
FARMACIA, 2016, Vol. 64, 2 

 294 

ORIGINAL ARTICLE 

SMALL LDL: A HELPFUL PARTICLE IN MONITORING PATIENTS 
WITH METABOLIC SYNDROME 
 
DANIELA CRISTINA DIMITRIU1#, CORNELIA MIRCEA2#*, CĂTĂLIN PRICOP1,3#, OVIDIU 
MITU1,4#, RALUCA STĂNESCU1#, MONICA HĂNCIANU2#, ELENA PETRESCU-DĂNILĂ1# 

 
1“Grigore T. Popa” University of Medicine and Pharmacy, Faculty of Medicine, 16 Universităţii Street, 700115, Iași, 
Romania 
2“Grigore T. Popa” University of Medicine and Pharmacy, Faculty of Pharmacy, 16 Universităţii Street, 700115, Iași, 
Romania 
3“C. I. Parhon” Hospital, 50 Carol I Boulevard, 700503, Iași, Romania 
4“Sf. Spiridon” Clinical Emergency Hospital, 1 Independenţei Boulevard, 700111, Iași, Romania 
 
*corresponding author: corneliamircea@yahoo.com 
#All authors contributed equally to this work. 

Manuscript received: September 2015 
 
Abstract 

Patients with metabolic syndrome have a higher risk of cardiovascular events than healthy subjects. Many studies proved that 
plasma lipoprotein levels represent predictive factors for coronary disease. Among lipoproteins, small low density 
lipoproteins (sLDL) particles have the highest atherogenic potential. For patients with metabolic syndrome, levels of plasma 
sLDL, as compared to other lipid markers that constitute cardiovascular risk factors, and correlated with carotid artery 
intima-media thickness (IMT) measured by ultrasound imaging, may represent useful markers for medical and 
pharmaceutical practice. 
 
Rezumat 

Subiecții care prezintă sindrom metabolic sunt mult mai expuşi la dezvoltarea de accidente şi evenimente cardiovasculare 
decât subiecții care nu prezintă acest sindrom. Numeroase studii au arătat că nivelurile lipoproteinelor plasmatice sunt factori 
predictivi importanți pentru riscul de boală coronariană, dar dintre aceste fracțiuni particulele de sLDL (lipoproteine cu 
densitate joasă, de dimensiuni mici) prezintă cel mai înalt grad de aterogenitate. Evaluarea nivelurilor serice ale sLDL 
comparativ cu ceilalți markeri lipidici favorizanți ai bolii cardiovasculare, alături de modificările de la nivel cardiac evaluate 
prin ecocardiografie, pot constitui markeri utili, atât pentru practica medicală, dar şi farmaceutică, în cazul pacienților cu 
sindrom cardiometabolic. 
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Introduction 

Metabolic syndrome is represented by a cluster of 
cardiovascular risk factors that can cause the onset 
and development of atherosclerotic plaque, leading 
to an increased morbidity and mortality due to 
cardiovascular events [2]. Atherosclerosis is a 
degenerative process of the arterial wall, which 
results into alterations of elastic fibres and 
replacement with collagen fibres (sclerosis), along 
with cholesterol deposit and calcification, leading to 
formation of plaques. The process is asymptomatic 
for a long time, most patients being diagnosed in 
the late stages, when clinical symptoms set in [11]. 
The hypothesis that subjects with metabolic 
syndrome have a higher risk of cardiovascular 
disease has been confirmed by many analyses. 
Dyslipidaemia represents the main atherogenic 
factor; patients with metabolic syndrome develop 
an association of high levels of low density 

lipoproteins (LDL) and triglycerides, combined 
with low levels of high density lipoproteins (HDL) 
[6, 7, 12]. Although all LDL particles are considered 
to have atherogenic potential, sLDL is associated 
with the highest cardiovascular risk [13]. The aim 
of our study was to evaluate the sLDL levels among 
the other lipoprotein subclasses, and correlate them 
with carotid intima-media thickness, in order to 
assess the risk of coronary heart disease in patients 
with metabolic syndrome. 
 
Materials and Methods 

The study was conducted between 01.04.2014 and 
01.03.2015 on 102 patients (72 men and 30 women) 
with metabolic syndrome, diagnosed according to 
National Cholesterol Education Program, Adult 
Treatment Panel III (NCEP ATP III) criteria. The 
patients that were included in the study presented 
changes only for the lipid parameters values, the 
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glycemia levels being in the normal range. The test 
panel included biochemical markers of lipid profile: 
triglycerides (TG), total cholesterol, HDL-cholesterol, 
LDL-cholesterol, sLDL. Blood samples were collected; 
serum was separated after blood centrifugation at 
4000 g for 15 minutes. Triglycerides and total 
cholesterol concentrations were assessed using 
spectrophotometric enzymatic methods [3, 15]. 
HDL-cholesterol was assessed after the precipitation 
of chylomicrons, VLDL (very low density lipoproteins) 
and LDL with phosphotungstic acid and MgCl2, 
followed by determination of HDL-cholesterol in 
the supernatant. LDL-cholesterol concentration was 
measured using a direct colorimetric enzymatic 
method, which implied micellar solubilisation of 
LDL-cholesterol by a non-ionic detergent and 
interaction between lipoproteins (VLDL and 
chylomicrons) and a polysaccharide compound. 
The method fulfils the NCEP (National Cholesterol 
Education Program) requirement of total analytical 
error ≤ 12% [10]. sLDL fraction concentration was 
measured using a “two step” method, with surfactant 
and specific enzymes. The determinations were 
performed on a RX-Imola automatic analyser, using 
RANDOX kits with calibrators and control sera 
included. The carotid ultrasound examination was 
performed by a sonographer, using an ESAOTE 
MyLab50 with 2.5/3.5 MHz probe. The quantification 
of the atherosclerotic process was made measuring 
the ejection fraction (LVEF), of the left ventricle mass 
(LVM) and aortic atheroma. Statistical analyses 
were performed using SPSS/ v. 20, (t-Student test, 
Mann-Whitney U test). 

The research has been conducted with the approval 
of the Ethics Committee of the University of 
Medicine and Pharmacy “Grigore T. Popa” Iaşi and 
in accordance to the European Communities 
Council Directive 86/609/EEC, with the informed 
consent of the patients. 
 
Results and Discussion 

The descriptive statistics bring the following 
results: out of the 102 analysed patients, 72 
(70.58%) were male, 30 (29.41%) were female and 
the mean age was 49.10 ± 12.45 years. The average 
values along with standard deviation for age, lipid 
profile (cholesterol, LDL, sLDL, HDL, TG, LDL/HDL 
ratio) and cardiac function parameters (left ventricular 
ejection fraction - LVEF and left ventricular mass - 
LVM) by sex are shown in Table I. The variation of 
lipid parameters is depicted in Figure 1. The 
evaluation of the lipid parameters was performed in 
relation to the reference ranges for the age groups 
that were included in the study. 

 

 
Figure 1. 

The variation of the lipidic profile 
 

Table I 
Mean values of the studied parameters 

Parameter 
Groups 

Men 
(mean ± standard deviation) 

Women 
(mean ± standard deviation) 

Age (years) 48.056 ± 15.615 52.115 ± 11.582 
Cholesterol (mg/dL) 248.842 ± 67.894 251.963 ± 54.665 
HDL (mg/dL) 50.505 ± 7.759 45.367 ± 12.896 
LDL (mg/dL) 165.789 ± 55.090 156.913 ± 51.197 
sLDL (mg/dL) 61.558 ± 26.805 65.856 ± 28.612 
Triglycerides (mg/dL) 344.210 ± 239.970 426.993 ± 254.041 
LDL/HDL ratio 3.239 ± 0.861 3.581 ± 1.1929 
LVEF (%) 65.500 ± 6.833 60.230 ± 10.497 
LVM (g) 216.333 ± 57.109 271.760 ± 80.684 

 
The statistical analysis by Student t-test did not 
shown significant statistical differences between the 
up-mentioned parameters by sex groups, while a 
positive Pearson correlation was obtained by 
comparing male and female gender. The statistical 
analysis revealed that 68.4% of the patients 
presented left ventricular dysfunction assessed by 
cardiac echocardiography while the majority of 
subjects (94.7%) had aortic atheromatosis. The total 

cholesterol values had positive and significant 
correlations with HDL, LDL and sLDL, while LDL 
correlated with HDL, sLDL, respectively HDL/LDL 
ratio. The triglycerides levels presented positive 
associations with the left ventricular ejection 
fraction and high sLDL values. The following 
correlations have been obtained: HDL-cholesterol 
(r = 0.587, p = 0.008), LDL-cholesterol (r = 0.782, 
p < 0.001), sLDL-cholesterol (r = 0.845, p < 0.001), 
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LDL-HDL (r = 0.512, p = 0.025), LDL-sLDL 
(r = 0.711, p = 0.001), LDL - HDL/LDL ratio 
(r = 0.480, p = 0.038), sLDL-triglycerides (r = 0.28, 
p = 0.01), triglycerides-left ventricular ejection 

fraction (r = 0.490, p = 0.033). T-test statistical 
differences have been statistically significant 
(p < 0.001), considering sLDL values compared to 
LDL, cholesterol and triglycerides (Tabel II). 

Table II 
Pearson correlation 

 age COL HDL LDL sLDL TG HDL/LDL 
ratio 

LVEF 
(%) 

LVM (g) 

Age Pearson Correlation 1 -0.547* 0.204 -0.185 -0.644** -0.638** -0.324 -0.579* 0.402 

Sig. (2-tailed)  0.023 0.433 0.477 0.005 0.006 0.204 0.015 0.110 

COL Pearson Correlation 
-0.547* 1 0.587** 0.782** 0.845** 0.076 0.217 0.099 -0.128 

Sig. (2-tailed) 0.023  0.008 0.000 0.000 0.758 0.373 0.688 0.601 

HDL Pearson Correlation 
0.204 0.587** 1 0.512* 0.333 -0.310 -0.418 -0.349 0.194 

Sig. (2-tailed) 0.433 0.008  0.025 0.163 0.196 0.075 0.143 0.425 

LDL Pearson Correlation 
-0.185 0.782** 0.512* 1 0.711** -0.040 0.480* -0.199 0.066 

Sig. (2-tailed) 0.477 0.000 0.025  0.001 0.871 0.038 0.415 0.788 

sLDL Pearson Correlation 
-0.644** 0.845** 0.333 0.711** 1 0.090 0.300 0.197 -0.118 

Sig. (2-tailed) 0.005 0.000 0.163 0.001  0.713 0.212 0.420 0.629 

TG Pearson Correlation 
-0.638** 0.076 -0.310 -0.040 0.090 1 0.273 0.490* -0.228 

Sig. (2-tailed) 0.006 0.758 0.196 0.871 0.713  0.258 0.033 0.349 

HDL/LDL 
ratio 

Pearson Correlation 
-0.324 0.217 -0.418 0.480* 0.300 0.273 1 0.169 -0.244 

Sig. (2-tailed) 0.204 0.373 0.075 0.038 0.212 0.258  0.488 0.314 

LVEF (%) Pearson Correlation 
-0.579* 0.099 -0.349 -0.199 0.197 0.490* 0.169 1 -0.386 

Sig. (2-tailed) 0.015 0.688 0.143 0.415 0.420 0.033 0.488  0.102 

LVM (g) Pearson Correlation 
0.402 -0.128 0.194 0.066 -0.118 -0.228 -0.244 -0.386 1 

Sig. (2-tailed) 0.110 0.601 0.425 0.788 0.629 0.349 0.314 0.102  
* Correlation is significant at the 0.05 level (2-tailed). 
** Correlation is significant at the 0.01 level (2-tailed). 
 

 
Figure 2. 

sLDL variation according to gender 
 
Mann-Whitney U test showed a significant 
correlation between age (57.41 ± 20 years) and left 
ventricular dysfunction (p = 0.027) as well as 

between sLDL (47.18 ± 10.16 mg/dL) and gender 
(p = 0.029) (Figure 2). 
The correlations between age and ventricular 
dysfunction, as well as between ventricular 
dysfunction and sLDL levels [1], suggest that 
elevated levels of sLDL contribute to the onset of 
cardiac disease. Our data are consistent with the 
Hulthe J 2000 study [8], which stated that patients 
with risk factors for metabolic syndrome had a 
higher concentration of sLDL and a higher value 
for intima-media thickness of the carotid and 
femoral artery. sLDL levels increase in parallel 
with visceral adiposity and TG levels [14], but 
independent of age and other lipid parameters. The 
presence of atherosclerotic plaques in 94.7% 
patients, including some with normal HDL-
cholesterol or LDL-cholesterol levels, but with 
increased sLDL fraction, proves the importance of 
sLDL evaluation in order to identify subclinical 
atherosclerosis [5]. Metabolic syndrome correlates 
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best with sLDL values, especially in female 
patients, our data being consistent with data 
reported in literature [4]. Among all measured lipid 
markers, the correlation of age with sLDL values in 
patients with metabolic syndrome, especially in 
young subjects, could be a useful predictive factor 
in monitoring patients with cardiovascular risk. The 
atherogenic potential of sLDL particles is due to 
their ability to penetrate the arterial wall [9], low 
affinity for LDL receptor, increased plasma half-
life and high susceptibility to glycation and 
oxidative stress [16]. 
 
Conclusions 

Our results show that sLDL could be a valuable 
marker for the risk of coronary heart disease, better 
than the LDL levels, in patients with metabolic 
syndrome. The value of this marker is increased and 
statistically correlated with age and triglycerides 
levels. sLDL can bring its contribution not only in 
the evaluation of atherosclerosis risks, but also in 
the therapy individualization and monitoring. 
 
Acknowledgements 

This research was financially supported by the 
grant 29232/2013 of “Grigore T. Popa” University 
of Medicine and Pharmacy, Iași, Romania. 
 
References 

1. Bartoș D., Diaconu C., Bădilă E., Daraban A.M., 
Old and new in lipid lowering therapy: focus on the 
emerging drugs. Farmacia, 2014; 62(5): 811-823. 

2. Cefalu W.T., Cannon C.P., Atlas of Cardio-
metabolic Risk. CRC Press Taylor&Francis Group 
Informa Healthcare, Boca Raton, 2007. 

3. Fossati P., Prencipe L., Serum triglycerides determined 
colorimetrically with an enzyme that produces 
hydrogen peroxide. Clin. Chem., 1982, 28: 2077-2080. 

4. Gentile M., Panico S., Jossa F., Mattiello A., Ubaldi 
S., Marotta G., Pauciullo P., Rubba P., Small dense 
LDL particles and metabolic syndrome in a sample 
of middle-aged women. Findings from Progetto 
Atena. Clin. Chim. Acta, 2008; 388(1-2): 179-183. 

5. Gentile M., Panico S., Mattiello A., Ubaldi S., 
Iannuzzo G., De Michele M., Iannuzzi A., Rubba 
P., Association between small dense LDL and early 

atherosclerosis in a sample of menopausal women. 
Clin. Chim. Acta, 2013; 426: 1-5. 

6. Ghibu S., Ilie I., Mureşan A., Mogoşan C., Perspectives 
in the experimental study of the metabolic 
syndrome. Farmacia, 2015; 63(4): 482-486. 

7. Hirayama S., Miida T., Small dense LDL: An 
emerging risk factor for cardiovascular disease. 
Clin. Chim. Acta, 2012; 414: 215-224. 

8. Hulthe J., Bokemark L., Wikstrand J., Fagerberg 
B., The metabolic syndrome, LDL particle size, and 
atherosclerosis: the Atherosclerosis and Insulin 
Resistance (AIR) study. Arterioscler. Thromb. 
Vasc. Biol., 2000; 20(9): 2140-2147. 

9. Manjunath C.N., Rawal J.R., Irani P.M., Madhu K., 
Atherogenic dyslipidemia. Indian J. Endocrinol. 
Metab., 2013; 17(6): 969-976. 

10. Martin S.S., Blaha M.J., Elshazly M.B., Brinton 
E.A., Toth P.P., McEvoy J.W., Joshi P.H., Kulkarni 
K.R., Mize P.D., Kwiterovich P.O., DeFilippis A.P., 
Blumenthal R.S., Jones SR., Friedewald-estimated 
versus directly measured low-density lipoprotein 
cholesterol and treatment implications. L. Am. Coll. 
Cardiol., 2013; 62(8): 732-739. 

11. Nambi V., Chambless L., Folsom A.R., Carotid 
intima-media thickness and presence or absence of 
plaque improves prediction of coronary heart 
disease risk: The ARIC (Atheroscelosis Risk in 
Communities) Study. J. Am. Coll. Cardiol., 2010; 
55: 1608-1610. 

12. Nikolic D., Katsiki N., Montalto G., Isenovic E.R., 
Mikhailidis D.P., Rizzo M., Lipoprotein 
subfractions in metabolic syndrome and obesity: 
clinical significance and therapeutic approaches. 
Nutrients, 2013; 5(3): 928-948. 

13. Packard C., Caslake M., Shepard J., The role of 
small dense low lipoproteine: a new look. Int. J. 
Cardiol., 2000; 74(Suppl 1): S17-22. 

14. Srisawasdi P., Vanavanan S., Rochanawutanon M., 
Kruthkul K., Kotani K., Kroll M.H., Small-dense 
LDL/large-buoyant LDL ratio associates with the 
metabolic syndrome. Clin. Biochem., 2015; 48(7-
8): 495-502. 

15. Trinder P., Determination of glucose in blood using 
glucose oxidase with an alternative oxygen acceptor. 
Ann. Clin. Biochem., 1969; 6: 27-29. 

16. Younis N., Charlton-Menys V., Sharma R., Soran H., 
Durrington P.N., Glycation of sLDL in non-
diabetic people: Small dense LDL is preferentially 
glycated both in vivo and in vitro. Atherosclerosis, 
2009; 202(1): 162-168. 

 
 
 


