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Abstract:

The complex of serum amyloid A (SAA) and low-density lipoprotein (LDL), SAA-LDL, is considered a new and unique marker of

oxidatively-modified LDL particles, which is associated with atherosclerotic conditions. This study investigated the influence of

atorvastatin treatment on circulating SAA-LDL levels among asymptomatic hypercholesterolemic patients. A total of 26 patients

(mean age 63 years) received 10 mg/daily atorvastatin during a 12-week treatment period. The levels of LDL cholesterol and

SAA-LDL, but not high-sensitivity C-reactive protein and SAA, were significantly reduced after the treatment. Stepwise adjusted

regression analyses revealed that changes of SAA-LDL were significantly and positively correlated with those of SAA, while abso-

lute changes were small, which warrants further investigation. The results suggest that atorvastatin may beneficially reduce

SAA-LDL, and SAA-LDL may be a sensitive measure for monitoring the efficacy and antioxidant functions of atorvastatin.
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Abbreviations: BMI – body mass index, CRP – C-reactive

protein, CVD – cardiovascular disease, ELISA – enzyme-

linked immunosorbent assay, HDL-C – high-density lipopro-

tein cholesterol, hsCRP – high-sensitivity C-reactive protein,

LDL – low-density lipoprotein, LDL-C – low-density lipopro-

tein cholesterol, MBP – mean blood pressure, oxLDL – oxi-

dized LDL, SAA – serum amyloid A, TG – triglycerides

Introduction

High levels of circulating low-density lipoprotein (LDL)

cholesterol (LDL-C) are a major risk factor associated

with atherosclerosis complications such as cardiovas-

cular disease (CVD). Statins, 3-hydroxy-3-methyl

glutaryl coenzyme A reductase inhibitors, are known

to reduce LDL-C concentrations [1, 2]. Atorvastatin is

one of the most widely used statins in the primary and

secondary prevention of CVD [1, 2]. The benefit of

statin therapy is related not only to its lipid-lowering

but also its anti-inflammatory and antioxidant proper-

ties (leading to enhanced endothelial function and re-

duced plaque burden). These pleiotropic effects that

are independent of LDL-C-lowering action have

drawn recently special attention [5, 7, 8].

Oxidized LDL (oxLDL) and chronic low-grade in-

flammation are both involved in atherosclerotic pro-

212 Pharmacological Reports, 2012, 64, 212�216

Pharmacological Reports
2012, 64, 212�216
ISSN 1734-1140

Copyright © 2012
by Institute of Pharmacology
Polish Academy of Sciences



cesses, and are considered as new markers to evaluate

CVD risks [4, 9 , 13]. There have been limited clinical

studies using oxLDL-related markers in hyperlipi-

demic patients under atorvastatin therapy [11, 14, 15,

18]. A few studies have reported a significant reduc-

tion of circulating malondialdehyde-modified LDL

level and the endothelium-dependent relaxation abil-

ity of in vitro oxLDL [11, 14, 18]. In contrast, one re-

port has shown no significant changes of circulating

oxLDL as detected by a monoclonal antibody 4E6

[15]. These inconsistent results between the studies

may be, at least in part, due to the markers used to ob-

serve oxLDL levels. Also, some clinical studies using

chronic inflammatory markers such as C-reactive pro-

tein (CRP) and serum amyloid A (SAA) have reported

a significant reduction of circulating CRP and SAA

levels in hyperlipidemic patients treated with atorvas-

tatin [17], as well as a significant reduction of CRP in

patients with or at risk for coronary heart disease un-

der atorvastatin therapy [10, 12]. However, one report

has shown that the patients with relatively low CRP

levels can show no changes of the levels with treat-

ment [10]. The usefulness of these inflammatory

markers in clinical management of CVD risks re-

mains, thus, debatable, and more studies on changes

of inflammatory markers by atorvastatin therapy are

necessary. Furthermore, while inflammation and oxi-

dative stress can commonly coexist, the interrelation-

ship between changes of oxLDL and inflammatory

markers by atorvastatin therapy has yet to be fully ex-

amined [15].

SAA can be distributed not only in high-density

lipoprotein (HDL) but also LDL particles, and its

transfer to LDL particles is enhanced in certain condi-

tions (i.e., oxidative milieu) [6]. A complex of SAA

with LDL is formed by an oxidative interaction be-

tween SAA and LDL, for instance catalyzed by chlo-

rinating agents and reactive oxygen species produced

by neutrophils and macrophages [6]. Circulating

SAA-LDL may arise from SAA attachment to LDL in

the arterial sub-intimal space and/or partially in the

circulation; thus, the SAA-LDL is considered a new

and unique marker of oxidatively-modified LDL par-

ticles [6]. In fact, increased circulating levels of

SAA-LDL seen in subjects with obesity-related meta-

bolic disorders, are associated with CRP and SAA

levels, and may be predictive of the development of

CVD [6]. To date, there are no reports that examine

SAA-LDL levels in hyperlipidemic patients treated

with atorvastatin. Therefore, the aim of the present

study was to investigate the influence of atorvastatin

treatment on SAA-LDL, and its associations with

CRP and SAA levels, in asymptomatic hypercholes-

terolemic patients.

Subjects and Methods

The study included 26 hypercholesterolemic patients

with serum LDL-C concentrations of ³ 3.64 mmol/l

(male/female = 9/17; mean age = 63 ± 11 years), who

received 10 mg/daily atorvastatin during a 12-week

treatment period. The inclusion criteria were: adult

men and post-menopausal women, non-smokers,

under hypercholesterolemic conditions where ator-

vastatin was basically needed, and not receiving any

other lipid-lowering, anti-hypertensive, anti-diabetic

or anti-inflammatory drugs. The exclusion criteria

were a poor glycemic control, a history of clinically-

overt CVD, thyroid, kidney or liver disease, drug or

alcohol abuse, and a history of serious adverse drug

reactions including drug hypersensitivity. The study

was approved by the Institutional Ethics Committee,

and each subject gave informed consent.

After an overnight fast, both in the pre- and post-

treatment phases of this study, traditional atheroscle-

rotic risk markers were measured, such as body mass

index (BMI), mean blood pressure (MBP, calculated

according to the following equation: diastolic blood

pressure plus [systolic minus diastolic blood pres-

sure]/3), plasma glucose and serum lipids (LDL-C,

triglycerides [TG] and HDL cholesterol [HDL-C]).

Glucose and lipids were determined by standard enzy-

matic methods. Serum high sensitive CRP (hsCRP)

was measured using an enzyme-linked immuno-

sorbent assay (ELISA) method (AssayPro, Ltd., MO,

USA), and SAA was measured using a latex aggluti-

nation immunoassay method (Eiken Chemical, Co.

Ltd., Tokyo, Japan). Serum SAA-LDL levels were de-

termined using an ELISA method, as described previ-

ously [6]. A polyanion solution containing dextran

sulfate was added to fresh serum samples. The sam-

ples were incubated on an anti-SAA-specific anti-

body-coated microtiter plate, and subsequently immo-

bilized overnight at 4°C. After washing the plate,

a biotinylated Fab’ apolipoprotein-B antibody was

added to the plate as a capture antibody. Peroxidase-
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labeled avidin was then added to the plate. After add-

ing peroxidase substrate, the absorbance was meas-

ured in terms of the difference in optical absorbance

between 450 and 620 nm. The reference curves were

constructed by plotting the known concentration of

SAA-LDL standards vs. absorbance. The intra- and

inter-assay coefficients of variation were 2.6% and

5.0% at low concentrations of SAA-LDL and 4.7%

and 6.7% at high concentrations of SAA-LDL, re-

spectively.

Data were expressed as the mean ± standard devia-

tion or median plus interquartile range. Paired t-test

was used to compare the pre- and post-treatment lev-

els of respective markers. Simple correlation analysis

(Pearson’s test) and stepwise multiple linear regres-

sion analysis, adjusted for age, gender and all the

measured markers (with F for the entry set to 2), were

used to observe the correlations between changes in

the respective markers’ levels (D: post- minus pre-

data). TG, hsCRP, SAA and SAA-LDL values were

log-transformed because of their skewed distribution;

p < 0.05 was considered significant.

Results

During the treatment period, the levels of MBP,

LDL-C and SAA-LDL were significantly reduced

(Tab. 1). On the other hand, there were small changes

in the other atherosclerotic risk markers including

hsCRP and SAA.

Simple correlation analysis for DSAA-LDL levels

revealed r-coefficients (p-value) of the other meas-

ured variable levels as follows: age 0.01 (0.98); male

gender 0.17 (0.40); DBMI 0.14 (0.50); DMBP 0.24

(0.25); DLDL-C 0.04 (0.86); DHDL-C -0.24 (0.24);

DTG 0.31 (0.12); Dglucose 0.22 (0.29); Dhs-CRP 0.17

(0.42); DSAA 0.39 (0.05). There was also a signifi-

cant positive correlation between Dhs-CRP and DSAA

levels (0.60, p < 0.001). Subsequently, stepwise mul-

tiple linear regression analysis revealed an independ-

ent significant and positive correlation between

DSAA-LDL and DSAA levels (b-coefficient: 0.38, p-

value: 0.047), while DTG was extracted as a posi-

tively but non-significantly correlated variable for

DSAA-LDL (b-coefficient: 0.30, p-value: 0.11).

Discussion

The new finding of the present study is a significant

reduction of SAA-LDL levels, despite weak changes

of hsCRP and SAA, during a period of atorvastatin

treatment on hypercholesterolemic patients. The find-

ing of a reduction of SAA-LDL in patients under ator-

vastatin treatment seems to be in line with prior stud-

ies reporting the reduction of other oxLDL markers

with atorvastatin therapy, indicating the beneficial in-
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Tab. 1. Comparison of measured markers at the pre- and post-treatment

Markers Pre-levels Post-levels p-value

Body mass index, kg/m2 26.0 ± 4.7 25.8 ± 4.7 0.14

Mean blood pressure, mmHg 94.3 ± 11.4 91.3 ± 9.8 0.03*

LDL cholesterol, mmol/l 4.03 ± 0.35 2.55 ± 0.57 < 0.001**

HDL cholesterol, mmol/l 1.46 ± 0.39 1.48 ± 0.36 0.52

Triglycerides, mmol/l 1.37 (0.94–1.85) 1.17 (0.92–1.53) 0.08

Fasting plasma glucose, mmol/l 6.12 ± 1.24 6.15 ± 1.17 0.82

hsCRP, mg/dl 0.05 (0.04–0.11) 0.05 (0.03–0.09) 0.10

SAA, µg/ml 5.8 (3.9–10.3) 5.1 (3.1–8.5) 0.23

SAA-LDL, unit 12 (10–20) 7 (6–13) < 0.001**

LDL: low-density lipoprotein, HDL: high-density lipoprotein, hsCRP: high-sensitivity C-reactive protein, SAA: serum amyloid. Data are shown as
the mean ± standard deviation or median (interquartile range). Paired t-test was used for the respective markers. TG, hsCRP, SAA and
SAA-LDL values were log-transformed because of their skewed distribution. Significance level: * p < 0.05, ** p < 0.01



fluence of atorvastatin in considering the involvement

of oxLDL-related markers in atherosclerotic pro-

cesses [11, 14, 18]. It is valuable to note that we con-

firmed the previous findings from other markers using

a novel oxLDL-related marker: SAA-LDL [6]. Fur-

thermore, our finding of small changes of inflamma-

tory markers among CVD-free patients (who had low

levels of the markers initially) appears to support an

earlier study implying that changes of CRP levels in-

duced by atorvastatin therapy may not be clearly elicited

in subjects with relatively low CRP levels [10]. By con-

trast, the present study finding of significant changes of

SAA-LDL, even in this type of patients, may herald

SAA-LDL as a more sensitive measure, relative to

hsCRP and SAA, to monitor patients’ response to ator-

vastatin therapy and the influence of the drug.

An additional finding is a significant correlation

between changes of SAA-LDL and SAA, but not

hsCRP or LDL-C, during a period of atorvastatin

treatment. Since the SAA-LDL complex is formed by

an oxidative interaction between SAA and LDL, and

a moderate correlation between SAA-LDL and SAA

has been reported earlier [6], this finding may not

necessarily be surprising. However, because there was

only a small change of SAA during this period of ator-

vastatin treatment, our data may be showing a differ-

ence in the correlation between changes of SAA-LDL

and SAA (in response to the treatment) in a given in-

dividual, or it may stem from a statistical artifact. This

requires further investigation in larger series.

The detailed biological mechanisms of these find-

ings cannot be fully elucidated in this observational

study. The reduction of SAA-LDL may, in part, result

from the reduction of LDL-C, but can also be ex-

plained by the antioxidant effects of atorvastatin. For

instance, the para- and ortho-hydroxymetabolites of

atorvastatin, but not the parent compound, exert the

antioxidant effects against the oxidation of LDL parti-

cles [3]. In addition, atorvastatin is reported to exert

its antioxidant effects at the cellular level by de-

creased expression of essential NAD(P)H oxidase

subunits and up-regulated expression of catalase in

vascular cells [16]. This antioxidant effects in blood

and vessel walls may improve in vivo oxidative condi-

tions, thereby leading to the suppressed formation of

the SAA-LDL complex and reduced circulating

SAA-LDL levels.

There are some limitations to this study. Even

though this was a prospective study, a randomized-

controlled design was not employed, and there were

no control subject groups. The number of patients is

small, and the treatment period was relatively short.

These issues will be addressed in the future studies.

Conclusions

In conclusion, the present study showed a significant

reduction of SAA-LDL levels, despite small changes

of hsCRP and SAA, during a period of atorvastatin

treatment on asymptomatic hypercholesterolemic pa-

tients. Moreover, there was a significant correlation

between changes of SAA-LDL and SAA, irrespective

of changes of LDL-C, during the treatment period.

These results suggest that atorvastatin may benefi-

cially reduce SAA-LDL, and SAA-LDL may be

a more sensitive measure, relative to hsCRP and SAA,

for monitoring the efficacy and antioxidant functions

of atorvastatin. Further studies are needed to clarify

the clinical significance and the biological mechanism

of the present findings.
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