tait GW, Thamson J,
Caslake MJ, Packard CJ, et al. Role of plasma triglyc-
eride in the regulation of plasma low density lipoprotein
(LDL) subfractions: relative contribution of small, dense
LDL to coronary heart disease risk. Atherosclerosis
1994. 106:241-253.

17. Hirano T, Ito Y, Koba S, Toyoda M, Ikejiri A, Sae-
gusa H, et al. Clinical significance of small dense low-
density lipoprotein cholesterol levels determined by the
simple precipitation method. Arterioscler thromb Vasc
Biol 2004; 24:558-563.

18. Nozue T, Michishita I, Ishibashi Y, Ito S, Iwaki T,
Mizuguchi I, et al. Small dense low-density lipoprotein
cholesterol is a usful marker of Metabolic Syndromein
patients with Coronary Artery Disease. J Atheroscler
Thromb 2004;14:202-207.

19. Kwon SW, Yoon SJ, Kang TS, Kwon HM, Kim JH,
Rhee J, et al. Significance of small dense low-density
lipoprotein as a risk factor for coronary artery disease and
acute coronary syndrome. Yonsei Med J 2006.47(3):405-
414.

20. Griffen BA. Low-density lipoprotein subclasses:
mechanism of formation and modulation. Nutrition Soci-
ety1997; 56:693-702.

21. Srinivasan SR, Berenson G. Apolipoproteins B
and A-1 as predictors of risk of coronary artery disease.
Lancet 2001. 358:2012-2013.

22. Dunder K, Lind L, Zethelius B, Berglund L, Lithel
H. Evaluation of a scoring scheme, including proinsulin
and the apolipoprotein B /apolipoprotein A1 ratio ,for the
risk of acute coronary events in middle aged men: Upp-
sala longitudinal study of adult men(ULSAM).Am Heart
J 2004. 148:596-601. 

L. Hosseini, et al.

13MJIRI.Vol. 23, No. 1, May, 2009. pp. 8-13.


