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Abstract
Objective: Inflammation has an important role in chronic 
obstructive pulmonary diseases (COPD) and statins are be-
lieved to have anti-inflammatory effects beyond low-density 
lipoprotein cholesterol reduction. This study aimed to as-
sess the effect of statin on the function of the right ventricle 
and inflammatory markers in COPD patients.

Methods: A total of 76 clinically stable COPD patients were 
included in this randomized, double-blind study. Patients were 
randomly assigned to receive atorvastatin (40 mg/d) or a pla-
cebo over a period of three months. All the patients underwent 
spirometry, echocardiography, and high-sensitivity C-reactive 
protein (hsCRP) measurement at baseline and at the end of the 
study. Right ventricular (RV) systolic function was assessed by 
echocardiography using the systolic velocity of tricuspid annu-
lus (Sm) and longitudinal strain in the base and mid segments 
of RV free wall (SRB, SRM). Pulmonary artery pressure (PAP) 
was estimated by the tricuspid regurgitation gradient.

Results: Fifty-five patients (31 in atorvastatin and 24 in the pla-
cebo group) completed the course of intervention. Atorvastatin 
resulted in improvement in RVSB (p = 0.03) and decrease in 
hsCRP (p = 0.03) compared to placebo group while RV SRM 
was significantly improved in atorvastatin group (p = 0.01) but 
this change was not significant between groups (p = 0.44).

Conclusion: Statins could improve the prognosis in COPD 
patients by improving right ventricular hemodynamic.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a 
preventable, progressive and incurable inflammatory 
disease affecting many organs and causing irreversible 
airflow limitation [1,2]. Chronic obstructive pulmonary 
disease is predicted to become the fourth leading cause 
of death in developed countries till 2030 [3]. Activation 
of inflammatory cells including neutrophils and high lev-
els of several circulating systemic inflammatory markers 
including C-reactive protein (CRP) is considered the eti-
ology [4]. Several studies suggest a close inverse rela-
tionship between CRP and lung function in COPD [5,6]. 
Treatment of COPD is extremely difficult because of its 
different side effects and multi organ involvement [1,2].

One of the worst side effects of COPD is pulmonary 
hypertension, which increases mortality and morbidity 
[7,8]. COPD can cause pulmonary hypertension due to 
vasoconstriction, chronic hypoxia, and decreasing va-
sodilators like nitric oxide. Increased pulmonary vascu-
lar resistance can lead to right ventricular (RV) failure 
and death [7,8]. The incidence of heart failure (HF) is 
4.5 times higher in COPD patients and presently there 
is no way to prevent pulmonary hypertension in COPD 
patients [9].

The 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-
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performed on COPD patients who referred to the pul-
monary clinic in the Mashhad University of Medical 
Sciences from 2013 to 2015. The trial was approved by 
the institutional ethical review board at the Mashhad 
University of Medical Sciences and registered at the 
Iranian Registry of Clinical Trials (registration number: 
IRCT201108177356N1). Written informed consent was 
obtained from all patients prior to participation in the 
study.

Patients were included based on the criteria pro-
posed by the American Thoracic Society standards [22]. 
Exclusion criteria were diagnosis of concomitant cor-
onary artery disease, atrial fibrillation, positive drug 
history for administration of any lipid lowering medica-
tion including atorvastatin, pregnancy, and pulmonary 
artery hypertension (PAH) due to other etiologies as 
well as active liver disease, alanine transaminase (ALT) 
or aspartate transaminase (AST) greater than threefold 
of the upper normal limit. Subjects were randomly as-
signed into two groups: the atorvastatin and the place-
bo group. Randomization was performed using a ran-
dom block permutation method according to a comput-
er generated randomization list, with randomly varied 
block lengths [23]. The random allocation sequence was 
performed by a biostatistician. Details of the series were 
known to the investigators. The patients and research 
analyzer were blinded until the study was completed. 
The flowchart of the study is presented in Figure 1.

CoA), also known as statins, reductase inhibitors (statins) 
have numerous effects on vascular wall function. Statins 
have been found to have various effects including an-
ti-inflammatory, immunosuppressive, and cardiovas-
cular effects. Statins may also improve the endothelial 
function indirectly by lowering cholesterol levels and 
peripheral vascular perfusion [10,11].

Majority of evidence endorsing the potential thera-
peutic benefit of the statin drug class comes from an-
imal studies [12-14]. Few studies indicate that statins 
have an independent protective effect in decreasing 
all-cause mortality and prevention of exacerbation in 
COPD patients, prevention of cancer and lung function 
decline [15,16]. Statins were found to be capable of 
decreasing the production of inflammatory mediators, 
which is regarded as potential treatment for the patho-
physiology of COPD [17,18]. Previous studies found that 
statins might be beneficial in prevention or reduction of 
pulmonary hypertension, right ventricular failure, and 
coronary endothelial dysfunction in patients with COPD 
regardless of blood cholesterol level or presence of isch-
emic heart disease [19-21]. There is scarcity of human 
studies that assess the effectiveness of statins in COPD 
patients. The aim of this study was to study the effects 
of atorvastatin on cardiac function and inflammatory 
markers in COPD patients.

Methods

This single-blind randomized controlled trial was 

          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Assessed for Eligibility 

N = 76   

Randomization 

Atorvastatin Group 

N = 39   
Placebo Group 

N = 37   

Complete Follow Up 

N = 31   

Complete Follow Up 

N = 24  

Incomplete Follow up 

N = 13   

Incomplete Follow up 

N = 7   

 

One Patient died 

Figure 1: Schematic overview of the trial.
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LDL, AST, ALT, and CPK was measured in all participants. 
Spirometry was also performed to measure FEV1, FVC, 
and FEV1/FVC.

Statistical analysis

Data were analyzed using the statistical package for so-
cial sciences (SPSS) software version 22 (IBM Inc, Chicago, 
Il, USA). Normality of continuous variables was assessed 
using the Shapiro-Wilk test. Normally distributed variables 
were presented as mean ± standard deviation (SD) while 
non-normally distributed variables were presented as me-
dian and interquartile range (IQR). Categorical variables 
were presented as frequency and percentage. The student 
t-test and Mann-Whitney tests were used for compari-
son of parametric and non-parametric variables between 
study groups. The chi-square test was used to compare 
the distribution pattern of categorical between groups. 
Response to atorvastatin versus placebo was assessed by 
analysis of covariance (ANCOVA) considering age, baseline 
echocardiographic data and baseline FEV1/FVC as covari-
ates. Since no significant difference was observed between 
groups at baseline, no adjustment was made for other 
study variables in the repeated measures ANOVA. The P 
value less than 0.05 was considered statistically significant.

Results

Seventy-six eligible subjects were included initially 
and were randomized into atorvastatin (n = 39) and pla-

After randomization, the intervention group received 
atorvastatin 40 mg once a day and the control group 
received a placebo. Primary outcomes were pulmonary 
artery pressure (PAP) and RV function and size, at three 
months after medication consumption. The secondary 
outcome was hsCRP level.

Subjects in both groups were evaluated at baseline and 
three months after the initiation of the intervention. As-
sessments included measuring the serum level of hsCRP 
and transthoracic echocardiography. Echocardiography 
was performed for both groups using a Vivid 7 Dimension 
ultrasound scanner (GE Vingmed, Horten, Norway) with a 
4-MHz transducer S’ wave of the tricuspid annulus, and the 
longitudinal systolic strain in the base and mid segment of 
the RV free wall were used to assess RV systolic function 
(Figure 2). In addition, the E wave velocity of the tricuspid 
inflow, E’ peak velocity in the lateral annulus of the tricus-
pid valve, and E/E’ were measured as echocardiographic 
parameters to evaluate RV diastolic function. The PAP was 
calculated through the tricuspid regurgitation peak pres-
sure gradient. Global left ventricular longitudinal strain 
(GLS) was assessed with the automated functional imaging 
(AFI) method using three apical views (apical long-axis, 4- 
and 2- chamber views) in the grayscale. The RV and right 
atrium (RA) size and left ventricular ejection fraction (LVEF) 
were also measured.

The serum level of FBS, cholesterol, triglyceride, HDL, 
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Figure 2: Echocardiographic Assessment of right ventricle function using Sm (A,B) and Longitudinal Strain in RV free wall 
(C,D) which was done before (A,C) and three months after Atorvastatin Therapy (B,D). Note the improvement in Sm and RV 
strain in this case.
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Sm (r: 0.49; p = 0.001) and longitudinal strain (r = 0.41; 
p = 0.01).

There was a significant change in RV SRB in atorvastatin 
group from baseline (p < 0.001) resulting in a significant 
difference in RV SRB at the end of the study between 
atorvastatin and placebo group (p = 0.01) (Table 2). RV 
SRM and PAP changed significantly in the atorvastatin 
group from baseline (p < 0.001 and p = 0.001 
respectively) Atorvastatin administration resulted in a 
significant reduction in hsCRP at the end of the study 
compared to the placebo group (p = 0.04) (Table 2).

No significant difference was observed in spirometry 
parameters between atorvastatin and placebo groups 
neither at baseline nor at the end of the intervention 
(Table 3).

cebo (n = 37) groups. During the study process one sub-
ject from the atorvastatin group died due to the deteri-
oration of the disease and 20 subjects (7 in atorvastatin 
and 13 in placebo group) were excluded due to loss of 
follow up resulting in the final 55 subjects (31 in ator-
vastatin group and 24 in the placebo group) (Figure 1).

Mean age of the subjects (38, 69.1% male and 17, 
30.9% female) was 63.98 ± 10.56 years. Mean age of 
subjects in the atorvastatin group was 65.35 ± 10.07 
years while the mean age of the subjects in the place-
bo group was 62.21 ± 11.11 years. The characteristics 
of study subjects at baseline are described in Table 1. 
There was no significant difference between groups at 
baseline (Table 1).

There was significant correlation between PAP and 

Table 1: Baseline characteristics of the patients (demographic data, biochemistry analysis, Pulmonary function tests and echo-
cardiographic parameters).

Parameters Atorvastatin group (n = 31) Placebo group (n = 24) p 
Age                                                                                  65.35 ± 10.07 62.21 ± 11.11 0.28
Male/female†                                                              21/10 17/7 0.81
Heart Rate 75.47 ± 10.57 75.67 ± 7.88 0.94
Biochemistry Analysis 
FBS (mg/dl) 111.12 ± 36.84 104.79 ± 15.35 0.43
Cholesterol (mg/dl) 200.47 ± 39.42 187.00 ± 48.10 0.26
Triglyceride (mg/dl)ǂ 136.00 (84.00) 108.00 (77.50) 0.33
LDL (mg/dl) 126.42 ± 30.49 121.67 ± 27.45 0.55
HDL (mg/dl) 43.56 ± 10.06 46.87 ± 9.66 0.22
SGPT (mg/dl)ǂ 21.00 (16.00) 18.90 ± 7.01 0.07
CPK (mg/dl) 111.23 ± 80.47 91.53 ± 42.18 0.28
Spirometry findings
FVC mean 2.27 ± 0.77 2.88 ± 1.55 0.08
FVC predicted% 74.60 ± 20.82 80.47 ± 29.36 0.39
FEV1 mean 1.39 ± 0.59 1.67 ± 1.06 0.25
FEV1 predicted% 57.61 ± 21.38 64.30 ± 32.55 0.36
FEV1/FVC 61.02 ± 13.57 61.27 ± 12.44 0.94
MMEFǂ 0.68 (0.74) 0.77 (0.89) 0.75
MMEF predicted%ǂ 32.90 (29.90) 27.25 (38.80) 0.86
Echocardiographic Parameters
Mid RV diameter (cm)ǂ 3.6 (1.13) 3.61 ± 0.69 0.86
RA area (cm2) 14.88 ± 2.04 14.77 ± 1.92 0.85
LVEF (%) 56.93 ± 3.70 57.53 ± 2.46 0.50
Sm (cm/sec) 10.72 ± 1.61 10.68 ± 1.21 0.92
TA Em (cm/sec) 8.64 ± 1.97 8.70 ± 1.99 0.91
TA Am (cm/sec) 16.29 ± 2.92 14.89 ± 2.53 0.07
TV E (m/sec) 38.16 ± 7.01 41.20 ± 7.20 0.91
TV E/TA Em 4.90 ± 1.19 5.27 ± 1.52 0.61
RV SRB - 24.19 ± 2.66 - 23.65 ± 2.59 0.45
RV SRM - 29.96 ± 2.88 - 30.49 ± 3.92 0.57
PAP 38.49 ± 7.15 34.74 ± 8.33 0.08
GLS - 15.11 ± 6.77 - 16.40 ± 1.22 0.36

Abbreviations: CPK: Creatine Phosphokinase; FBS: Fasting Blood Glucose; FEV1: Forced Expiratory Volume in the First 
Minute; FVC: Forced Vital Capacity; GLS: Global Longitudinal Strain; LDL: Low Density Lipoprotein; LVEF: Left Ventricle Ejection 
Fraction; HDL: High Density Lipoprotein; MMEF: Maximum Mid Expiratory Flow; PAP: Pulmonary Artery Pressure; RA: Right 
Atrium; RV: Right Ventricle; SGPT: Serum Glutamate-Pyruvic Transaminase; SRB: Longitudinal Strain in Basal Segment of RV 
Free Wall; SRM: Longitudinal Strain in Mid Segment of RV Free Wall; TA: Tricuspid Annulus; TV: Tricuspid Valve.
Mean and SD were shown for all variables and the independent t-test was used for the comparison except for triglyceride, SGPT, 
MMEF, MMEF predicted%, mid RV diameter and gender.
†The Chi-square test was performed for the comparison of gender distribution pattern in atorvastatin and placebo groups; ǂMedian 
and interquartile range (IQR) were shown. The Mann-Whitney test was performed for the comparison.
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simvastatin was found to improve cardiac output [27]. 
The therapeutic value of 80 mg/d simvastatin in pa-
tients with pulmonary arterial hypertension (PAH) was 
assessed in another study for 12 months which found 
RV mass and N-terminal pro-B-type natriuretic peptide 
(NT-proBNP) levels decreased in the stain users at 6th 
month and increase in both RV mass and NT-proBNP 
thereafter in a number of patients [28]. In another study 
on 112 patients with severe COPD statin use was found 
to be associated with a 4.2 mmHg (95% CI: 2 to 6.4, P = < 
0.001) lower PAWP and a 2.6 mmHg (95% CI: 0.3 to 4.9, 
P = 0.03) reduction in mean PAP independent of PAWP 
[29]. In the contrary to the results of the current study, 
some of the previous studies could not find any effect 
for statin administration on systolic pulmonary arterial 
pressure and cardiac output [30] or PAP [31].

A few studies found a beneficial effect for statins 
in reducing the exacerbation of COPD and duration of 
hospitalization [32-34]. By reducing hospitalization, 
governments and patients will save significant amounts 
of money. Another study found that statin use in COPD 
patients reduced short-term (30-day) and long-term 
mortality (10-year) especially when statins were com-

Discussion

The role of statins in decreasing PAP in COPD patients 
is still controversial and data from studies done on the 
effects of statins in preventing pulmonary hypertension 
in COPD patients are scarce. There is a high interest in 
the use of statins for the treatment of pulmonary arteri-
al hypertension (PAH) and so recently, statins are being 
evaluated for the treatment of PAH [19,21,24]. Although 
the potential role of statins in treating COPD is contro-
versial [25,26], current evidence shows that statins have 
an effective influence on outcomes in patients with 
COPD [19,21,24]. Despite these hopeful results, in all 
researches, up to this time, there are many limitations 
that should be considered. The effective dose, interval 
and duration of administration, and effect of various 
statins need to be accurately determined in the target 
population. At present there is insufficient evidence, al-
though new, to vindicate a clinical indication for statin 
therapy in patients with COPD regardless of its function 
in protecting the cardiovascular system.

This study found that statin administration can sig-
nificantly decrease PAP. In another study on 16 pa-
tients with pulmonary hypertension administration of 

Table 2: Changes in echocardiographic parameters during the intervention.

Variable Atorvastatin group Placebo group p 

Within 
group

p

Between 
group

Before After Before After

Mid RV diameter (cm) 3.6 (1.13)ǂ 3.07 ± 0.23 3.61 ± 0.69 3.12 ± 0.21 0.37 0.40
RA area (cm2) 14.88 ± 2.04 15.04 ± 1.92 14.77 ± 1.92 14.97 ± 0.48 0.91 0.85
LVEF (%) 56.93 ± 3.70 57.09 ± 3.39 57.53 ± 2.46 57.92 ± 1.98 0.63 0.37
SM (cm/sec) 10.72 ± 1.61 11.12 ± 1.85 10.68 ± 1.21 10.96 ± 0.93 0.73 0.78
TA EM (cm/sec) 8.64 ± 1.97 8.85 ± 1.97 8.70 ± 1.99 9.10 ± 1.93 0.73 0.74
TA AM (cm/sec) 16.29 ± 2.92 15.45 ± 2.14 14.89 ± 2.53 15.16 ± 1.89 0.19 0.10
TVE (m/sec) 38.16 ± 7.01 38.97 ± 8.13 41.20 ± 7.20 40.27 ± 3.59 0.30 0.20
TV E/TA EM 4.90 ± 1.19 0.55 ± 0.12 5.27 ± 1.52 0.60 ± 0.13 0.42 0.24
RV SRB - 24.19 ± 2.66a - 26.71 ± 3.7ab -23.65 ± 2.59 - 24.31 ± 2.92b 0.08 0.03*

RV SRM - 29.96 ± 2.88c - 32.69 ± 3.64c -30.49 ± 3.92 - 30.88 ± 4.14 0.03* 0.44
PAP 38.49 ± 7.15d 34.51 ± 6.61d 34.74 ± 8.33 35.15 ± 10.07 0.01* 0.44
GLS - 15.11 ± 6.77 - 18.13 ± 1.68 -16.40 ± 1.22 - 18.12 ± 1.62 0.76 0.39
hsCRP 3.39(8.69) 3.30(5.22)e 4.20(5.14) 6.97(10.33)e 0.95 0.03*

GLS: Global Longitudinal Strain; LVEF: Left Ventricle Ejection Fraction; PAP: Pulmonary Artery Pressure; RA: Right Atrium; RV: 
Right Ventricle; SRB: Longitudinal Strain in Basal Segment of RV Free Wall; SRM: Longitudinal Strain in Mid Segment of RV Free 
Wall; TA: Tricuspid Annulus; TV: Tricuspid Valve.
ǂMedian and interquartile range (IQR) were shown; *Significant difference; ap < 0.001; bp = 0.01; cp < 0.001; dp = 0.001; ep = 0.04.

Table 3: Changes in spirometry parameters during the intervention.

Variable Atorvastatin group Placebo group p 
Within 
group

p
Between 
group

Before After Before After

FVC mean 2.27 ± 0.77 2.75 ± 0.26 2.88 ± 1.55 2.87 ± 0.53 0.11 0.05
FVC predicted% 74.60 ± 20.82 89.63 ± 0.47 80.47 ± 29.36 90.56 ± 11.62 0.50 0.33
FEV1 mean 1.39 ± 0.59 1.55 ± 0.16 1.67 ± 1.06 1.62 ± 0.41 0.29 0.20
FEV1 predicted% 57.61 ± 21.38 63.52 ± 0.75 64.30 ± 32.55 64.00 ± 11.49 0.40 0.37
FEV1/FVC 61.02 ± 13.57 57.04 ± 1.10 61.27 ± 12.44 57.17 ± 7.38 0.97 0.93
MMEFǂ 0.68(0.74) 0.88 ± 0.10 0.77(0.89) 0.92 ± 0.28 0.45 0.31
MMEF predicted%ǂ 32.90(29.90) 32.75 ± 1.62 27.25(38.80) 33.47 ± 7.96 0.66 0.56

FEV1: Forced Expiratory Volume in the first minute; FVC: Forced Vital Capacity; MMEF: Maximum Mid expiratory Flow.
ǂMedian and interquartile range (IQR) were shown.
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18. Carlson AA, Smith EA, Reid DJ (2015) The stats are in: An 
update on statin use in COPD. Int J Chron Obstruct Pulmon 
Dis 10: 2277-2784.
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bined with angiotensin-converting enzyme inhibitors 
and angiotensin receptor blockers, suggesting a possi-
ble cardiopulmonary protection induced by those drugs 

[35,36].

Some studies have suggested CRP as an inflamma-
tory marker on cardiac risk in COPD patients [37,38]. 
In our study, CRP decreased significantly after three 
months in patients in atorvastatin group. This finding 
was in line with the findings of a previous study [39]. In 
contrast to the findings of this study, Kaczmarek found 
no differences in the level of circulating inflammatory 
markers after a 3-month treatment with statin. The dif-
ference between the findings of the mentioned studies 
are because of non-comparable sample size and genet-
ic differences in study populations or the inclusion of 
COPD patients with pulmonary hypertension [30,40].

This study that patients with higher hsCRP had high-
er PAP. Furthermore, statins reduced hsCRP and PAP. 
Hence, we have to pay more attention to patient with 
higher CRP levels. By administrating such patient’s sta-
tin, PAP will decrease and we can prevent pulmonary 
hypertension. This study failed to identify any effect for 
statins on ejection fraction because the patients had 
normal ejection fraction before and after the usage of 
statins. Future studies are needed to evaluate the role 
of statins in COPD patients with systolic heart failure.

This study has few limitations. This study was not de-
signed to evaluate survival advantage and we did not 
follow our patients for a long duration, so future studies 
are needed with a longer follow up period. This study 
only assessed the effects of atorvastatin due to its avail-
ability and reasonable price.

Key-Message

Statins have been shown to have anti-inflammato-
ry properties in different diseases. The findings of this 
study proposed possible benefits for atorvastatin ad-
ministration in COPD patients.

Acknowledgement

The authors wish to thank Vice Chancellor for Educa-
tion and the Research Committee of University for their 
support.

Conflict of Interest

This research did not receive any specific grant from 
funding agencies in the public, commercial, or not-for-
profit sectors.

References
1. O’Donnell DE, Laveneziana P, Webb K, Neder JA (2014) 

Chronic obstructive pulmonary disease: Clinical integrative 
physiology. Clin Chest Med 35: 51-69.

2. Vestbo J, Hurd SS, Agustí AG, Jones PW, Vogelmeier C, et 
al. (2013) Global strategy for the diagnosis, management, 
and prevention of chronic obstructive pulmonary disease. 
Am J Respir Crit Care Med 187: 347-365.

https://doi.org/10.23937/2378-3516/1410085
https://www.ncbi.nlm.nih.gov/pubmed/17132052
https://www.ncbi.nlm.nih.gov/pubmed/17132052
https://www.ncbi.nlm.nih.gov/pubmed/17132052
https://link.springer.com/chapter/10.1007/978-1-907673-52-8_2
https://link.springer.com/chapter/10.1007/978-1-907673-52-8_2
https://www.ncbi.nlm.nih.gov/pubmed/24980707
https://www.ncbi.nlm.nih.gov/pubmed/24980707
https://www.ncbi.nlm.nih.gov/pubmed/24980707
https://www.ncbi.nlm.nih.gov/pubmed/24980707
https://www.ncbi.nlm.nih.gov/pubmed/26733230
https://www.ncbi.nlm.nih.gov/pubmed/26733230
https://www.ncbi.nlm.nih.gov/pubmed/26733230
https://www.ncbi.nlm.nih.gov/pubmed/25176971
https://www.ncbi.nlm.nih.gov/pubmed/25176971
https://www.ncbi.nlm.nih.gov/pubmed/25176971
https://www.ncbi.nlm.nih.gov/pubmed/24355635
https://www.ncbi.nlm.nih.gov/pubmed/24355635
https://www.ncbi.nlm.nih.gov/pubmed/24355635
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3595654/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3595654/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3595654/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3595654/
https://www.ncbi.nlm.nih.gov/pubmed/25525743
https://www.ncbi.nlm.nih.gov/pubmed/25525743
https://www.ncbi.nlm.nih.gov/pubmed/25525743
https://www.ncbi.nlm.nih.gov/pubmed/25525743
https://www.ncbi.nlm.nih.gov/pubmed/25525743
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4125330/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4125330/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4125330/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4125330/
https://www.ncbi.nlm.nih.gov/pubmed/14500337
https://www.ncbi.nlm.nih.gov/pubmed/14500337
https://www.ncbi.nlm.nih.gov/pubmed/14500337
https://www.ncbi.nlm.nih.gov/pubmed/14500337
https://www.ncbi.nlm.nih.gov/pubmed/15096457
https://www.ncbi.nlm.nih.gov/pubmed/15096457
https://www.ncbi.nlm.nih.gov/pubmed/15096457
https://www.ncbi.nlm.nih.gov/pubmed/15096457
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3982946/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3982946/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3982946/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3982946/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4639730/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4639730/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4639730/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4639730/
https://www.ncbi.nlm.nih.gov/pubmed/29069843
https://www.ncbi.nlm.nih.gov/pubmed/29069843
https://www.ncbi.nlm.nih.gov/pubmed/29069843
https://www.ncbi.nlm.nih.gov/pubmed/29069843
https://www.ncbi.nlm.nih.gov/pubmed/21493317
https://www.ncbi.nlm.nih.gov/pubmed/21493317
https://www.ncbi.nlm.nih.gov/pubmed/21493317
https://www.ncbi.nlm.nih.gov/pubmed/21493317
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4622484/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4622484/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4622484/
https://www.ncbi.nlm.nih.gov/pubmed/25719977
https://www.ncbi.nlm.nih.gov/pubmed/25719977
https://www.ncbi.nlm.nih.gov/pubmed/25719977
https://www.ncbi.nlm.nih.gov/pubmed/25719977
https://www.ncbi.nlm.nih.gov/pubmed/24507837
https://www.ncbi.nlm.nih.gov/pubmed/24507837
https://www.ncbi.nlm.nih.gov/pubmed/24507837
https://www.ncbi.nlm.nih.gov/pubmed/22878278
https://www.ncbi.nlm.nih.gov/pubmed/22878278
https://www.ncbi.nlm.nih.gov/pubmed/22878278
https://www.ncbi.nlm.nih.gov/pubmed/22878278


ISSN: 2378-3516DOI: 10.23937/2378-3516/1410085

Poorzand et al. Int J Respir Pulm Med 2018, 5:085 • Page 7 of 7 •

31. McMurtry MS, Bonnet S, Michelakis ED, Bonnet S, Haro-
my A, et al. (2007) Statin therapy, alone or with rapamycin, 
does not reverse monocrotaline pulmonary arterial hyper-
tension: The rapamcyin-atorvastatin-simvastatin study. Am 
J Physiol Lung Cell Mol Physiol 293: 933-940.

32. Ho T-W, Tsai Y-J, Ruan S-Y, Huang C-T, Lai F, et al. 
(2014) In-hospital and one-year mortality and their predic-
tors in patients hospitalized for first-ever chronic obstructive 
pulmonary disease exacerbations: A nationwide popula-
tion-based study. PLoS One 9: e114866.

33. Almagro P, Cabrera FJ, Diez J, Boixeda R, Ortiz MBA, et al. 
(2012) Comorbidities and short-term prognosis in patients 
hospitalized for acute exacerbation of COPD: The EPOC 
en Servicios de medicina interna (ESMI) study. Chest 142: 
1126-1133.

34. Sharif R, Parekh TM, Pierson KS, Kuo Y-F, Sharma G 
(2014) Predictors of early readmission among patients 40 
to 64 years of age hospitalized for chronic obstructive pul-
monary disease. Ann Am Thorac Soc 11: 685-694.

35. van Gestel YR, Hoeks SE, Sin DD, Simsek C, Welten GM, 
et al. (2006) Effect of statin therapy on mortality in patients 
with peripheral arterial disease and comparison of those 
with versus without associated chronic obstructive pulmo-
nary disease. Am J Cardiol 102: 192-196.

36. Mancini GJ, Etminan M, Zhang B, Levesque LE, FitzGerald 
JM, et al. (2006) Reduction of morbidity and mortality by 
statins, angiotensin-converting enzyme inhibitors, and an-
giotensin receptor blockers in patients with chronic obstruc-
tive pulmonary disease. J Am Coll Cardiol 47: 2554-2560.

37. Nillawar AN, Joshi KB, Patil SB, Bardapurkar JS, Bardapur-
kar SJ (2013) Evaluation of HS-CRP and Lipid Profile in 
COPD. J Clin Diagn Res 7: 801.

38. Broekhuizen R, Wouters EF, Creutzberg EC, Schols AM 
(2006) Raised CRP levels mark metabolic and functional 
impairment in advanced COPD. Thorax 61: 17-22.

39. Mroz RM, Lisowski P, Tycinska A, Bierla J, Trzeciak PZ, 
et al. (2015) Anti-inflammatory effects of atorvastatin treat-
ment in chronic obstructive pulmonary disease. A controlled 
pilot study. J Physiol Pharmacol 66: 111-128.

40. Kaczmarek P, Sladek K, Skucha W, Rzeszutko M, Iwaniec 
T, et al. (2010) The influence of simvastatin on selected 
inflammatory markers in patients with chronic obstructive 
pulmonary disease. Pol Arch Med Wewn 120: 11-17.

20. Holzhauser L, Hovnanians N, Eshtehardi P, Mojadidi MK, 
Deng Y, et al. (2017) Statin therapy improves survival in 
patients with severe pulmonary hypertension: A propensity 
score matching study. Heart Vessels 32: 969-976.

21. Laudi S, Trump S, Schmitz V, West J, McMurtry IF, et al. 
(2007) Serotonin transporter protein in pulmonary hyper-
tensive rats treated with atorvastatin. Am J Physiol Lung 
Cell Mol Physiol 293: 630-638.

22. Celli BR, MacNee W, Agusti A, Anzueto A, Berg B, et al. 
(2004) Standards for the diagnosis and treatment of pa-
tients with COPD: A summary of the ATS/ERS position pa-
per. Eur Respir J 23: 932-946.

23. McEntegart D (2014) Block Randomization. Encyclopedia 
of Statistical Sciences.

24. Chogtu B, Kuriachan S, Magazine R, Shetty KR, Kamath A, 
et al. (2016) A prospective, randomized study: Evaluation 
of the effect of rosuvastatin in patients with chronic obstruc-
tive pulmonary disease and pulmonary hypertension. Indi-
an J Pharmacol 48: 503-508.

25. Bartziokas K, Papaioannou AI, Minas M, Kostikas K, Banya 
W, et al. (2011) Statins and outcome after hospitalization 
for COPD exacerbation: A prospective study. Pulm Phar-
macol Ther 24: 625-631.

26. Ekström MP, Hermansson AB, Ström KE (2013) Effects 
of cardiovascular drugs on mortality in severe chronic ob-
structive pulmonary disease. Am J Respir Crit Care Med 
187: 715-720.

27. Kao PN (2005) Simvastatin treatment of pulmonary hyper-
tension: An observational case series. Chest 127: 1446-
1452.

28. Wilkins MR, Ali O, Bradlow W, Wharton J, Taegtmeyer A, et 
al. (2010) Simvastatin as a treatment for pulmonary hyper-
tension trial. Am J Respir Crit Care Med 181: 1106-1113.

29. Reed RM, Lacono A, DeFilipps A, Jones S, Eberlein M, 
et al. (2011) Statin therapy is associated with decreased 
pulmonary vascular pressures in severe COPD. COPD 8: 
96-102.

30. Moosavi SA, Raji H, Faghankhani M, Yazdani R, Esmaeili 
M (2013) Evaluation of the effects of atorvastatin on the 
treatment of secondary pulmonary hypertension due to 
chronic obstructive pulmonary diseases: A randomized 
controlled trial. Iran Red Crescent Med J 15: 649-654.

https://doi.org/10.23937/2378-3516/1410085
https://www.ncbi.nlm.nih.gov/pubmed/17675370
https://www.ncbi.nlm.nih.gov/pubmed/17675370
https://www.ncbi.nlm.nih.gov/pubmed/17675370
https://www.ncbi.nlm.nih.gov/pubmed/17675370
https://www.ncbi.nlm.nih.gov/pubmed/17675370
https://www.ncbi.nlm.nih.gov/pubmed/25490399
https://www.ncbi.nlm.nih.gov/pubmed/25490399
https://www.ncbi.nlm.nih.gov/pubmed/25490399
https://www.ncbi.nlm.nih.gov/pubmed/25490399
https://www.ncbi.nlm.nih.gov/pubmed/25490399
https://www.ncbi.nlm.nih.gov/pubmed/23303399
https://www.ncbi.nlm.nih.gov/pubmed/23303399
https://www.ncbi.nlm.nih.gov/pubmed/23303399
https://www.ncbi.nlm.nih.gov/pubmed/23303399
https://www.ncbi.nlm.nih.gov/pubmed/23303399
https://www.ncbi.nlm.nih.gov/pubmed/24784958
https://www.ncbi.nlm.nih.gov/pubmed/24784958
https://www.ncbi.nlm.nih.gov/pubmed/24784958
https://www.ncbi.nlm.nih.gov/pubmed/24784958
https://www.ncbi.nlm.nih.gov/pubmed/18602520
https://www.ncbi.nlm.nih.gov/pubmed/18602520
https://www.ncbi.nlm.nih.gov/pubmed/18602520
https://www.ncbi.nlm.nih.gov/pubmed/18602520
https://www.ncbi.nlm.nih.gov/pubmed/18602520
https://www.ncbi.nlm.nih.gov/pubmed/16781387
https://www.ncbi.nlm.nih.gov/pubmed/16781387
https://www.ncbi.nlm.nih.gov/pubmed/16781387
https://www.ncbi.nlm.nih.gov/pubmed/16781387
https://www.ncbi.nlm.nih.gov/pubmed/16781387
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3681041/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3681041/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3681041/
https://www.ncbi.nlm.nih.gov/pubmed/16055618
https://www.ncbi.nlm.nih.gov/pubmed/16055618
https://www.ncbi.nlm.nih.gov/pubmed/16055618
https://www.ncbi.nlm.nih.gov/pubmed/25716971
https://www.ncbi.nlm.nih.gov/pubmed/25716971
https://www.ncbi.nlm.nih.gov/pubmed/25716971
https://www.ncbi.nlm.nih.gov/pubmed/25716971
https://www.ncbi.nlm.nih.gov/pubmed/20150839
https://www.ncbi.nlm.nih.gov/pubmed/20150839
https://www.ncbi.nlm.nih.gov/pubmed/20150839
https://www.ncbi.nlm.nih.gov/pubmed/20150839
https://www.ncbi.nlm.nih.gov/pubmed/28303379
https://www.ncbi.nlm.nih.gov/pubmed/28303379
https://www.ncbi.nlm.nih.gov/pubmed/28303379
https://www.ncbi.nlm.nih.gov/pubmed/28303379
https://www.ncbi.nlm.nih.gov/pubmed/17575010
https://www.ncbi.nlm.nih.gov/pubmed/17575010
https://www.ncbi.nlm.nih.gov/pubmed/17575010
https://www.ncbi.nlm.nih.gov/pubmed/17575010
https://www.ncbi.nlm.nih.gov/pubmed/15219010
https://www.ncbi.nlm.nih.gov/pubmed/15219010
https://www.ncbi.nlm.nih.gov/pubmed/15219010
https://www.ncbi.nlm.nih.gov/pubmed/15219010
https://onlinelibrary.wiley.com/doi/abs/10.1002/0471667196.ess7243
https://onlinelibrary.wiley.com/doi/abs/10.1002/0471667196.ess7243
https://www.ncbi.nlm.nih.gov/pubmed/27721534
https://www.ncbi.nlm.nih.gov/pubmed/27721534
https://www.ncbi.nlm.nih.gov/pubmed/27721534
https://www.ncbi.nlm.nih.gov/pubmed/27721534
https://www.ncbi.nlm.nih.gov/pubmed/27721534
https://www.ncbi.nlm.nih.gov/pubmed/21729761
https://www.ncbi.nlm.nih.gov/pubmed/21729761
https://www.ncbi.nlm.nih.gov/pubmed/21729761
https://www.ncbi.nlm.nih.gov/pubmed/21729761
https://www.ncbi.nlm.nih.gov/pubmed/23328521
https://www.ncbi.nlm.nih.gov/pubmed/23328521
https://www.ncbi.nlm.nih.gov/pubmed/23328521
https://www.ncbi.nlm.nih.gov/pubmed/23328521
https://www.ncbi.nlm.nih.gov/pubmed/15821229
https://www.ncbi.nlm.nih.gov/pubmed/15821229
https://www.ncbi.nlm.nih.gov/pubmed/15821229
https://www.atsjournals.org/doi/abs/10.1164/rccm.200911-1699OC
https://www.atsjournals.org/doi/abs/10.1164/rccm.200911-1699OC
https://www.atsjournals.org/doi/abs/10.1164/rccm.200911-1699OC
https://www.tandfonline.com/doi/abs/10.3109/15412555.2011.558545
https://www.tandfonline.com/doi/abs/10.3109/15412555.2011.558545
https://www.tandfonline.com/doi/abs/10.3109/15412555.2011.558545
https://www.tandfonline.com/doi/abs/10.3109/15412555.2011.558545
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3918187/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3918187/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3918187/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3918187/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3918187/

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Methods
	Statistical analysis 

	Results
	Discussion
	Key-Message 
	Acknowledgement
	Conflict of Interest 
	Table 1
	Table 2
	Table 3
	Figure 1
	Figure 2
	References

