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Background and aim: Clinical benefits of early high-dose statin therapy after acute coronary 

syndromes are widely known; however, there is poor evidence on the specific setting of 

ST-elevation myocardial infarction (STEMI) and dose-dependent effects of this therapy on 

endothelial function and inflammatory biomarkers in the most vulnerable phase after acute 

coronary syndromes: the postdischarge period. In our study, we compared the short-term effects 

of high (80 mg) vs moderate doses of atorvastatin (20 mg) in patients with STEMI undergoing 

primary percutaneous coronary intervention on endothelial function and vascular inflammation. 

The aim of our study was the evaluation of dose-dependent short-term effects.

Subjects and methods: We enrolled 52 patients within 48 hours of a STEMI to atorvastatin 

80 mg (n=26) or 20 mg (n=26). Every patient underwent endothelial function evaluation by the 

reactive hyperemia–peripheral arterial tonometry (RH-PAT) index on the first day and 1 month 

after the STEMI. At the same time, we measured lipid profile and serum levels of high-sensitivity 

CRP, IL6, TNFα, and oxidized LDL.

Results: After 1 month of therapy, we observed differences in high-sensitivity CRP levels 

(0.04±0.02 mg/dL vs 0.36±0.3 mg/dL, P=0.001), IL6 (1.12±0.93 pg/mL vs 3.13±2.84 pg/mL, 

P=0.03), and improvement in RH-PAT index (1.96±0.16 vs 1.72±0.19, P=0.002) in the group 

treated with high-dose vs moderate-dose atorvastatin. There was no significant difference in 

levels of TNFα or oxidized LDL with atorvastatin 20 mg, while there was a reduction in these 

variables in the group treated with atorvastatin 80 mg. We observed a correlation between 

high-sensitivity polymerase chain reaction and RH-PAT index on the 30th day after STEMI 

(r=0.5, P=0.001).

Conclusion: Higher dose statin therapy in patients with STEMI undergoing primary percutaneous 

coronary intervention showed early greater vascular protective effects that moderate dose.

Keywords: endothelial dysfunction, endo-PAT, vascular inflammation, acute coronary 

syndrome

Introduction
Recently published trials, such as IMPROVE-IT,1 have confirmed that LDL-cholesterol 

(LDL-C) reduction lower the currently recommended target has a protective role 

on cardiovascular events, but improved end-point mortality has not been achieved. 

Given the results on cardiovascular and total mortality in large clinical trials in the 

setting of primary and secondary prevention, statin therapy remains the cornerstone 

of lipid-lowering therapy.2

Since they were used in the setting of acute coronary syndrome (ACS), statins 

have shown clear efficacy in reducing the risk of cardiovascular events in both chronic 

Correspondence: Mara Gavazzoni
Cardiology Department, University of 
Brescia, Spedali Civili of Brescia, Piazzale 
Spedali Civili 1, Brescia 25121, Italy
Tel +39 34 0822 7232
Email gavazzoni.mara@gmail.com 

Journal name: Drug Design, Development and Therapy
Article Designation: Original Research
Year: 2017
Volume: 11
Running head verso: Gavazzoni et al
Running head recto: Atorvastatin in STEMI
DOI: http://dx.doi.org/10.2147/DDDT.S135173

D
ru

g 
D

es
ig

n,
 D

ev
el

op
m

en
t a

nd
 T

he
ra

py
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/DDDT.S135173
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:gavazzoni.mara@gmail.com


Drug Design, Development and Therapy 2017:11submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

3426

Gavazzoni et al

and acute phases,3–5 and it is known that their effects are 

related not only to the precocity of treatment but also 

to its intensity. The ARMYDA-ACS6 trial and others7,8 

suggested that statins could reduce arterial wall mechanical 

injury induced by percutaneous coronary intervention (PCI); 

moreover, the precocity of observed clinical advantages on 

statin therapy led to the hypothesis that they could have a role 

in limiting inflammation,9–12 oxidative stress,13 and endothe-

lial dysfunction,14 thus contributing to plaque stabilization 

earlier than the mere reduction in LDL-C.

Among patients with ACS, patients presenting with 

ST-elevation myocardial infarction (STEMI) have higher 

levels of inflammation.15 Moreover, primary PCI and stenting 

throughout mechanical injury contribute to plaque instabil-

ity in the entire coronary tree,16 and outcomes of revascu-

larization could be affected by adverse events, such as the 

“no-reflow phenomenon”, in which endothelial dysfunction 

seems to have a central role.17 Despite these important issues, 

little evidence has been published at this point to evaluate 

the role of statin therapy in this specific subgroup of patients 

with ACS and persistent STEMI. In the last few years, one 

trial revealed that high-dose atorvastatin before primary PCI 

in patients presenting with STEMI was able to improve coro-

nary flow downstream of the treated culprit vessel.18 Other 

small pilot studies have demonstrated intensive statin therapy 

in acute phase after STEMI reduce oxidized LDL (ox-LDL), 

inflammation markers, and inflammatory cytokines,19 reduce 

ex vivo platelet activation20 in a few hours, and improve myo-

cardial function recovery 6 months after an index event.21

In our study, we compared the short-term effects (after 

1 month) of early administration of high-dose atorvastatin 

(80 mg) and a moderate dose of the same molecule (atorvas-

tatin 20 mg) in patients with STEMI undergoing primary PCI 

on endothelial function, markers of vascular inflammation, 

and plaque instability. The aim of our study was evaluation 

of dose-dependent short-term effects.

Subjects and methods
Study design
The present study was a single-center, prospective, random-

ized, open-label trial with blinded evaluation of end points. 

Patients were randomized (1:1) to receive 80 mg of ator-

vastatin or 20 mg of atorvastatin once a day. This protocol 

was designed and approved in 2010 by the provincial ethics 

committee of our hospital (Spedali Civili of Brescia).

Population
We randomized patients admitted to the Intensive Coronary 

Care Unit of the Spedali Civili with a diagnosis of STEMI. 

Patients included should be 18–80 years old, admitted to the 

Intensive Care Unit of our Cardiology Department with a 

diagnosis of STEMI and should be able to get written consent 

before starting any investigational activity. We excluded 

patients with STEMI not undergoing primary PCI, those 

with statin intolerance or contraindications to statin therapy, 

such as severe liver disease or muscle diseases (muscular 

dystrophy, previous rhabdomyolysis), patients yet to receive 

statin therapy, those with cardiogenic shock, chronic severe 

renal failure (glomerular filtration rate ,30 mL/min), docu-

mented current infections (community or in-hospital infec-

tions), chronic inflammatory disease (ie, systemic lupus 

erythematosus, rheumatoid arthritis, chronic inflammatory 

gastrointestinal disorders), coagulation abnormalities, abus-

ing alcohol or drugs, participating simultaneously in another 

clinical trial, and those with concomitant disease that could 

interfere with therapy evaluation or reduce life expectancy 

and alterations in cognitive function.

Protocol treatment
Once eligible, patients were randomly assigned to receive 

either a moderate 20  mg daily dose of atorvastatin or an 

intensive 80 mg daily dose for the first month. At the end 

of this period, patients were revaluated for dose adjustment 

according to the target (in order to reach LDL-C ,70 mg/dL) 

(Figure 1).

α α

αα

Figure 1 Study protocol.
Abbreviations: STEMI, ST-elevation myocardial infarction; PCI, percutaneous 
coronary intervention; CRP, C-reactive protein; ox-LDL, oxidized LDL.
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The first dose of atorvastatin was administered within 

24  hours of first medical contact. Blood sampling and 

endothelial function (with EndoPat device) were performed 

at the randomization and after 1 month of treatment.  

Both groups were treated with pharmacological optimal 

therapy according to European Society of Cardiology 

(ESC) guidelines for the diagnosis and management of 

STEMI.22 After discharge, patients were reevaluated at the 

30th  day with physical examination, electrocardiography, 

echocardiography, blood samples, assessment of adverse 

events, targeted therapies, and evaluation of endothelial 

function with the EndoPAT system.

Effectiveness evaluation
Primary end points were variation after 30 days of treatment 

of endothelium-dependent vasodilation during hyperemia 

(measured with the reactive hyperemia index [RHI]) and 

changes in plasma levels of high-sensitivity CRP (HS-CRP), 

IL6, TNFα, and ox-LDL.

Primary PCI procedure and angiographic 
analysis
For all patients, diagnosis and treatment of STEMI were per-

formed according to ESC guidelines.22 Before angioplasty, 

they were treated with intravenous unfractionated heparin 

(adjusted for corporeal weight bolus), in order to obtain an 

activated clotting time .300 seconds (or between 200 and 

300 seconds when glycoprotein IIB/IIIA inhibitors were 

used). Glycoprotein IIB/IIIA inhibitors were used at the 

discretion of operators. Procedural success was measured 

as TIMI (thrombolysis in MI) 3 flow recovery. Morphol-

ogy of culprit lesions and their complexity were analyzed 

using two X-ray orthogonal projections according to 

American College of Cardiology/American Heart Associa-

tion guidelines.23

Blood sampling and laboratory analysis
We obtained blood samples at randomization (time 0) and 

at 30 days (time 1). These blood samples were divided into 

two test tubes containing citrate 3.8% (green Vacutainer, 

5  mL), two test tubes for complete blood count (red 

Vacutainer, 5  mL), and one test tube for serology (white 

Vacutainer, 10 mL, without anticoagulant). All test tubes 

were conserved in crushed ice for 3  hours and then sub-

jected to centrifugation at 3,500  rpm for 20 minutes at 

4°C, thereby obtaining plasma separation from cell pellets. 

Plasma was divided into 0.5 mL parts and collected in test 

tubes (Eppendorf). Then, samples were stored at  -80°C. 

We measured total cholesterol, LDL-C, HDL-C, TNFα, 

triglycerides, CK-MM (muscle isoenzyme), AST, and ALT. 

CRP was measured with a nephelometric assay (Dade Beh-

ring Diagnostics), and the inferior limit of measurements was 

0.15 mg/L ox-LDL. TNFα and IL6 levels were measured 

with an enzyme-linked immunosorbent-assay kit (R&D 

Systems, Minneapolis, MN, USA).

Evaluation of endothelial function
All patients were subjected to evaluation testing of endothelial 

function within 48 hours of onset of ACS and after 1 month. 

Endothelial function was expressed using the RHI and 

assessed using the EndoPAT 2000 device (Itamar Medical, 

Caesarea, Israel). Measurements were performed according 

to the manufacturer’s instructions and calculated using an 

automated algorithm provided with the device. Patients were 

supine for a minimum of 20 minutes before measurements 

in a quiet, temperature-controlled (21°C–24°C) room with 

dimmed lights.

The EndoPAT quantifies endothelium-mediated changes 

in vascular tone, elicited by a 5-minute occlusion of the 

brachial artery (using a standard blood-pressure cuff). 

When the cuff is released, the surge in blood flow causes 

endothelium-dependent flow-mediated dilatation. The dilata-

tion, manifested as RH, is captured by the EndoPAT as an 

increase in peripheral arterial tone (PAT)-signal amplitude. 

A postocclusion:preocclusion ratio is calculated by the 

EndoPAT software, providing the EndoPAT index. The 

threshold for a good EndoPAT result is an RHI value of 

1.67 and above. This was determined following the study 

of Bonetti et al,24 which was performed at the Mayo Clinic. 

In this study, EndoPAT readings were found to be correlated 

with coronary endothelial function using the gold-standard 

method of assessment, which is injection of acetylcholine 

during coronary catheterization.

Statistical analysis
Results are expressed as mean ± SD. Baseline characteristics 

and posttreatment changes were compared between groups 

and within groups. Nonparametric variables were compared 

using  χ2 tests, while parametric variables were compared 

using Student’s t-tests within groups. Absolute changes were 

calculated by subtracting baseline values from posttreatment 

values, while percentage changes were calculated by dividing 

the difference calculated by baseline value. Absolute and 

percentage changes were compared between groups using 

Student’s t-test. For all tests, P,0.05 was considered statis-

tically significant. Correlations among continuous variables 

were analyzed with Pearson’s r-coefficient.
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Results
Baseline characteristics of study 
population
From February  2011 to February  2012, 52  patients with 

STEMI were enrolled: 26 were randomized to atorvastatin 

80 mg and 26 to atorvastatin 20 mg. The average age was 

58.4±11 years, and the majority of patients were male 

(88.4%). Baseline characteristics did not differ significantly 

between the two groups, and are shown in Table 1.

Procedural features
There were no significant differences related to the site of 

the culprit lesion: the left anterior descendant was involved 

in most cases (46.2% in atorvastatin 80 mg vs 45.7% in the 

20 mg group, P=0.69) (Table 2).

Effects on lipid profiles
Absolute and percentage changes in lipid parameters after 

4-week treatment in both groups are listed in Figure 2. 

Total cholesterol levels after 30 days of therapy were more 

reduced in the group treated with an intensive daily dose 

of atorvastatin (reduction of 76±19 mg/dL, 38% in group 

treated with atorvastatin 80 mg vs 61±26 mg/dL, 27% in 

the group receiving atorvastatin 20 mg; P=0.001). Levels 

of LDL-C were more reduced in the first group than in 

the second: -72±14 mg/dL (55%) vs -55±28 mg/dL 37% 

(P=0.001). HDL-C increased slightly throughout the popula-

tion without showing significant differences between the two 

treatment groups. Triglycerides decreased more in the group 

treated with atorvastatin 80 mg, though there was no statisti-

cally significant difference with the group on low dosage. 

Figure 2 shows the changes in lipid profiles between the two 

groups, expressed as a percentage of basal levels.

Cytokines, inflammatory markers, and 
oxidized LDL
Plasma levels of HS-CRP, IL6, and TNFα were not sig-

nificantly different at baseline between the two groups 

(Tables 3 and 4, Figure 3). HS-CRP levels were reduced in 

the whole population after 30 days of treatment: 1.88±1.51–

0.22±0.31 mg/dL (P=0.0001), but more markedly reduced 

in the high-dose group than in the moderate-dose group 

(0.04±0.02 mg/dL vs 0.36±0.3 mg/dL, respectively; P=0.001). 

IL6 decreased from 7.71±7.44 pg/mL to 2.16±1.2 pg/mL 

(P=0.0001) in the whole population, and patients treated 

Table 1 Demographic and clinical characteristics of study 
population in the two treatment groups

Patient’s 
characteristics

Atorvastatin 
80 mg (n=26)

Atorvastatin 
20 mg (n=26)

P-value

Age (years) 59±11 57.8±13 0.8
Sex (male:female) 23:3 21:5 0.37
Hypertension 12 (46.2) 14 (53.8) 0.69
Hypercholesterolemia 14 (53.8) 10 (38.5) 0.43
Family history 12 (46.2) 14 (53.8) 0.27
Diabetes mellitus 12 (46.2) 2 (7.7) 0.69
Smoking

Nonsmokers
Ex-smokers
Smokers

6 (23.1)
12 (46.2)
8 (30.8)

6 (23.1)
12 (46.2)
8 (30.89)

0.56

Left ventricular 
ejection fraction

51±7.3 48.5±8.3 0.4

Killip class
I
II
III/IV

24 (92.3)
2 (7.7)
0

22 (84.6)
4 (15.4)
0

0.54

Therapy at discharge
ASA
Clopidogrel
Prasugrel
ACEIs, ARBs
β-blockers
MRA (mineral-
receptor antagonists)

13
22 (84.6)
4 (15.4)
24 (92.3)
24 (92.3)
4 (15.4)

13
22 (84.6)
4 (15.4)
24 (92.3)
22 (84.6)
6 (23.1)

1
0.7
0.7
0.76
0.5
0.5

Note: Data presented as mean ± standard deviation or n (%).
Abbreviations: LDL-C, LDL cholesterol; ASA, acetylsalicylic acid; ACEIs, ACE 
inhibitors; ARB, angiotensin-receptor blockers.

Table 2 Major angiographic and procedural characteristics of 
study population in the two treatment groups

Procedural 
characteristics

Atorvastatin 
80 mg (n=26)

Atorvastatin 
20 mg (n=26)

P-value

Culprit vessel 0.69
Left main
LADA
CfxA
RCA

0
12 (46.2)
4 (15.4)
10 (38.5)

0
16 (61.5)
2 (7.7)
8 (37.1)

Site of culprit plaque
Ostial
Proximal
Medium
Distal

0
2 (7.7)
18 (69.2)
6 (23.1)

1 (7.7)
12 (46.2)
12 (46.2)
0

0.07

Complex lesion 20 (76.9) 24 (92.3) 0.28
Thrombus 18 (69.2) 24 (92.3) 0.14
Calcium 2 (7.7) 4 (15.4) 0.54
Thrombus aspiration 10 (38.5) 16 (61.5) 0.24
Stent

None
Drug-eluting stent
Bare metal stent

4 (15.4)
2 (7.7)
20 (76.9)

8 (30.8)
2 (7.7)
16 (61.5)

0.64

TIMI 0 at admission 20 (76.9) 16 (61.5) 0.16
TIMI 3 postprocedural 22 (86.4) 22 (86.4) 0.14
Multivessel disease 8 (30.8) 8 (30.8)

Note: Data presented as n (%).
Abbreviations: LADA, left anterior descending artery; CfxA, circumflex artery; 
RCA, right coronary artery; TIMI, thrombolysis in myocardial infarction.
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with atorvastatin 80 mg daily achieved a greater decrease 

in IL6 (1.12±0.93 pg/mL vs 3.13±2.84 pg/mL, P=0.03). 

There was a reduction in TNFα in the entire study population 

(10.36±7.97–8.23±4.26 pg/mL, P=0.07), driven by reduc-

tion in the group treated with the higher dose (10.9±6.01–

7.54±3.56 pg/mL in atorvastatin 80 mg daily patients [P=0.03] 

and 9.86±8.14–9.07±4.86 pg/mL [P=0.63] in the atorvastatin 

20 mg group). We observed the same finding for ox-LDL 

(87.25±34.44–49.08±14.01 ng/mL [P,0.0001] in the 

higher-dosage group and 76.23±35.04–65.14±20.96 ng/mL 

[P=0.07] in the moderate-dosage group).

Endothelial function
The mean value of the RHI at baseline was 1.55±0.31 and did 

not differ between the two groups (Table 5). After 30 days 

of therapy, the RHI had improved in the whole population, 

reaching a value of 1.83±0.21 (P,0.0001). In the group 

treated with the higher dosage, compared with the lower 

Figure 2 Changes in lipid profile at Day 30 (expressed as change from baseline).
Abbreviations: Chol, cholesterol; TGs, triglycerides.

Table 3 HS-CRP, IL6, TNFα, and ox-LDL levels in the two 
groups at study entrance

Atorvastatin 
80 mg (n=26)

Atorvastatin 
20 mg (n=26)

P-value

HS-CRP (mg/dL) 1.62±1.66 2.16±1.81 0.34
IL6 (pg/mL) 7.76±8.26 7.65±6.95 0.97
TNFα (pg/mL) 10.9±6.01 9.86±8.14 0.72
ox-LDL (ng/mL) 87.25±34.44 76.23±35.04 0.43

Note: Data presented as mean ± standard deviation.
Abbreviations: HS-CRP, high-sensitivity CRP; ox-LDL, oxidized LDL.

Table 4 HS-CRP, IL6, TNFα, and ox-LDL levels in the two 
groups after 30 days of treatment

Atorvastatin 
80 mg (n=26)

Atorvastatin 
20 mg (n=26)

P-value

HS-CRP (mg/dL) 0.04±0.04 0.36±0.3 0.001
IL6 (pg/mL) 1.12±0.93 3.13±2.84 0.029
TNFα (pg/mL) 7.54±3.56 9.07±4.86 0.33
ox-LDL (ng/mL) 49.08±14.01 65.14±20.96 0.03

Note: Data presented as mean ± standard deviation.
Abbreviations: HS-CRP, high-sensitivity CRP; ox-LDL, oxidized LDL.
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dosage there was a significant increase in the RH-PAT index 

(1.96±0.16 vs 1.72±0.19, P=0.002) (Table 5 and Figure 4). In 

patients treated with higher dose of atorvastatin, we observed 

a significant direct correlation between the RH-PAT index 

and HS-CRP obtained after 30 days of treatment in the whole 

population (r=0.5, P=0.01) (Figure 5), while there was no 

correlation with TNFα, IL6, or ox-LDL values at 30 days.

Discussion
The present study evaluated the short-term effects of early 

intensive treatment with atorvastatin compared to moderate-

dose atorvastatin on vascular endothelial function and 

inflammatory markers in patients with STEMI undergoing 

primary PCI. In our study, 53.8% of patients had endothelial 

dysfunction at randomization (expressed as RH-PAT index 

value ,1.67). In all patients, we observed an improvement 

in endothelial function after 1 month, as expected for the 

α

α

Figure 3 Levels at baseline and after 30 days of atorvastatin dosages.
Abbreviations: HS-CRP, high-sensitivity CRP; ox-LDL, oxidized LDL.

Figure 4 Reactive hyperemia index (RHI) in the two groups at baseline and after 30 
days of treatment with Atorvastatin. 

Table 5 Reactive hyperemia index (RHI) in the two study groups 
at baseline and after 30 days of treatment with Atorvastatin

Atorvastatin 
80 mg (n=26)

Atorvastatin 
20 mg (n=26)

P-value

RHI at baseline 1.56±0.3 1.54±0.33 0.9
RHI after 30 days 1.96±0.16 1.72±0.19 0.002

Note: Data presented as mean ± SD.
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period after acute coronary event and coronary stenting, but 

in the group treated with intensive statin therapy, higher RHI 

values were reached (1.56±0.3–1.96±0.16 [P,0.0001] in the 

atorvastatin 80 mg daily group vs 1.54±0.33–1.72±0.19 in 

the atorvastatin 20 mg daily group [P=0.03]).

Endothelial function provides cardiovascular homeostasis 

in both primary and secondary prevention.25 Several studies 

have shown the relationship between noninvasive evaluation 

of endothelial dysfunction and rate of cardiovascular events 

in primary prevention26–28 and secondary prevention.29,30 

Wang et al found a relationship between endothelial function 

(measured as flow-mediated dilatation) and cardiovascular 

events in patients with STEMI undergoing primary PCI,31 

affirming the role of evaluation of endothelial function in 

patients with ACS. The PROSPECT study32 demonstrated 

that in patients who presented with ACS and underwent 

PCI, cardiovascular events occurring during follow-up were 

attributable to both recurrence at the site of the first event 

(culprit lesion) and to other sites that become vulnerable in 

the first phase after the coronary event. Demonstration of 

endothelial dysfunction, even in nonculprit coronary arteries 

(by angiography), revealed that during the acute phase after 

ACS, there could exist an injury on the entire coronary 

tree, and one of the possible mechanisms is impairment of 

endothelial function.

In this acute vulnerable phase, improvement in endothe-

lial function within some weeks of an event correlates with a 

lower number of future events.33 A small study found endothe-

lial dysfunction (assessed by acetylcholine test) in 83% of 

patients with non-STEMI,34 and after a few days of intensive 

statin therapy (80 mg for 7 days), a trend of improvement in 

endothelial coronary function, without statistical significance. 

The authors of this study hypothesized that this failing of 

significance could have depended on the shortness of the 

treatment (7 days) in a clinical setting for ACS, in which, as 

Figure 5 Correlation between RHI and HS-CRP after 30 days in patients in the 
atorvastatin 80 mg group.
Abbreviations: RHI, reactive hyperemia index; HS-CRP, high-sensitivity CRP.

is known, there is a general exacerbation of inflammation. 

Several studies have confirmed vascular inflammation plays 

a protagonist role in the development of atherosclerosis 

and its complications (as in triggering ACS).18–21

Plasmatic levels of markers of systemic inflammation (ie, 

HS-CRP, IL6, TNFα) have been found to predict adverse 

cardiovascular events and increase global and cardiovascu-

lar mortality.35–37 CRP is an acute-phase reactant that plays 

an active role in the progression of atherosclerosis through 

its direct proatherogenic effects on the vasculature.38 This 

protein is produced chiefly by the liver in response to 

proinflammatory cytokines and is secreted into systemic 

circulation.39 Serum CRP is a strong independent predictor 

of future cardiovascular events. High CRP levels predict 

an increase in risk that goes beyond classical risk factors.40 

Similarly, serum CRP levels are elevated in patients with 

unstable coronary artery disease, as opposed to those with 

stable levels.41 It has been reported that in endothelial cells, 

CRP increases the expression of cell-adhesion molecules and 

decreases endothelial nitric oxide synthase expression and 

activity.42,43 Moreover, it promotes the production of reactive 

oxygen species.44 It should also be considered that compared 

with non-STEMI, STEMI is characterized by greater inflam-

matory response, which is exacerbated by mechanical injury 

due to primary angioplasty and/or stent implantation.15

IL6 is a major inducer of CRP production in the liver, 

and its elevation is associated with worse short- and long-

term prognosis in patients with unstable angina.45 TNFα is a 

multifunctional circulating cytokine derived from endothelial 

and smooth-muscle cells and macrophages associated with 

coronary atheroma.46 It has been demonstrated that plasma 

concentrations of this factor are persistently elevated among 

post-MI patients47 and that it is upregulated in the myocar-

dium in response to both transient myocardial ischemia and 

reperfusion, moreover, persistent overexpression of TNFα 

after ischemia leads to adverse coronary outcomes.48 ox-LDL 

can induce atherosclerosis by stimulating monocyte infiltra-

tion and smooth-muscle-cell migration and proliferation. 

Furthermore, it contributes to atherothrombosis by inducing 

endothelial-cell apoptosis and subsequent plaque erosion, 

impairing the anticoagulant balance in the endothelium.49

Clinical trials have demonstrated the efficacy of statin 

therapy in reducing inflammation after ACS.50,51 In our study, 

both atorvastatin 80 mg daily 20 mg daily reduced inflam-

matory biomarkers, with better effects reached for each 

inflammatory biomarker in the higher-dose group. In addi-

tion, we observed an interesting inverse correlation between 

HS-CRP and RHI values at the end of the month of treatment 

with high-dose statins. As demonstrated in previous work, 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Drug Design, Development and Therapy 2017:11submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

3432

Gavazzoni et al

systemic inflammation and endothelial dysfunction are 

closely related during acute coronary events,52 resulting in 

a highly vulnerable state that predisposes to other future 

plaque ruptures.53 Statins (especially hydrophobic and 

efficacy molecules, such as atorvastatin)21 have been dem-

onstrated to inhibit the endothelial expression and action of 

HMG CoA reductase (not only in the liver), so increasing 

the bioavailability of NO and reducing plasma proinflam-

matory cytokines (TNFα, IL6) that are responsible for the 

synthesis and release of HS-CRP by the liver.10 HS-CRP 

itself plays an active role in perpetuating this pathologi-

cal circuit, because it reduces eNOS expression,44 among 

other properties.54 Acute vascular effects of statin therapy 

could be more important in patients with STEMI, given the 

presence of microvascular dysfunction and the no-reflow 

phenomenon, for which one mechanism hypothesized is 

acute endothelial dysfunction.

Trials with nonstatin lipid-lowering therapies1,55 have 

been published recently. Both these trials enrolled patients 

after ACS that were already on statin therapy, and demon-

strated that further reduction of LDL-C (less than 50 mg/dL) 

led to further reduction of coronary events and ischemic 

stroke without improving total or cardiovascular mortality. 

Ours and other previous studies confirm the need to treat 

patients optimally up to the target and even far below (even 

lower is better) in the setting of acute coronary event  and 

in the immediate post-discharge vulnerable period, titrating 

dose of statin therapy, as first.

Limitations
Our study did not have the statistical power to evaluate hard 

end points (cardiovascular events). The small number of 

patients did not allow more complex statistical analysis, such 

as multivariate analysis of end points, according to baseline 

patient characteristics.

Conclusion
In our study, atorvastatin led to a reduction in HS-CRP, IL6, 

TNFα and improvement in endothelial function in a dose-

dependent manner. This could be related to improvements 

in lipid profile and simultaneously to vascular direct effects 

that are early and dose-dependent. This finding reaffirms the 

central role of therapeutic targeting (even lower, even better) 

in patients presenting with acute coronary events.
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