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a b s t r a c t
The anti-inﬂammatory effect of 3-hydroxy-3-methyl-glutaryl-CoA reductase inhibitors (statins) has been investigated in dyslipidemic patients treated with these pharmacologic agents. The aim of this study was to investigate
the serum levels of cytokines and chemokines that have been associated with atherosclerosis and cardiovascular
disease in Brazilian patients treated for hypercholesterolemia with statin. The serum levels of the cytokines IL-1β,
IL-6, IL-10, TNF-α and TGF-β, and the levels of the chemokines IL-8 (CXCL8) and MCP-1 were determined by
enzyme-linked immunosorbent assay and tested for their association with cardiovascular disease. The suppression of circulating levels of TNF-α, MCP-1 and IL-8 and their enhancing effect on IL-10 and TGF-β production
were more pronounced in male patients. Female patients treated with statins who had a previous myocardial infarction presented higher median levels of both TNF-α and IL-8 (P b 0.05) and a lower median level of IL-10 than
female patients without MI (P b 0.05). Except in women with a previous myocardial infarction, the treatment of
dyslipidemic Brazilian patients with statins down-modulates the production of atherogenic cytokines and
chemokines and increases the circulating levels of anti-atherogenic cytokines.
© 2013 Elsevier B.V. All rights reserved.

1. Introduction
Atherosclerosis is the main cause of cardiovascular diseases (CVD)
worldwide, including coronary arterial disease, myocardial infarction
and stroke [1,2]. In Brazil, it is estimated that CVD mortality is approximately 52.7 cases per 100,000 inhabitants [3].
Cardiovascular disease has been associated with multiple risk factors
including smoking, diabetes, obesity, hypertension, hypercholesterolemia, sedentary lifestyle and family history of CVD. However, the involvement of both inﬂammation and the adaptative immune response
in the pathogenesis of atherosclerosis has been well documented. The
role of monocytes and macrophages during the uptake of modiﬁed lipoproteins and the involvement of immune mediators such as cytokines
and chemokines that are produced by macrophages, dendritic cells
and T and B lymphocytes in atheroma development have demonstrated
that atherosclerosis has strong characteristics of an immunological
disease caused by dyslipidemia. Thus, it has been shown that tumor
necrosis factor alpha (TNF-α), interleukin-1β (IL-1β), monocyte
chemoattractant protein 1 (MCP-1), interleukin-6 and interleukin-8
(IL-8) exert pro-inﬂammatory activity on atherogenesis, whereas
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interleukin-10 (IL-10) and transforming growth factor-β (TGF-β)
down-modulate atheroma formation [2,4–6].
Some studies have demonstrated that statin treatment for dyslipidemia, in addition to decreasing hypercholesterolemia, can also downmodulate atherogenesis due to their effects on the production of some
bioactive components involved in inﬂammation such as cytokines,
chemokines and chemokine receptors, and C-reactive protein (CRP)
[7–11]. However, the knowledge obtained from these studies still needs
to be evaluated in different populations because genetic background
and environmental factors can prevent its generalized application. This
work investigated the serum levels of cytokines and chemokines associated with atherogenesis in patients who have been treated for dyslipidemia with statins in a Brazilian referral center for cardiovascular
diseases in the city of Salvador (Bahia) using as reference the serum levels
of these immune mediators in non-dyslipidemic healthy individuals.
2. Materials and methods
2.1. Subjects
A total of 162 patients, 80 of whom were women (age = 60 ±
10 years) and 82 of whom were men (age = 59 ± 8 years), from the
Cardiology Service of the Hospital Ana Nery, located in Salvador
(BA, Brazil) participated of this study after providing written informed
consent. They had a clinical and laboratory diagnosis of dyslipidemia
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and were treated with statins for more than 12 months to control
hypercholesterolemia (85% of patients were treated with simvastatin, and 15% of patients were treated with atorvastatin). One hundred of 162 (62.0%) patients had abnormal coronary angiography
(CA). Thirty healthy volunteers (15 women and 15 men, mean
age = 32.8 ± 8.4 years) were used as the control group. Pregnant
women, patients with cancer or tuberculosis, those who were infected
with HCV, HBV, HTLV-I or HTLV-II, and those suffering from Chagas' disease or autoimmune disease were excluded from the study. The study
was approved by the Ethics Committee of the Climério de Oliveira Maternity (Hospital Complex Professor Edgard Santos, Federal University
of Bahia).
2.2. Lipid biomarkers
Serum levels of total cholesterol (TC) (reference value b 200 mg/dl),
high-density lipoprotein (HDL, reference value b 40 mg/dl) and triglycerides (TG, reference value b 150 mg/dl) were determined using an automated biochemical analyzer (LABMAX 240, Labtest Diagnóstica SA,
Brazil). Low-density lipoprotein (LDL, reference value b 130 mg/dl)
levels were calculated by the Friedewald method when the triglyceride level was less than 400 mg/dl. Serum levels of apolipoprotein A
(APOA, reference value 90–170 mg/dl) and apolipoprotein B (APOB,
reference value 107–214 mg/dl) and ultrasensitive CRP (reference
value b 3.0 mg/dl) were determined by nephelometry (IMMAGE™
System, Beckman-Coulter, USA).
2.3. Serum levels of cytokines
The serum levels of IL-1β, IL-6, IL-8, IL-10, MCP-1, TNF-α and TGF-β
were determined by capture enzyme-linked immunosorbent assays
(capture ELISA) using commercial immunological reagents (Ebioscience,
USA).
2.4. Statistical analysis
The results are expressed as the median and interquartile range
(IQR, Q1–Q3) in accordance with the non-Gaussian distribution of the
data shown by the normality test of D'Agostino & Pearson. The difference between the medians of the two groups was compared with the
Mann–Whitney test. Fisher's exact test was used to investigate the association between the two categorical groups, while their correlation was
analyzed with Spearman correlation. The signiﬁcance level was set at
P b 0.05. GraphPad statistical software 5.0 was used for the statistical
analysis.
3. Results
3.1. Cardiovascular risks
Arterial hypertension was the most prevalent risk factor for cardiovascular disease observed in the patients, which was followed by family
history of CVD, sedentary lifestyle, diabetes, smoking and obesity.
Although smoking was slightly more prevalent than obesity in men
Table 1
Prevalence of cardiovascular risk factors in Brazilian patients treated for dyslipidemia with
statins.
Risk factors

Female (n = 80)

Male (n = 82)

Total (n = 162)

Hypertension
Familial CVD
Sedentary lifestyle
Diabetes
Obesity
Smoking

71 (88.7%)
52 (65.0%)
40 (50.0%)
29 (36.2%)
8 (10.0%)
5 (6.2%)

68 (82.9%)
51 (62.2%)
38 (46.3%)
23 (28.0%)
5 (6.1%)
13 (15.8%)

139 (85.8%)
103 (63.6%)
78 (48.1%)
52 (32.1%)
13 (8.0%)
18 (11.1%)
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than in women, there was no signiﬁcant difference in the prevalence
of CVD risk factors between female and male patients (Table 1).
3.2. Lipid proﬁle
The serum levels of cholesterol, HDL, LDL, triglycerides, APOA
and APOB were similar when male patients and their controls were
compared (P N 0.05). However, female patients differed from female
controls in their levels of cholesterol (P b 0.01), LDL (P b 0.01) and
APOB (P b 0.01) (Table 2).
3.3. C-reactive protein
Patients and healthy controls showed similar levels of CRP (patient
median = 2.7 mg/L, IQR 1.4 mg/L–5.8 mg/L; control median =
2.3 mg/L, IQR 1.6 mg/L–3.9 mg/L). Ninety of 162 (56.0%) patients
had CRP levels lower than 3 mg/L, whereas 72 of 162 (44.0%) patients
presented CRP levels above this reference value, which has been
adopted for cardiac risk prediction in Brazil. In the control group, CRP
levels above 3 mg/L were found in 11 of 30 (37%) individuals, whereas
CRP levels b3 mg/L were observed in 19 of 30 (63.0%) subjects
(P N 0.05). Female and male patients differed in their levels of CRP. Female patients had a median CRP of 3.5 mg/L (IQR = 1.8–6.4 mg/L),
while male patients had a median of 2.4 mg/L (IQR = 1.2–5.0 mg/L;
P b 0.05) (Fig. 1). There was no difference in the CRP levels when the
patients were classiﬁed in accordance with their previous history of
myocardial infarction (MI) or the presence of abnormal coronary angiography (P N 0.05).
3.4. Cytokine and chemokine levels
Levels of cytokines and chemokines above the lower limit of detection (LOD) of the immunoassays were observed with the following frequency: IL-1 (25/30, 83.3% controls and 49/162, 30.2% patients;
P b 0.0001), IL-6 (15/30, 50% controls and 89/162, 54.9% patients;
P N 0.05), IL-8 ( 25/30, 83.3% controls and 34/162, 21.0% patients,
P b 0.0001), and TNF-α (29/30, 96.7% controls and 137/162, 84.7% patients). Levels of MCP-1, IL-10 and TGF-β above the LOD were observed
in all controls and patients (P N 0.05). The serum levels of IL-1β, MCP-1,
IL-6 and IL-10 in female patients were similar to those of their female
controls. However, female patients had decreased serum levels of
TNF-α and IL-8 (P b 0.05), but increased serum levels of TGF-β
(P b 0.05). In male patients, the serum levels of IL-1β and IL-6 were similar to those of male controls, but they had decreased levels of MCP-1
(P b 0.001), IL-8 (P b 0.0001), TNF (P b 0.01) and IL-10 (P b 0.01). In
contrast, male patients had the highest levels of TGF-β (P b 0.0001)
(Table 3).
Female patients with a documented history of myocardial infarction had higher serum levels of TNF-α and IL-8, but lower levels of
serum IL-10 than female patients without previous MI (P b 0.05)
(Fig. 1). No difference was observed in the serum levels of cytokines
or chemokines when male patients were evaluated in accordance
with their coronary angiography or previous documentation of MI
(P N 0.05).
4. Discussion
In this work, we investigated serum levels of cytokines and
chemokines that are associated with cardiovascular disease among
Brazilian patients who were treated with statins for hypercholesterolemia. Most patients were individuals of African descent, who tend to
consume food that is high in saturated and total fat. All patients included
in this study had a previous documentation of hypercholesterolemia in
their medical ﬁles, and most had abnormal coronary angiography. The
cardiovascular risk factors in the patient group were the same as those
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Table 2
Lipid proﬁle of Brazilian patients treated for dyslipidemia with statins and of healthy controls.

Cholesterol
LDL
HDL
Triglycerides
APOA
APOB

Female patients (n = 80)

Female controls (n = 15)

Male patients (n = 82)

Male controls (n = 15)

193.0 (156.0–244.5)
122 (74.6–158.4)
43.50 (38.0–54.7)
144.0 (110.5–208.3)
150.0 (131.3–165.0)
94.5 (69.6–119.5)

156.0⁎⁎ (138.0–182.0)
82.00⁎⁎ (55.8–99.2)

168.5 (129.8–192.3)
87.4 (60.3–116.7)
37 (33.0–44.2)
180.5 (133.0–237.8)
135.0 (119.8–154.3)
77.10 (61.2–97.1)

169.0 (141.0–190.0)
93.4 (74.2–109.2)
40.0 (33.0–49.0)
146.0 (109.0–196.0)
129.0 (112.0–145.0)
74.6 (65.7–89.7)

50.0 (41.0–65.0)
126.0 (79.0–164.0)
138.0 (126.0–170.0)
67.4⁎⁎ (61.2–80.8)

Lipid concentrations (mg/dl) are expressed as the median and interquartile range (IQR = Q1–Q3).
⁎⁎ P b 0.01.

reported in other population studies [12], and except for active smoking,
they presented similar prevalence in both male and female patients.
Despite statin therapy, the lipid proﬁle of female patients was abnormal in comparison to that of their controls, and it showed increased
levels of total cholesterol, LDL and APOB. This ﬁnding may be justiﬁed
by the rise in non-HDL-C and APOB levels with age in both men and
women, but in this work only female patients differed from their controls. However, the serum levels of CRP were similar between healthy
controls and male and female patients, and most patients had levels
of this protein within the normal reference level due to the antiinﬂammatory effects of statins, which decrease the level of CRP [11].
The observation of higher CRP levels in female patients than in male patients conﬁrmed the report of a previous study showing the association
of an African genetic background with high levels of this inﬂammatory
biomarker in black women [13,14]. Nonetheless, the level of CRP in
our study was not inﬂuenced by a previous history of MI or by the
presence of abnormal CA in female patients.
We veriﬁed that statin treatment signiﬁcantly decreased the serum
levels of IL-1β and IL-8 in patients, and in an important proportion of patients, these levels were signiﬁcantly below the lower detection limit of
the immunoassays used to quantify these immune mediators. IL-1β is a
cytokine that is involved in both inﬂammation and vascular injury in
early atherosclerosis that stimulates the endothelial expression of cell
adhesion molecules and promotes leukocyte recruitment and leukocyte
transmigration. In addition, it also stimulates cell proliferation and
differentiation, which causes vessel injury [5]. The circulating level of
IL-1β and its expression in monocytes are decreased in patients with
hypercholesterolemia, and additionally, there is suppression of its
expression in peripheral blood mononuclear cells from patients with

P < 0.05
40

essential hypertension after simvastatin therapy, which justiﬁes our
results [15–17].
IL-8 or CXCL8 is a chemokine produced by nucleated cells, mainly
macrophages, which is actively involved in inﬂammation by promoting
the recruitment of monocytes and neutrophils. Its participation in atheroma formation has been well documented. Additionally, increased
serum levels of this chemokine have been associated with cardiovascular events, which suggest that IL-8 is an important biomarker of atherosclerosis in patients with unstable coronary artery disease [18]. Our
ﬁnding of low production of IL-8 in patients treated with statins is supported by previous observation showing the effect of this pharmacologic agent in down-regulating IL-8 production by endothelial cells and
leukocytes [19].
In this work, the levels of IL-6 in patients were similar to those presented by the controls. IL-6 regulates different aspects of the immune
response, including B lymphocyte differentiation and the production
of acute phase proteins such as CRP, and participates in atheroma
formation by increasing the expression of adhesion molecules on endothelial and smooth muscle cells. Additionally, IL-6 level has been demonstrated to be a predictor of future cardiovascular events [5,20–23].
Although a lowering effect of statin on the production of IL-6 has been
well documented by measuring the serum levels of IL-6 in hypercholesterolemic patients before and after treatment [19,24], our ﬁnding of
normal IL-6 levels in dyslipidemic patients treated with statin was
similar to that observed in a large cross-sectional study conducted in
Lausanne (Switzerland). Thus, such discrepancy suggests that difference in therapeutic dose of this medication could inﬂuence the results
of these studies on its anti-inﬂammatory effects in dyslipidemic patients
[25].
Interestingly, circulating MCP-1 levels were inhibited by statin only
in male patients. MCP-1 is a chemokine that promotes monocyte migration into the arterial wall to form foam cells. Also, high levels of this chemokine have been observed in patients with obesity and have been
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Table 3
Serum levels of cytokines and chemokines in dyslipidemic women and men treated with
statins and their controls.
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Fig. 1. Levels of C-reactive protein (men and women), and IL-8 and TNF-α in female patients treated for dyslipidemia with statins without a previous myocardial infarction or
having MI documentation. Serum levels are shown as the median and interquartile
range (IQR = Q1–Q3).

IL-6
IL-10
TGF-β

Controls

Patients

P value

143.4 (119.0–166.9)
242.3 (169.0–296.1)
5.1 (3.9–5.9)
7.9 (5.5–11.5)
9.5 (7.5–12.7)
11.4 (8.4–17.8)
14.7 (13.1–12.0)
27.3 (17.2–73.4
2.5 (2.1–3.1)
2.2 (1.8–2.7)
7.3 (5.8–8.6)
8.4 (7.1–10.2)
127.4 (76.9–188.6)
131.0 (78.6–182.9)

98.4 (54.4–155.8)
125.3 (74.5–183.2)
4.7 (4.0–5.4)
6.1 (4.7–7.9)
6.4 (4.8–10.2)
6.9 (4.9–10.6)
9.2 (8.1–13.6)
9.4 (8.3–12.0)
2.2 (1.7–2.9)
1.9 (2.2–30.7)
6.1 (5.1–7.4)
6.3 (5.1–7.9)
213.7 (146.4–295.9)
196.3 (144.8–288.7)

N0.05
b0.001
N0.05
N0.05
b0.05
b0.01
b0.05
b0.0001
N0.05
N0.05
N0.05
b0.01
b0.05
b0.001

Serum levels are shown as the median and IQR.

M.M. Pereira et al. / International Immunopharmacology 18 (2014) 66–70

associated with a worse prognosis in diseases caused by atherosclerosis
such as myocardial infarction and stroke, as well as CVD mortality [26].
It has been demonstrated that MCP-1 levels are normally higher in men
than in women, mainly in patients in their ﬁfth decade, which is in
agreement with our results [27]. In addition, an increased serum level
of MCP-1 has been demonstrated to be associated with traditional cardiovascular risk factors and subclinical atherosclerosis [28]. However,
our ﬁndings regarding MCP-1 in male patients are supported by a previous report of signiﬁcant reduction of the serum levels of these immune
mediators in hypercholesterolemic individuals after simvastatin treatment [19,29]. On the other hand, the absence of low levels of this chemokine in female patients treated with statin could be justiﬁed by
their menopausal or postmenopausal status (mean age = 60 ± 10 years) and their higher level of CRP, which is a bioactive protein that
promotes MCP-1 production [30,31].
Female patients with a previous history of MI had higher IL-8 and
TNF-α levels but lower IL-10 levels in comparison with female patients
without MI history. This ﬁnding may suggest that female patients with
MI history have a diminished capacity to down-modulate atherogenesis
or are more resistant to the anti-inﬂammatory effects of statins. Nonetheless, the association of high levels of both IL-8 and TNF-α and low
IL-10 serum levels may be an evidence of atheroma instability in these
patients and may also indicate a bad prognosis as previously suggested,
as male and female patients did not differ in CVD risk prevalence
[18,32,33].
An important increase in the circulating levels of TGF-β was observed in both male and female patients, which was probably caused
by statin medication, as previously documented [34]. Serum concentration of TGF-β is decreased in advanced atherosclerosis [35]. TGF-β
down-regulates atherogenesis by inhibiting the migration and proliferation of endothelial cells and smooth muscle cells, is involved in downmodulation of lymphocyte activation and acts as a stabilizing factor for
human atherosclerotic plaques. Furthermore, an increasing effect of
statin on TGF-β production has been experimentally demonstrated in
lung cancer cells treated with this medication and simvastatin promotes
the FoxP3 expression in regulatory T cells and their proliferation
[36–41].
In conclusion, important effects on the production of cytokines and
chemokines involved in atherogenesis can be observed in Brazilian
patients treated for dyslipidemia with statins. Despite the consistent
documentation showing the efﬁcacy of statins in the primary and
secondary prevention of cardiovascular events in both men and
women [42], the effects of this medication on atherogenic and antiatherogenic immune mediators seem to be lower in female patients
with a previous history of myocardial infarction, and this ﬁnding
requires future investigation.
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