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Background: Dyslipidemia is a key factor determining the development of both myocardial 

infarction (MI) and its subsequent complications. Dyslipidemia is associated with endothelial 

dysfunction, activation of inflammation, thrombogenesis, and formation of insulin resistance. 

Statin therapy is thought to be effective for primary and secondary prevention of complications 

associated with atherosclerosis.

Methods: This study examined 210 patients with Segment elevated MI (ST elevated MI) who were 

treated with atorvastatin from the first 24 hours after MI. Group 1 (n=110) were given atorvastatin 

20 mg/day. Group 2 (n=100) were given atorvastatin 40 mg/day. At days 1 and 12 after MI onset, 

insulin resistance levels determined by the homeostasis model assessment of insulin resistance 

index, lipid profiles, and serum glucose, insulin, adipokine, and ghrelin levels were measured.

Results: Free fatty acid levels showed a sharp increase during the acute phase of MI. Treatment 

with atorvastatin 20 mg/day, and especially with 40 mg/day, resulted in a decrease in free fatty 

acid levels. The positive effect of low-dose atorvastatin (20 mg/day) is normalization of the 

adipokine status. Administration of atorvastatin 20 mg/day was accompanied with a statistically 

significant reduction in glucose levels (by 14%) and C-peptide levels (by 38%), and a decrease 

in the homeostasis model assessment of insulin resistance index on day 12.

Conclusion: Determination of atorvastatin dose and its use during the in-hospital period and 

subsequent periods should take into account changes in biochemical markers of insulin resistance 

and adipokine status in patients with MI.
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Introduction
A key factor determining the development of both myocardial infarction (MI) and 

its consequent complications is dyslipidemia, which is associated with endothelial 

dysfunction, activation of inflammation, thrombogenesis, and formation of insulin 

resistance.1 In cardiology practice, administration of statins, which inhibit 3-hydroxy-

3-methylglutaryl-CoA reductase (HMG-CoA reductase), the main effect of which 

is hypolipidemic, is generally recognized for primary and secondary prevention of 

atherosclerosis and its manifestations.2,3 Pleiotropic effects are observed through both 

lipid-dependent mechanisms and the absence of the mechanisms with statin administra-

tion. More than 40 pleiotropic effects of statins have been identified, among which are 

proven beneficial effects on migration and the functional state of macrophages, smooth 

muscle cells in vessel walls, improvement in the functional state of endothelium, and 

normalization of rheological and reduction in thrombogenic blood properties.4 Statins 

can modulate the expression of some genes involved in atherogenesis, which may 

significantly increase their range of application.

The long-term effects of statins are the most commonly studied.5 In recent years, 

however, studies have proved the ability of statins to have a short-term effect also, 
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particularly in the treatment of patients with acute MI.5,6 

Previous research has demonstrated the adverse effects of high 

doses of statins on carbohydrate metabolism indicators.7

This study was a comparative analysis of the effects 

of atorvastatin at doses of 20 mg/day and 40 mg/day 

on lipid parameters, adipokine status, insulin resistance 

markers, prothrombotic status, and inflammatory param-

eters in patients with MI in the dynamics of the in-hospital 

setting.

Materials and methods
ethical considerations
The study was conducted in accordance with the principles 

of the Declaration of Helsinki, and the study protocol was 

approved by the Ethical Committee of the Research Insti-

tute for Complex Issues of Cardiovascular Diseases under 

the Siberian Branch of the Russian Academy of Medical 

Sciences. All patients gave written informed consent.

study design
The study was an open, prospective, randomized, compara-

tive, and controlled study. Inclusion criteria were those con-

firmed and approved by the Russian Society of Cardiology 

in 2007 and specified in “Acute ST-elevated myocardial 

infarction in patients hospitalized in the first 24 hours after 

the symptoms onset”. Exclusion criteria were the following: 

diabetes mellitus, previously identified or newly diagnosed 

at the time of admission; statin therapy for the month prior 

to MI; serious diseases affecting prognosis (anemia, renal 

failure, hepatic failure, oncological diseases); infectious 

inflammatory diseases during exacerbation; autoimmune 

diseases; and long-term treatment with corticosteroids.

Two-hundred ten patients were enrolled who had ST-

elevated MI and who were treated with atorvastatin, which 

inhibits HMG-CoA reductase, from the first 24 hours of MI. 

Group 1 (n=110) were given atorvastatin at a dose of 20 mg/day. 

Group 2 (n=100) were given atorvastatin at a dose of 40 mg/day. 

The dose was not increased in either group. The study presents 

the results of observations during the period of 12 days from 

initial administration.

The clinical characteristics of the patients are presented 

in Table 1. In Group 1, drug administration was stopped in 

one patient because of the development of dyspeptic events; 

the patient experienced nausea within a week of being given 

atorvastatin. In Group 2, drug administration was stopped 

in one patient because of the development of dyspeptic 

events; the patient experienced epigastric pain and nausea 

within 5 days of being given atorvastatin. The control group 

consisted of 33 people aged 58 years (57.2; 59.2) without 

cardiovascular and endocrine system diseases.

Table 1 initial clinical characteristics of patients

Variable, n (%) Group 1: patients  
given atorvastatin  
20 mg/day (n=110)

Group 2: patients  
given atorvastatin  
40 mg/day (n=100)

P-value

Men 110 (100) 100 (100)
age (years) 60.4 (59.5, 61.1) 61.3 (60.9, 64.5) 0.877
Risk factors
arterial hypertension 80 (72.7) 86 (86) 0.795
current smoking 70 (63.7) 68 (68) 0.925
Family history of ischemic heart disease 45 (40.9) 50 (50) 0.826
clinical angina to myocardial infarction 50 (45.5) 55 (55) 0.918
Previous myocardial infarction 20 (18.2) 14 (14) 0.858
history of cerebrovascular accident/transient  
ischemic attack

5 (4.5) 5 (5) 1.0

Depth of lesion
Q-wave myocardial infarction 80 (72.7) 77 (77) 0.929
non-Q-wave myocardial infarction 30 (27.3) 25 (25) 0.885
Localization of myocardial infarction
Posterior 60 (54.5) 50 (50) 0.918
Posterior with capture of the right ventricle 20 (18.2) 15 (15) 0.858
Front 30 (27.3) 32 (32) 0.894
Acute heart failure
Killip i 90 (81.8) 86 (86) 0.932
Killip ii 10 (9.1) 5 (5) 0.786
Killip iii 5 (4.6) 9 (9) 0.786
Killip iV 0 0 1.0

Note: P-value for significant difference between Groups 1 and 2 was ,0.05.
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The groups were comparable by age, sex, and the presence 

of coronary artery disease (CAD) risk factors, such as arterial 

hypertension, smoking, and obesity. Body mass index (BMI) 

was calculated using Quetelet’s equation as a ratio of body 

weight (kg) to height squared (m). BMI in Group 1 was 26.8 

(26.12; 27.12) kg/m2 and in Group 2 was 25.3 (24.88; 25.67) 

kg/m2 (P=0.117). More than 40% of patients in both groups 

had a family history of CAD.

Percutaneous coronary intervention of the infarct-

dependent artery was performed as reperfusion therapy in 

all patients. The groups were comparable by the presence 

of coronary atherosclerosis, which was based on results of 

a coronary angiography on admission, which showed multi-

vessel disease (more than three vessels) in 66.7%.

MI patients received medical therapy according to the 

2007 National Cardiology Society Guidelines. Throughout the 

observation and treatment period in hospital (12 days on aver-

age), β-adrenergic blocking agents, angiotensin-converting 

enzyme inhibitors, Ca2+-channel antagonists, diuretics, 

nitrates, aspirin, heparin, and clopidogrel were given in equal 

frequency to the two groups (Table 2).

assays
Blood serum and plasma were tested. Serum was sepa-

rated from venous blood by centrifugation at 3,000× g for 

20 minutes and stored at -70°C. At days 1 and 12 after MI 

onset, serum glucose, insulin, and C-peptide levels were mea-

sured with diagnostics laboratory kits (Diagnostic Systems 

Laboratories, Inc., Webster, TX, USA). Free fatty acid (FFA), 

total cholesterol (TC), triacylglycerol (TAG), low-density 

lipoprotein cholesterol (LDL), very-low-density lipoprotein 

cholesterol (VLDL), apolipoprotein B (apo-B), high-density 

lipoprotein cholesterol (HDL), and apolipoprotein A1 

(apo-A1) levels were measured at the same study time points 

using standard Thermo Fisher Scientific test systems (Thermo 

Fisher Scientific Oy, Vantaa, Finland) in a Konelab 30i bio-

chemistry analyzer (Thermo Fisher Scientific Oy). C-peptide 

and insulin concentrations were measured by enzyme-linked 

immunosorbent assay (ELISA) with BioMedica (Sydney, 

Australia) and Diagnostic Systems Laboratories, Inc. labora-

tory kits, respectively. The intra-assay coefficients of varia-

tion (CVs) for insulin and C-peptide ELISA were 3.8% and 

4.2%, respectively, and the inter-assay CVs were 6.9% and 

7.9%, respectively. Adipokine (leptin, adiponectin, resistin, 

and ghrelin) levels were measured using BioVendor assay 

kits (Brno, Czech Republic), and intra-assay CVs were 5.9% 

and 6.8%. Prothrombotic potential was assessed by determin-

ing plasminogen activator inhibitor-1 (PAI-1) levels, and 

was measured using Technoclone GmbH assay kits (Vienna, 

Austria), and intra-assay CVs were 4.8% and 5.7%.

The following formula was used to calculate the athero-

genic index: atherogenic index (total relative value units) = 

(TC – HDL)/HDL.

C-reactive protein (CRP) and interleukin-6 (IL-6) lev-

els were examined by ELISA. Serum glucose, insulin, and 

C-peptide levels were measured to assess carbohydrate 

metabolism and to diagnose insulin resistance. The homeo-

stasis model assessment of insulin resistance (HOMA-IR) 

index was calculated on days 1 and 12 after MI onset.  

A HOMA-IR value .2.77 corresponds to insulin resistance.

statistical analysis
Statistical analyses were performed using the nonparametric 

Mann–Whitney test for unpaired samples and the Wilcoxon 

test for paired samples. Results are presented as median val-

ues, unless otherwise specified, and 25% and 75% quartiles. 

Spearman’s correlation coefficient was calculated to analyze 

correlations between variables. Statistical analyses were per-

formed using Statistica 6.0 (StatSoft, Tulsa, OK, USA).

Results
The main clinic–anamnestic data are shown in Table 1. The 

majority of patients in both groups were characterized by 

Q-wave MI. Back localization of MI prevailed in both groups. 

Activity of creatine phosphokinase-MB in both groups did 

not differ significantly. The maximum activity of creatine 

phosphokinase-MB was 129.6 U/L (25% and 75% quartiles: 

112.32, 152.32) in Group 1 and 111.7 U/L (25% and 75% 

quartiles: 98.31, 125.98) in Group 2 (P=0.870).

More than 80% of patients in both groups did not show 

clinical signs of acute heart failure, which was estimated by 

Killip classifications (Table 1).7 More than 40% of patients 

had arrhythmias and cardiac conduction disorders, assessed 

using commonly accepted criteria. The parameters of the 

structural and functional states of the left ventricle did not 

Table 2 revascularization and drug therapy during follow-up

Therapy, n (%) Group 1  
(n=110)

Group 2  
(n=100)

P-value

β-blockers 105 (95.5) 100 (100) 0.936
angiotensin-converting  
enzyme inhibitors

93 (84.5) 84 (84) 1.0

ca2+-channel blocker 102 (92.7) 95 (95) 0.935
Diuretics 44 (40.0) 41 (41) 0.906
nitrates 20 (18.2) 27 (27) 0.762
aspirin 105 (95.5) 100 (100) 0.936
heparin 105 (95.5) 100 (100) 0.936
clopidogrel 105 (95.5) 100 (100) 1.0

 
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
/ b

y 
54

.1
91

.4
0.

80
 o

n 
03

-A
pr

-2
01

7
F

or
 p

er
so

na
l u

se
 o

nl
y.

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

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


Drug Design, Development and Therapy 2015:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

3364

Barbarash et al

differ significantly between groups. Median values of left 

ventricular ejection fraction, estimated at the first 24 hours 

of disease onset, were 53.5% (25% and 75% quartiles: 52.4, 

54.5) in Group 1 and 49.7% (25% and 75% quartiles: 49.1, 

50.5) in Group 2 (P=0.376). Mean values of left ventricular 

end-diastolic volume were 153 mL (25% and 75% quartiles: 

148.2, 156.4) in Group 1 and 144.9 mL (25% and 75% 

quartiles: 139.2, 149.5) in Group 2 (P=0.068). Mean values 

of left ventricular end-systolic volume were 67 mL (25% and 

75% quartiles: 62.3, 68.9) in Group 1 and 68.6 mL (25% and 

75% quartiles: 66.5, 69.8) in Group 2 (P=0.402).

Changes in lipid-transport function parameters in the 

blood were observed for both groups on day 1 after MI 

onset. Both groups showed higher levels of TC, LDL, TAG, 

and apo-B, higher apo-B/apo-A1 ratio, and decreased levels 

of HDL and apo-A1 compared with controls. A two- to 

threefold increase in the atherogenic index was observed 

for both groups compared with the control group (Table 3). 

Common patterns of the effects of atorvastatin administra-

tion on the studied parameters were observed during the 

early in-hospital period, as well as dose-dependent effects, 

in particular, the pronounced hypocholesterolemic effect 

of atorvastatin (dose: 40 mg/day) (Table 3). A significant 

decrease in the initially high levels of cholesterol and its 

atherogenic fractions on day 12 was observed, with the 

atherogenic index decreasing by 36% compared with day 1.  

A less pronounced hypocholesterolemic effect was observed 

with the lower dose of atorvastatin. Atorvastatin administra-

tion (20 mg/day) resulted in TC reduction by 10% and the 

atherogenic index reduction by 26%, as well as a 1.2-fold 

increase in the concentration of apo-A1 on day 12 compared 

with day 1.

Pronounced changes in FFA levels were observed 

(Table 3). On day 1 after MI, FFA levels in both groups 

showed a ninefold increase compared with the control 

group. During the in-hospital period, there was a decrease 

in FFA levels in both groups, with the decrease being more 

pronounced in patients receiving atorvastatin 40 mg/day.  

In this group, FFA levels decreased by 83.3% compared with 

baseline values, and were 1.6-fold greater than the baseline 

levels of the control group. Atorvastatin 20 mg/day resulted 

in a decrease in FFA levels by 72.4% compared with day 1, 

but the FFA levels were still 2.6-fold greater than the baseline 

levels of the control group.

Changes in leptin, resistin, and adiponectin concen-

trations were compared among groups at days 1 and 12 

after MI (Table 4). On admission, patients had a twofold 

increase in leptin levels compared with the control group. 

Atorvastatin 20 mg/day resulted in a decrease in leptin 

levels by 32.8% on day 12 compared with day 1. Patients 

who received 40 mg/day showed a 16.8% decrease com-

pared with day 1. Compared with the control group, leptin 

levels were higher by 36% in patients receiving atorvastatin 

40 mg/day.

The statistically significant increase in adiponectin levels 

was only observed for the atorvastatin 20 mg/day group 

(P,0.05). Atorvastatin 40 mg daily did not produce a similar 

effect. Resistin concentrations during the acute phase and 

treatment did not change significantly (P.0.05).

Patients with MI on day 1 showed a 1.4- to 1.5-fold 

increase in glucose concentration, a 1.3- to 1.5-fold increase 

in C-peptide levels, and a 1.2- to 1.3-fold increase in 

HOMA-IR index compared with the control group (Table 5). 

Administration of atorvastatin 20 mg/day resulted in a 

Table 3 Dynamics of indicators of lipid-transport function in blood of patients with myocardial infarction undergoing treatment with 
atorvastatin during in-hospital period

Variable Control  
(n=33)

Group 1: patients given atorvastatin  
20 mg/day (n=110)

Group 2: patients given atorvastatin 
40 mg/day (n=100)

Day 1 Day 12 Day 1 Day 12

Tc (mmol/l) 4.5 (3.8; 4.6) 5.50 (4.3; 7.4)a 4.90 (4.3; 6.0)a,c 5.8 (4.7; 7.4)a 4.5 (3.9; 5.8)b,c

lDl (mmol/l) 2.26 (1.9; 2.3) 2.92 (2.2; 3.3)a 2.76 (1.7; 3.6) 2.7 (2.0; 3.8)a 2.5 (1.9; 3.2)b,c

hDl (mmol/l) 1.26 (1.1; 1.3) 0.88 (0.8; 1.1)a 0.95 (0.77; 1.13)a 0.9 (0.6; 1.2)a 1.0 (0.9; 1.2)a,c

VlDl (mmol/l) 0.56 (0.4; 0.9) 1.10 (0.9; 1.4)a 1.03 (0.71; 1.46)a 11.2 (0.9; 1.3)a 0.6 (0.5; 0.9)c

apo-a1 (g/l) 1.54 (1.3; 1.65) 1.10 (0.9; 1.4)a 1.23 (1.0; 1.6)a,c 1.1 (0.9; 1.2)a 1.3 (1.15; 1.54)a,c

apo-B (g/l) 1.19 (1.0; 1.5) 1.75 (1.2; 1.9)a 1.74 (1.07; 2.1)a 1.7 (1.2; 1.9)a 1.6 (1.1; 1.8)b

Tg (mmol/l) 1.50 (1.4; 1.7) 2.17 (1.5; 3.4)a 2.10 (1.4; 2.8)a 2.4 (1.9; 2.8)a 2.0 (1.7; 2.4)c

apo-B/apo-a1 0.81 (0.7; 1.0) 1.48 (0.9; 1.8)a 1.24 (0.3; 1.8)a 1.3 (1.0; 1.9)a 1.0 (0.7; 1.5)c

FFa (mmol/l) 0.35 (0.2; 0.4) 1.92 (1.0; 2.0)a 0.53 (0.7; 1.2)c 1.8 (1.1; 2.0)a 0.8 (0.5; 1.0)b,c

Notes: aSignificant difference from control (P,0.05). bSignificant difference in indicator among groups on the 12th day. cSignificant difference in indicator within the group 
on the first and 12th days.
Abbreviations: Tc, total cholesterol; lDl, low-density lipoprotein cholesterol; hDl, high-density lipoprotein cholesterol; VlDl, very-low-density lipoprotein cholesterol; 
apo-a1, apolipoprotein a1; apo-B, apolipoprotein B; Tg, triglyceride; FFa, free fatty acid.
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statistically significant reduction in glucose levels (by 14%) 

and C-peptide levels (by 38%), and a decrease in HOMA-IR 

index to baseline values on day 12. A stronger effect was 

seen with atorvastatin 40 mg/day. In addition to glucose 

reduction on day 12, C-peptide decreased by 44%, insulin 

decreased by 44%, and HOMA-IR index decreased by 43% 

compared with the acute phase of the disease. It should  

be noted that atorvastatin 40 mg/day significantly decreased 

the concentrations of insulin and C-peptide, and decreased 

the HOMA-IR index compared with baseline values, which 

are considered adverse effects of atorvastatin on carbohydrate 

metabolism.

Nonspecific inflammation is a common pathogenic link 

in the development of MI, with CRP and IL-6 used as key 

markers. In the current study, CRP increased 20-fold on day 1  

after MI, and IL-6 showed a six- to sevenfold increase com-

pared with the control group (Table 6). Atorvastatin 40 mg/day  

reduced CRP by 63.4%, and atorvastatin 20 mg/day  

reduced CRP by 23%. There were no statistically signifi-

cant dose-dependent effects of atorvastatin on IL-6. IL-6 

decreased by 49.2% in Group 1 and 44.3% in Group 2. In both 

groups, after the initiation of treatment, the concentrations 

of the inflammatory markers remained significantly higher 

compared with the control group.

Evaluation of PAI-1, a key marker of thrombogenesis, 

showed that the level of PAI-1 increased fourfold compared 

with the control group on day 1 after MI. Atorvastatin admin-

istration produced favorable effects during the in-hospital 

period, allowing a reduction in the prothrombotic potential, 

but a dose-dependent effect was not pronounced. On day 12, 

atorvastatin reduced the levels of PAI-1 by 35.3% and 41.1% 

in Groups 1 and 2, respectively.

Discussion
Statins are widely used for secondary prevention of car-

diovascular events in patients with MI. They can reduce 

mortality and improve prognosis in patients with CAD and 

acute coronary syndrome.2,8 Statins work by inhibiting the 

activity of a key enzyme in cholesterol synthesis, HMG-CoA 

reductase, by normalizing the levels of its lipid-transport 

forms. This can reduce the progression of atherosclerosis and 

the development of cardiovascular complications.8

Long-term use of statins has proved its dose-dependent 

effects on lipid profiles. For example, a meta-analysis of clini-

cal studies demonstrated that the lipid-lowering efficiency 

of statins for LDL was directly proportional to the dose 

over 1 year of follow-up.9 Early intensive statin therapy can 

significantly reduce the risk of mortality and cardiovascular 

events over 2 years or more of treatment. The degree of 

reduction of LDL has no significant effect on these results, 

suggesting that statins have pleiotropic effects and/or the 

activity is dependent on the dose used.9,10

The results of the current study suggest the early (within 

12 days of receiving atorvastatin), dose-dependent, lipid-

lowering effect of atorvastatin. The most pronounced effects 

were seen with a dose of 40 mg/day, which is consistent 

Table 4 Dynamics of adipokine concentrations in patients at days 1 and 12 after myocardial infarction during in-hospital period

Variable Control  
(n=33)

Group 1: patients given atorvastatin  
20 mg/day (n=110)

Group 2: patients given atorvastatin 
40 mg/day (n=100)

Day 1 Day 12 Day 1 Day 12

leptin (ng/ml) 5.2 (4.6; 5.3) 11.3 (8.8; 14.5)a 7.6 (4.2; 11.1)a,c 11.9 (5.1; 16.5)a 9.9 (5.3; 13.2)a–c

resistin (ng/ml) 7.5 (7.2; 8.1) 10.6 (7.7; 14.5)a 9.8 (8.1; 15.2)a 10.0 (8.4; 15.6)a 10.3 (8.5; 12.2)a

adiponectin (mg/ml) 13.4 (9.4; 14.5) 9.1 (7.1; 12.4)a 11.0 (7.3; 13.9)c 8.7 (5.5; 12.8)a 9.9 (6.8; 12.9)a

Notes: aSignificant difference from control (P,0.05). bSignificant difference in indicator among groups on the 12th day. cSignificant difference in indicator within the group 
on the first and 12th days.

Table 5 Dynamics of markers of insulin resistance in patients with myocardial infarction during in-hospital period

Variable Control  
(n=33)

Group 1: patients given atorvastatin  
20 mg/day (n=110)

Group 2: patients given atorvastatin 
40 mg/day (n=100)

Day 1 Day 12 Day 1 Day 12

glucose (mmol/l) 4.5 (4.1; 5.2) 6.4 (5.9; 6.8)a 5.9 (4.9; 6.6)a,c 6.1 (5.6; 6.9)a 5.8 (5.6; 6.3)b,c

insulin (mU/ml) 9.6 (7.6; 12.2) 12.5 (12.0; 13.9)a 10.8 (9.6; 11.9) 12.6 (11.3; 13.6) 7.0 (6.2; 7.9)a–c

c-peptide (ng/ml) 1.4 (1.2; 2.1) 1.8 (1.6; 1.9)a 1.1 (0.8; 1.9)c 1.5 (0.9; 1.9)a 0.9 (0.5; 1.5)a–c

hOMa-ir 2.6 (2.4; 2.6) 3.3 (2.9; 3.6)a 2.1 (2.2; 3.1)c 3.2 (2.6; 3.7) 1.8 (1.2; 2.1)a–c

Notes: aSignificant difference from control (P,0.05). bSignificant difference in indicator among groups on the 12th day. cSignificant difference in indicator within the group 
on the first and 12th days.
Abbreviation: hOMa-ir, homeostasis model assessment of insulin resistance.
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with previous research. For example, Plenge et al reported 

that administration of atorvastatin in patients with MI in the 

early stages of the disease was associated with decreased 

levels of TC and LDL. In that study, a dose of 40 mg/day 

resulted in a significant decrease compared with 10 mg/day 

(P,0.05). The authors consider the fast action to be a posi-

tive factor in reducing ischemic attack recurrence.11 In the 

current study, hypolipidemic activity manifested at the low 

dose of atorvastatin (20 mg/day), and may be characterized 

by a decrease in both cholesterol levels and the atherogenic 

index, which reflects recovery of lipid status in patients with 

MI during the in-hospital period.

Pronounced effects of atorvastatin on FFA levels were 

observed. FFA levels showed a sharp increase during the 

acute phase of the disease, but treatment with atorvastatin 

20 mg/day, and especially with 40 mg/day, resulted in a 

decrease in FFA levels. One possible mechanism for this 

effect may be improvement in the peroxisome proliferator-

activated receptor, which restores metabolic processes in 

myocardium.2 The decline in FFA levels with statin adminis-

tration is also probably associated with a decrease in FFA and 

TAG synthesis in the liver and their release into the blood.2 

An experimental mouse study reported that administration 

of atorvastatin to fructose-fed mice reduced FFA and TAG 

concentrations.2 The authors suggest that atorvastatin blocks 

the expression of the nuclear protein carbohydrate response 

element-binding protein, which is responsible for the syn-

thesis of FFA from carbohydrates.

It is thought that FFA plays a major role in reducing the 

sensitivity of peripheral tissues to the actions of insulin, con-

tributing to the development of insulin resistance, and may be 

a factor provoking the development of diabetes.1,11 Reducing 

FFA levels can therefore be considered to give a protective 

effect against the development of insulin resistance in patients 

with MI. There is, however, no consensus in the literature 

on the impact of statins, including the effects of atorvastatin 

on the development of insulin resistance. Some authors 

have suggested that atorvastatin therapy produces a dose-

dependent increase in insulin resistance.14 Other researchers 

do not share this view, and suggest that atorvastatin is safe in 

terms of the drug-related development of insulin resistance. 

Chu et al reported that atorvastatin at doses of 10 mg/day 

and 80 mg/day did not affect insulin sensitivity or leptin and 

adiponectin levels in diabetic patients with hyperlipidemia 

during 12 weeks of treatment.14 Inconsistencies in the data 

found in the literature may be the result of different doses 

and different follow-up periods.

The results of the current study suggest that the beneficial 

effect of atorvastatin on insulin resistance is provided at a 

dose of 20 mg/day. This dose was found to normalize the 

HOMA-IR index, and provide a moderate decrease in glucose 

and C-peptide levels to baseline values. Such effects may 

reflect a reduction in insulin resistance, restoring the sensi-

tivity of peripheral tissues to the actions of insulin. These 

findings are consistent with previous studies that confirm 

the positive effect of statins on peripheral tissue sensitivity 

to insulin and carbohydrate metabolism.12

The administration of atorvastatin 40 mg/day showed 

more pronounced decreases in the parameters reflecting 

pancreatic function (insulin and C-peptide levels), and 

through these parameters, reflected the status of carbohydrate 

metabolism, not only compared with patients treated with the 

lower dose but also compared with healthy controls. This 

suggests the possible suppression of insulin synthesis via a 

decrease in C-peptide secreted by the pancreas in patients 

with MI receiving atorvastatin 40 mg/day.

Experimental data suggest that atorvastatin blocks the 

synthesis of ubiquinone (also known as coenzyme Q10),  

an essential factor providing mitochondrial electron 

transport. This may lead to a decrease in the intensity of 

tissue respiration and ATP synthesis in pancreatic cells, 

and may delay the secretion of C-peptide and insulin.12 

Such an effect cannot be considered positive, especially 

over the long term.

Table 6 Dynamics of c-reactive protein, interleukin-6, and plasminogen activator inhibitor in patients with myocardial infarction 
during in-hospital period

Variable Control  
(n=33)

Group 1: patients given atorvastatin  
20 mg/day (n=110)

Group 2: patients given atorvastatin 
40 mg/day (n=100)

Day 1 Day 12 Day 1 Day 12

c-reactive protein (mg/l) 1.00 (0.8; 1.5) 20.2 (10.9; 35.0)a 21.9 (18.9; 25.4)a,c 25.5 (23.2; 27.1)a 7.7 (4.0; 17.0)a–c

interleukin-6 (pg/ml) 2.65 (2.1; 3.4) 19.5 (13.7; 25.3)a 11.7 (10.2; 15.4)a,c 21.9 (20.1; 22.2)a 12.1 (11.2; 13.0)a,c

Plasminogen activator  
inhibitor-1 (pg/ml)

35.3 (32.1; 43.2) 125.9 (112.5; 156.6)a 81.4 (75.6; 92.5)a,c 136.3 (124.2; 145.1)a 80.3 (68.2; 88.9)c

Notes: aSignificant difference from control (P,0.05). bSignificant difference in indicator among groups on the 12th day. cSignificant difference in indicator within the group 
on the first and 12th days.
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Adipokines are known to play important roles in the 

regulation of insulin sensitivity, glucose homeostasis, and 

lipid metabolism.14,15 Data on the effects of atorvastatin on 

adipokine levels are controversial: atorvastatin is reported 

to not produce any effects, and is also reported to result in 

an increase or decrease in adipokine levels.13,15 In the cur-

rent study, atorvastatin 20 mg/day significantly modulated 

adipokine levels. We suggest that restoration of the adipokine 

status does not require high doses of statins; the positive 

effect is already achieved at a dose of 20 mg/day. With a 

dose of 40 mg/day, leptin levels were observed to remain 

elevated. This elevation, in combination with a reduction 

in insulin concentration, can lead to hyperleptinemia and 

metabolic dysregulation, and worsen myocardial ischemia, 

and may be regarded as a poor prognostic factor.

In recent years, studies have examined the importance 

of inflammation in the development of MI and its associ-

ated complications. Statins, which activate peroxisome 

proliferator-activated receptor alpha, are assumed to reduce 

the activity of nuclear factor kappa B, which regulate the 

expression of many genes whose products (cytokines, 

chemokines, cell adhesion molecules) are involved in the 

inflammatory and immune responses.16

Several differences in the influence of atorvastatin at the 

specific doses on proinflammatory markers, which are sig-

nificantly increased in the acute phase of MI, were observed. 

Plasma levels of CRP decreased to a greater extent in patients 

treated with atorvastatin 40 mg/day compared with 20 mg/day.  

There was no dose-dependent effect on IL-6. Both groups 

during treatment showed a reduction in cytokine concentra-

tions, but the concentrations did not reach the same level seen 

in the control group. This finding, taken with the reduction in 

insulin secretion, may suggest a contribution to the develop-

ment of latent forms of insulin resistance in patients taking 

atorvastatin 40 mg/day.

IL-6 is known to be able to induce insulin resistance 

and enhance production of mediators of endothelial 

dysfunction in arterioles and capillaries, with the involve-

ment of proinflammatory serine/threonine kinase suppres-

sor proteins, and cytokine signaling and protein tyrosine 

phosphatases acting as negative regulators of physiological 

insulin.17,18

Patients with MI are known to have an elevated pro-

thrombotic status. Statins have an anticoagulant action, the 

mechanism of which is complex. Statins decrease plasma 

fibrinogen levels and normalize the lipid composition of 

blood cell membranes, inhibit ADP-dependent platelet 

aggregation, inhibit thromboxane production, and diminish 

concentrations of tissue PAI-1 in patients with CAD.19 The 

results of the current study indicate the absence of a dose-

dependent effect of atorvastatin on PAI-1 levels. Despite 

atorvastatin reducing concentrations of PAI-1, high pro-

thrombotic activity was still present in the early in-hospital 

period because of the remaining high PAI-1 levels. High 

PAI-1 levels may be involved in the development of insulin 

resistance in the post-hospital follow-up period in patients 

receiving atorvastatin, especially at high doses.20

Conclusion
Dose-related pleiotropic effects of atorvastatin were observed 

in the early in-hospital period in the current study. Atorvas-

tatin 40 mg/day showed a more pronounced effect on the 

recovery of lipid status in patients with MI compared with 

atorvastatin 20 mg/day. Correction of insulin resistance was 

more effective at 20 mg/day compared with 40 mg/day, and 

to a lesser extent was dependent on the effects of atorvastatin 

on inflammatory markers and thrombogenesis. The positive 

effect of low-dose atorvastatin (20 mg/day) is the normal-

ization of adipokine status, which is a favorable prognostic 

sign. Determination of the dose of atorvastatin and its use 

in the in-hospital period and subsequent periods should take 

into account the changes in biochemical markers of insulin 

resistance and adipokine status in patients with MI.

Limitations
Our study has strengths and weaknesses. Overall, the trial 

was designed to assess the effect of atorvastatin on lipid 

parameters, adipokine status, insulin resistance markers, pro-

thrombotic status, and inflammatory parameters in patients 

with MI. A limitation in our study was the short observation 

period – 12 days (in-hospital period).
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