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Background. Several studies have reported that statins have anti-inflammatory effects. Nevertheless, results of clinical trials
concerning the effect of statins on the levels of C-reactive protein (CRP) and high-sensitivity CRP (hs-CRP) have been
inconsistent. Therefore, we performed a systematic review and meta-analysis of randomized clinical trials (RCTSs) evaluating
the effect of statins on CRP and hs-CRP levels in patients with cardiovascular diseases (CVDs). Methods. Literature search of
the major databases was performed to find eligible RCT's assessing the effect of statins on serum levels of CRP and hs-CRP
from the inception until the last week of April 2021. The effect sizes were determined for weighted mean difference (WMD)
and 95% confidence intervals (CI). Results. 26 studies were identified (3010 patients and 2968 controls) for hs-CRP and 20
studies (3026 patients and 2968 controls) for CRP. Statins reduced the serum levels of hs-CRP (WMD = —0.97 mg/L; 95% CI:
-1.26 to -0.68 mg/L; P <0.001) and CRP (WMD = -3.05 mg/L; 95% CI: -4.86 to -1.25mg/L; P <0.001) in patients with CVDs.
Statins decreased the serum levels of hs-CRP in patients receiving both high-intensity and moderate/low-intensity treatments
with these drugs. In addition, the duration of treatment longer than 10 weeks decreased hs-CRP levels. Only high-intensity
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statin treatment could marginally decrease serum levels of CRP in CVDs patients. Conclusions. This meta-analysis showed the
efficacy of statins to reduce the concentrations of CRP and hs-CRP in patients with different types of CVDs.

1. Introduction

Statins, which are 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) reductase inhibitors, are broadly used as
lipid-lowering drugs in patients with cardiovascular diseases
(CVDs) [1, 2]. Although several classes of newer agents have
been introduced in recent decades, statins still remain as the
cornerstone of management of dyslipidemias [3-6]. Statins
interfere with cholesterol synthesis in the liver cells and,
therefore, decrease the levels of total cholesterol and low-
density lipoprotein cholesterol (LDL-C) in serum [7]. Statins
have been associated with decreased mortality rate in
patients with CVDs. On the other hand, statins have anti-
inflammatory effects, and therefore, they might be beneficial
in diseases related to inflammation including not only ath-
erosclerosis [8] but also congestive heart failure (CHF) [9],
nephropathy [10], central nervous system (CNS) diseases
[11], autoimmune disease [12], sepsis [13], gastrointestinal
diseases [14], delirium [15], COVID-19 [16], bone remodel-
ing/osteoporosis [17], and macular degeneration [18]. How-
ever, the treatment with statins in these diseases is still not
widely accepted despite a wide range of lipid-independent
and pleiotropic actions [19-21].

C-reactive protein (CRP) is an acute phase protein that is
part of the pentraxin protein family. It is primarily produced
by liver cells and in small quantities by some other cells like
vascular smooth muscle cells and macrophages. Atheroscle-
rotic lesions also produce CRP [22]. A lot of evidence shows
that inflammatory events are underlying cause in the devel-
opment of cardiovascular events and atherosclerotic CVDs,
such as acute coronary syndromes (ACS) [23, 24]. CRP, as
a well-known marker of inflammation, has been associated
with atherosclerotic plaques development as well as with
destabilization of plaques and promotion of occlusive
thrombi [25]. CRP has been shown to injure the glycocalyx
of vascular endothelium resulting in dysfunction of endothe-
lium which is considered to be the first step in atherogenesis
[26]. CRP can induce the renin-angiotensin-aldosterone sys-
tem, and it enhances the proatherogenic function of angio-
tensin causing functional and structural modifications of
vessel walls, stiffness of vessels, vascular remodeling, and
interference with the regulatory systems of blood pressure
[27]. CRP also triggers the production of different matrix
metalloproteinases (MMP) in macrophages and endothelial
cells, and it suppresses the MMP inhibitors, causing destruc-
tion of collagen in the cap of the atherosclerotic plaque and
therefore destabilization and rupture of atherosclerotic pla-
ques [28]. Several approaches have been attempted to con-
trol inflammatory diseases by reducing the levels of serum
CRP [29, 30].

Statins reduce CRP levels by different mechanisms. Several
inflammatory cytokines like interleukin- (IL-) 6 are involved
in the stimulation of CRP production by hepatocytes. Statins
interrupt the production of IL-6 suppressing the stimulatory
effect of IL-6 on the generation of CRP. It is well known that

statins decrease the number of LDL particles resulting in
decreased levels of highly atherogenic oxidized-LDL (ox-
LDL) particles, which in turn decreases the generation of
inflammatory mediators by the atherosclerotic plaques that
stimulate the production of CRP. By upmodulating apoA-I,
statins can suppress the expression of E-selectin, intercellular
adhesion molecule-1 (ICAM-1), and vascular cell adhesion
molecule-1 (VCAM-1) on the activated endothelial cells caus-
ing a decreased production of CRP-stimulating factors [31].
Moreoever, in silico findings have suggested a direct interac-
tion between statin molecules and CRP [32].

A number of clinical trials have tried to prove the effects
of statins on lowering the levels of CRP and high-sensitivity
CRP (hs-CRP) in the context of preventing CVDs and car-
diovascular events [33-35]. JUPITER was the first trial
which prospectively assessed the effects of rosuvastatin
20 mg versus placebo on rates of cardiovascular events dur-
ing a maximum follow-up of 5 years (median 1.9 years),
according to on-treatment concentrations of LDL-C
(>1.8mmol/L or <1.8mmol/L) and hs-CRP (>2mg/L
or<2 mg/L) showing that not only decreased LDL-C but also
hs-CRP are indicators of successful treatment with a statin
[36]. Rosuvastatin reduced LDL-C levels by 50% and hs-
CRP levels by 37%. Additionally, the results of statin therapy
(pravastatin) on 472 randomly selected participants in the
Cholesterol and Recurrent Events (CARE) trial indicated
that median CRP levels and the mean change in CRP
decreased over time (5 years) among those allocated to prav-
astatin (median change, -17.4%; P = 0.004 and mean change,
-0.07 mg/dL; P = 0.002). Those allocated to placebo median
CRP levels and the mean change in CRP tended to increase
(median change, +4.2%; P=0.2 and mean change,
+0.07 mg/dL; P=0.04) [37]. However, the results of some
studies were inconsistent and inconclusive [38]. In order to
obtain a clear answer, we performed a systematic review
and a meta-analysis of randomized controlled trials (RCTs)
which evaluated the effects of statins in lowering CRP and
hs-CRP levels in different types of CVDs, such as ACS, myo-
cardial infarction (MI), coronary artery disease (CAD),
unstable angina, heart failure, stable atherosclerotic plaque,
and carotid artery stenting.

2. Methods

This study was performed following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement [39]. Since the study did not include any studies
with human participants or animals performed by any of
the authors of this article, ethical approval was not neces-
sary. The study was designed according to the international
PICOS format—Population (adults with CVDs), Interven-
tion (statins), Comparison/Comparator (control/placebo
group), Outcome (to explore whether statins change the
serum level of hs-CRP and CRP), and Study design (parallel
and crossover clinical trials).
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FiGure 1: PRISMA flow diagram of the study selection process.

2.1. Data Sources and Search Strategy. Online literature
search was performed in MEDLINE/PubMed, Scopus, and
ISI Web of Science databases, and all publications evaluating
the effect of statins on hs-CRP and CRP levels in patients
with CVDs were analyzed until the last week of April 2021.
During systematic search, the following MeSH terms and
key words were used: (statins* OR atorvastatin OR fluvasta-
tin OR pravastatin OR rosuvastatin OR lovastatin OR pita-
vastatin OR cerivastatin OR simvastatin) AND (random
OR “randomized controlled trial> OR “randomized trial”
OR “randomized study” OR “random number”) AND (“C-
reactive protein” OR CRP OR “high-sensitivity C-reactive
protein” OR “hs-CRP”) AND (“acute coronary syndromes”
OR ACS OR “coronary artery disease” OR CAD OR “heart
failure” OR “myocardial infarction” OR “atherosclerosis”
OR “stable angina” OR “unstable angina” OR “stable athero-
sclerotic plaques” OR angina). In order to increase the sensi-
tivity of the literature search, the reference lists of eligible
studies were scanned manually. Furthermore, no restrictive
filter was added to the search strategy.

2.2. Inclusion and Exclusion Criteria. Trials were included in
the quantitative analysis if they met the following criteria: (1)

studies with randomized controlled trial (RCT) design; (2)
RCTs considering the effect of statins on hs-CRP and CRP
serum level in patients with CVDs; and (3) RCTs with suffi-
cient, calculable, or convertible data regarding the mean
changes of hs-CRP and CRP, along with standard deviation
(SD) for both intervention and control groups. Age, gender,
dose and duration of statin therapy, and number of partici-
pants in both groups were not the cause of inclusion or
exclusion of studies. The publications were excluded if they
were performed on animals or in vitro or did not report
levels of hs-CRP and CRP both at starting point and at the
end of treatment. Meta-analyses, case reports, book chapters,
unpublished data, and gray literature (dissertations, congress
abstracts, and patents) were also excluded.

2.3. Study Selection and Data Extraction. Two independent
authors (TK and DI) performed a systematic search and
exported the results of primary search to the Endnote X9
software. Afterwards, duplicates were removed, and the
other studies were assessed by title and abstract and/or
full-text. Subsequently, the data of studies that fulfilled
inclusion criteria were extracted separately (TK and DI)
according to a predefined extraction form as follows: the
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Study ID WMD (95% CI) Weight%
Azar et al. (2005) -4.50 (-13.48, 4.48) 0.10
Marschang et al. (2006) -1.30 (-2.28,-0.32) 4.15
Sola et al. (2006) -2.00 (-2.49, -1.51) 6.46
Yang et al. (i) (2006) -5.23 (-10.03, -0.43) 0.35
Yang et al. (ii) (2006) 2.75(-1.77,7.27) 0.39
Chan et al. (i) (2008) -0.30 (-0.34, -0.26) 791
Chan et al. (ii) (2008) -0.27 (-0.32, -0.22) 7.91
Suzuki et al. (i) (2008) -0.12 (-0.38, 0.14) 7.45
Suzuki et al. (ii) (2008) 0.05 (-0.48, 0.58) 6.26
Vasilieva et al. (2008) 1.00 (<0.07, 2.07) 3.81
McMurray et al. (i) (2009) 0.42 (0.38, 0.46) 7.91
McMurray et al. (ii) (2009) -1.15(-1.28,-1.02) 7.80
Yun et al. (2009) - -68.00 (-108.62, -27.38) 0.01
Andreou et al. (2010) -10.70 (-19.75, -1.65) 0.10
Dohi et al. (2010) -0.50 (-1.25, 0.25) 5.20
Yun et al. (2011) ~7.00 (~12.31, -1.69) 0.29
Abulhul et al. (2012) -1.08 (-1.93, -0.23) 4.71
Guo et al. (i) (2012) -0.13 (-1.07, 0.81) 4.33
Guo et al. (ii) (2012) -1.80 (-2.66, —0.94) 4.67
Guo et al. (iii) (2012) ~1.99 (-2.82, ~1.16) 4.79
Guo et al. (iii) (2012) ~3.28 (-4.06, -2.50) 5.06
Jiao et al. (i) (2015) -5.48 (-7.10, -3.86) 2.28
Jiao et al. (ii) (2015) -1.16 (-1.63, -0.69) 6.55
Qiao et al. (2019) -2.57 (-4.69, -0.45) 1.52
Overall (I-squared = 98.2%, p<0.001) -0.97 (-1.26, -0.68) 100.00
NOTE: Weights are from random effects analysis
T T
-109 109
()
Study ID CRP WMD (95% CI) Weight%
i
Correia et al. (2003) * } ~12.20 (-23.24, -1.16) 2.10
\
Ostadal et al. (2003) e i -8.86 (-10.47, -7.25) 9.01
Macin et al. (2004) —_—— i -24.10 (-32.12, -16.08) 3.34
|
Li et al. (2005) . ~4.20 (-4.83, -3.57) 9.58
|
Link et al. (i) (2006) ; L 4 8.10 (-2.83, 19.03) 2.13
|
Link et al. (ii) (2006) } * 3.93 (=7.91, 15.77) 1.88
|
Link et al. (iii) (2006) —0}— -4.08 (-6.48, -1.68) 8.29
|
Li et al. (2007) —0—} -5.20 (-7.21,-3.19) 8.66
|
Patti et al. (2007) i T 2.50 (-0.74, 5.74) 7.40
|
Lewandowski et al. (i) (2008) ! b -0.20 (-1.86, 1.46) 8.96
|
Lewandowski et al. (ii) (2008) hd -1.95(-2.27,-1.63) 9.67
|
Nakagomi et al. (2012) K -0.80 (-1.30, -0.30) 9.62
|
Gruzdeva et al. (2016) ¢ -3.08 (-3.43, -2.73) 9.66
|
Strazhesko et al. (2016) | * 1.50 (1.46, 1.54) 9.70
|
Overall (I-squared = 99.2%, p<0.001) <> -3.50 (-4.86, -1.25) 100.00
l
NOTE: Weights are from random effects analysis |
|

-32.1

FIGURE 2: Forest plot presenting WMD and 95% CI for the effect of statin administration on hs-CRP (a) and CRP (b) levels in the overall

population.

(b)

32.1
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Study ID hs-CRP WMD(95% CI) Weight%

Moderate / Low dose of statins
Marschang et al. (2006) -1.30 (-2.28,-0.32) 4.15
Sola et al. (2006) -2.00 (-2.49, -1.51) 6.46
Yang et al. (i) (2006) ~5.23 (~10.03, -0.43) 0.35
Yang et al. (ii) (2006) 2.75(-1.77,7.27) 0.39
Chan et al. (i) (2008) -0.30 (-0.34, -0.26) 791
Chan et al. (ii) (2008) -0.27 (-0.32, -0.22) 7.91
Suzuki et al. (i) (2008) -0.12 (-0.38, 0.14) 7.45
Suzuki et al. (ii) (2008) 0.05 (-0.48, 0.58) 6.26
McMurray et al. (i) (2009) 0.42 (0.38, 0.46) 7.91
McMurray et al. (ii) (2009) -1.15(-1.28, -1.02) 7.80
Andreou et al. (2010) ¢ -10.70 (-19.75, -1.65) 0.10
Dohi et al. (2010) -0.50 (-1.25, 0.25) 5.20
Guo et al. (i) (2012) ~0.13 (~1.07, 0.81) 433
Guo et al. (ii) (2012) ~1.80 (~2.66, -0.94) 4.67
Subtotal (I-squared = 98.8%, p <0.001) -0.59 (-0.92, -0.26) 70.89

High dose of statins

Vasilieva et al. (2008) 1.00 (-0.07, 2.07) 3.81
Yun et al. (2009) - -68.00 (-108.62, -27.38)  0.01
Abulhul et al. (2012) -1.08 (-1.93, -0.23) 4.71
Guo et al. (iii) (2012) ~1.99 (-2.82, ~1.16) 4.79
Guo et al. (iiii) (2012) -3.28 (-4.06, -2.50) 5.06
Jiao et al. (i) (2015) ® -5.48 (-7.10, -3.86) 2.28
Jiao et al. (ii) (2015) -1.16 (-1.63, -0.69) 6.55
Qiao et al. (2019) -2.57 (-4.69, -0.45) 1.52
Subtotal (I-squared = 91.2%, p <0.001) -2.05 (-3.28,-0.82) 28.72
Overall (I-squared = 98.2%, p <0.001) -0.97 (-1.26, -0.68) 100.00

NOTE: Weights are from random effects analysis

-109 0 109
()
Study ID CRP WMD(95% CI) Weight%
T
High dose of statins |
Correia et al. (2003) < : -12.20 (-23.24, -1.16) 2.10
Macin et al. (2004) — ! -24.10 (-32.12, -16.08) 3.34
1
Link et al. (i) (2006) ! * 8.10 (-2.83,19.03) 2.13
Link et al. (ii) (2006) | 2 3.93 (-7.91, 15.77) 1.88
Link et al. (iii) (2006) _‘:!_ -4.08 (-6.48, -1.68) 8.29
Patti et al. (2007) | o 2.50 (-0.74, 5.74) 7.40
Lewandowski et al. (i) (2008) i - -0.20 (-1.86, 1.46) 8.96
Lewandowski et al. (ii) (2008) “‘ -1.95(-2.27,-1.63) 9.67
Subtotal (I-squared = 86.4%, p<0.001) <> -2.70 (-5.46, 0.06) 43.77
1
1
|
Moderate / Low dose of statins |
Li et al. (2005) ‘; -4.20 (-4.83, -3.57) 9.58
1
Li et al. (2007) = -5.20 (-7.21, -3.19) 8.66
Gruzdeva et al. (2016) ¢ -3.08 (-3.43,-2.73) 9.66
1
Strazhesko et al. (2016) ! . 1.50 (1.46, 1.54) 9.70
Subtotal (I-squared = 99.7%, p<0.001) <> -2.69 (-6.12,0.74) 37.60
|
1
1
Overall (I-squared = 99.2%, p<0.001) <> -3.05 (-4.86, -1.25) 100.00
|
NOTE: Weights are from random effects analysis |
T T
-32.1 0 32.1
(b)

F1GURE 3: Forest plot presenting WMD and 95% CI for the effect of statin administration on hs-CRP and CRP levels in subgroup analysis by
dose; (a) hs-CRP and (b) CRP.
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F1GURE 4: Trial sequence analysis of all the included studies for the effect of statin administration on the serum levels of hs-CRP (a) and CRP
(b). Cumulative Z-curve (dashed blue lines), conventional boundary (green horizontal lines), trial sequential monitoring boundaries (inward
sloping purple line), and required information sizes (purple vertical lines).

first author’s last name, the name of the journal, year of
publication, country of origin, ethnicity, study design,
mean or range of age, dosage of statin (mg/day), duration
of treatment (weeks), sample size, and the mean and SD
of the hs-CRP and CRP levels before and after the treat-
ment with statins. The extracted data were compared by
two authors (TK and DI), and any discrepancy was

resolved by consensus, and in the case in which they did
not reach a definite conclusion, the data were compared
with the original article.

2.4. Quality Assessment. Jadad tool was used for evaluating
the quality of RCTs by assessing the randomization, blind-
ing, and dropouts (withdrawals) [40]. This scale ranges from
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FIGURE 5: Nonlinear dose-response relations between dosage statin administration and WMD in hs-CRP: (a) high dose of statins and (b)

moderate/low dose of statins.

0 to 5, and studies with scores <2 and >3 were considered
low- and high-quality studies, respectively.

2.5. Statistical Analysis. The effects of treatment with statins
on hs-CRP and CRP levels were expressed by weighted mean
difference (WMD), with 95% confidence interval (CI) as the
continuous variable. If the outcomes were reported as the
median, range, mean, standard error (SE), or CI, they were
converted into the mean and standard deviation (SD). Cir-
culating hs-CRP and CRP concentrations were expressed
in mg/L. The degree of heterogeneity was measured using
I? and Cochrane’s Q tests. Accordingly, heterogeneity was
considered significant if I*> was >50% and Cochrane’s Q
was P <0.10, while I* < 50% and Cochrane’s Q (P >0.10)

did not prove a heterogeneity [41, 42]. Random-effects
model (REM) and fixed-effects model (FEM) were used in
the presence and absence of heterogeneity, respectively.
The potential publication bias was evaluated by visual
inspection of asymmetry and Egger’s regression test (P value
less than 0.05 was considered significant) [43, 44]. Sensitivity
analysis was used to express the impact of each publication
on the pooled effect size by removing one study at a time.
In order to find predefined source of heterogeneity, sub-
group analyses and metaregression analyses were performed.
Subgroup analyses were performed considering the dosage
of statins (high intensity statin therapy and moderate/low
intensity statin therapy) [45], treatment duration (>10 and
<10 weeks), and characteristics of statins (hydrophilic and
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TaBLE 2: The effects of statin therapy on hs-CRP and CRP levels in overall population and subgroup analyses.
Test of
Parameter Number of arms ~ Weighted mean difference 95% CI (P value) heterogeneity
I* (%) P
hs-CRP
Overall 26 -0.97 -1.26, -0.68 (<0.001) 982  <0.001
Dosage category
High intensity 8 -2.05 -3.28,-0.82 (<0.001) 91.2  <0.001
. <10 5 -2.20 -4.59, 0.20 (0.07) 92.7 <0.001
Treatment duration (weeks)
>10 3 -2.13 -3.39, -0.86 (0.001) 86.1 <0.001
Hydrophilic 3 -4.19 -9.10, 0.73 (0.09 94.4 <0.001
Hydrophilicity/lipophilicity Y PA . (0.09)
Lipophilic 5 -1.55 -3.02, -0.09 (0.03) 90.8 <0.001
Moderate/low intensity 16 -0.59 -0.92, -0.26 (0.02) 98.8 <0.001
. <10 5 -3.67 -10.94, -0.43 (0.32) 79 <0.001
Treatment duration (weeks)
>10 11 -0.57 -0.90, -0.25 (0.001) 99.1 <0.001
Hydrophilic 4 -0.41 -1.64, 0.81 (0.50 99.4 <0.001
Hydrophilicity/lipophilicity Y p. . (0.50)
Lipophilic 11 -0.49 -0.67, -0.30 (0.001) 88.1 <0.001
CRP
Overall 20 -3.05 -4.86, -1.25 (<0.001)  99.2  <0.001
Dosage category
High intensity 11 -2.70 -5.467, 0.06 (0.05) 864  <0.001
Hydrophilic 3 1.19 -7.13, 9.51 (0.77 66.8 <0.001
Hydrophilicity/lipophilicity Y p. . ©.77)
Lipophilic -3.82 -7.38, -0.26 (0.03) 90.9 <0.001
Moderate intensity -2.69 -6.12, 0.74 (0.12) 99.2  <0.001

lipophilic) [46]. The nonlinear potential effects for dosage
and treatment duration by statins were analyzed using frac-
tional polynomial modeling. All statistical tests for this
meta-analysis were performed with STATA statistical soft-
ware (version 14.0; Stata Corporation, College Station, TX,
USA) and SPSS (version 23.0; SPSS, Inc. Chicago, IL, USA).

2.6. Trial Sequential Analysis. In order to minimize random
errors, trial sequential analysis (TSA) was performed at a
level of type-I error 5%, the statistical test power (80%), rel-
ative risk reduction (RRR) (20%), and a two-sided boundary
type. When the Z-curve crossed the trial sequential monitor-
ing boundaries or the required information size (RIS) line,
reliability of evidence was confirmed. If the Z-curve did
not cross the trial sequential monitoring boundaries or the
RIS line, more studies were implicated.

3. Results

3.1. Study Characteristics. A total of 5850 articles were iden-
tified by the systematic literature search of databases. After
excluding 210 duplicate publications and removing 5513
irrelevant publications based on titles/abstracts on 127 stud-
ies, full-text screening was performed. 96 were excluded
based on the inclusion criteria because they were reviews
or did not report sufficient or extractable data or did not
have a control group. Finally, 31 publications were included
in this meta-analysis, 17 publications (26 arms) for hs-CRP,
and 14 publications (20 arms) for CRP. All included studies
were performed in this century, and they were performed in

different countries including China, Taiwan, Korea, Leba-
non, Japan, Australia, the USA, Brazil, Argentina, the UK,
Ireland, Greece, Russia, Italy, Poland, Germany, Czech
Republic, and Turkey. The flow diagram of study selection
is presented in Figure 1. Considering the study design, all
studies were RCT. The sample size of the included studies
ranged from 9 to 1216 participants, and treatment duration
was between 1 to 96 weeks. Based on the Jadad scale, most of
included studies received scores >3 and were considered
moderate to high quality. Other characteristics of the ana-
lyzed publications are reported in Table 1.

3.2. Meta-Analyses of the Effect of Statins on the Serum Level
of hs-CRP. Seventeen publications with 26 arms including
3010 participants who received statins and 2968 participants
in control groups who did not receive statins or received pla-
cebo were included in this meta-analysis. Among them, 12
publications were performed in Asian countries [47-57], 4
publications in European countries [58-61], and only one
study in the USA [62]. Overall population analysis showed
that statins decreased the serum level of hs-CRP
(WMD =-0.97mg/L; 95% CI: -1.26 to -0.68mg/L; P <
0.001; I*: 98.2, Pyererogeneity > 0-001, Figure 2). To find more

specific results, the eligible studies were stratified by dosage
of statins—high-intensity statin and moderate/low-intensity
statin treatment. Based on that, statins decreased the serum
level of hs-CRP in both high-intensity
(WMD =-2.05mg/L; 95% CI: -3.28 to -0.82mg/L; P<
0.001; I*: 912, Ppyerogencity > 0-001) and moderate/low-
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F1GURE 6: Random effects metaregression plots of the association between WMD of hs-CRP, CRP, and statin administration based on (a) hs-

CRP (dosage), (b) hs-CRP (publication year), (c) CRP (dosage), and (d) CRP (treatment duration).

TaBLE 3: Findings from metaregression analysis on the effects of
statin therapy on hs-CRP and CRP levels.

Parameter Coeflicient Standard 95% CI P
error value
Hs-CRP
-0.071,
Dosage -0.022 0.023 0.025 0.34
Treatment -0.047,
duration -0.001 0.022 0.044 0.94
.. -0.481,
Publication year -0.218 -1.72 0.045 1
CRP
-0.219,
Dosage -0.007 0.069 0203 0.93
Treatment -0.184,
duration 0.116 0.138 0.417 0.84
.. -0.234,
Publication year 0.636 0.399 1508 0.13

intensity groups (WMD =-0.59 mg/L; 95% CI: -0.92 to-
026 mg/L; P=0.02; I*: 98.8, Pheerogencity > 0-001). hs-CRP
level in the group that was treated with high-intensity
statin therapy > 10 weeks (WMD =-2.13mg/L; 95% CI:
-3.39 to -0.86 mg/L; P=0.001; I*: 86.1, Py erogencity > 0-001)
and moderate/low-intensity statin therapy > 10 weeks
(WMD =-0.57mg/L; 95% CI: -0.90 to -0.25mg/L; P=
0.001; I*: 99.1, Ppeterogeneity > 0-001) (Figure 3) was also
decreased when compared with the control group. These
findings were not significant for treatment duration <10
weeks in both dosage groups. Unlike hydrophilic statins,
lipophilic statins significantly decreased the level of hs-CRP
in both high- and moderate/low-intensity statin treatment
groups. The results of TSA demonstrated that the cumula-
tive Z-curve crossed the conventional boundary (P =0.05)
which confirmed the finding of meta-analysis, but it did

not cross trial sequential monitoring boundaries and did
not reach the required information sizes (n =9499). These
findings suggested that the cumulative evidence was not
enough and that more studies are required for a final conclu-
sion (Figure 4).

3.3.  Dose-Response  Effect of Statins on  hs-CRP
Concentration. The test for a nonlinear dose-response rela-
tionship was performed and demonstrated a nonlinear trend
of moderate/low dose of statin treatment on hs-CRP con-
centration (Figure 5). The other dose and time response
analyses could not confirm the presence of any significant
trend on hs-CRP concentration (Table 2).

3.4. Meta-Analyses of the Effect of Statins on the Serum Level
of CRP. Fourteen publications with twenty arms which
included 3026 patients who were treated with statins and
2968 individuals in the control group provided data for the
effect of statins on serum concentration of CRP. Among
the included studies, four publications were performed on
Asians [63-66], seven publications were performed on Euro-
peans [38, 67-72], and three publications were performed
on Americans [73-75]. The pooled effect indicated that
treatment with statins significantly reduced CRP concentra-
tions (WMD = -3.05mg/L; 95% CI: -4.86 to -1.25mg/L; P
<0.001; I7: 99.2, Pyeqerogeneity > 0-001) (Figure 2). The studies
were categorized to find influence of statin dose on CRP
level. High-intensity statin therapy marginally decreased
serum level of CRP (WMD = -2.70 mg/L; 95% CI: -5.46 to
0.06 mg/L; P=0.05 I’ 86.4, Ppyerogencity > 0-001) unlike
moderate/low-intensity therapy (WMD = -2.69 mg/L; 95%
CL -6.12 to -0.74mg/L; P=0.12; % 99.2, Pyerogencity >
0.001) (Figure 3). The results showed that lipophilic statins
are more effective in  decreasing CRP level
(WMD = -3.82 mg/L; 95% CI: -7.38 to -0.26 mg/L; P =0.03
5 1%:90.9, Ppgierogencity > 0-001). As indicated in Figure 4, the
cumulative Z-curve crossed the traditional boundary lines,
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FIGURE 7: Funnel plot detailing publication biases in the studies included in the meta-analysis; (a) hs-CRP and (b) CRP.

and trial sequential monitoring boundary confirmed that the
pooled result was reliable, although the cumulative sample
size did not transcend the RIS.

3.5. Dose-Response Effect of Statins on CRP Concentration.
We evaluated the dose-response relationship between the
dose of statins and duration of treatment on CRP concentra-
tion. No evidence for the nonlinear relationship between
CRP level and the dose of statin and duration of treatment
was observed (Table 2).

3.6. Heterogeneity and Metaregression Analysis. The degree
of heterogeneity was measured by I* and Cochrane’s Q tests.
A significant heterogeneity was observed in most of analyses.
In these cases, REM was used. Metaregression analysis was
used to find potential source of heterogeneity. However, it

showed that the effect of statins on hs-CRP and CRP was
not affected by treatment duration, dosage of statins, and
publication year of the studies (Figure 6 and Table 3).

3.7. Publication Bias and Sensitivity Analysis. The result of
Egger’s linear regression test (hs-CRP [z=1.29,P=0.19]
and CRP [z=1.98, P =0.08]) and funnel plots did not sug-
gest any evidence of publication bias (Figure 7). In the sen-
sitivity analysis of included studies, no individual study
significantly affected the pooled effect size, proving the reli-
ability of the results (Figure 8).

4. Discussion

It is well established that statins have beneficial effects on
prevention of CVDs and cardiovascular events by lowering
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FIGURE 8: Leave-one-out sensitivity analyses of the statin therapy effect on serum hs-CRP (a) and CRP (b) level.

LDL-C and total cholesterol levels and having anti-  markers of inflammation can reduce cardiovascular events.
inflammatory effects. Studies have proven that CRP and  Elevated LDL-C is not decreased only by drugs like statins.
hs-CRP, as nonspecific markers of inflammation, are  Cicero et al. showed that red yeast rice (RYR) is among the
involved in the pathogenesis of CVDs. Studies have shown  most effective cholesterol-lowering nutraceutical which
that reduction of LDL-C, total cholesterol levels, and  causes a reduction in LDL-C plasma levels up to 15% to
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25% within 6 to 8 weeks. The decrease in LDL-C is accom-
panied by a proportional decrease in hs-CRP [76]. Further-
more, results of a robust meta-analysis showed that
bempedoic acid is an efficient drug for lowering total choles-
terol (by 15%), LDL-C (by 22.9%), apolipoprotein B (by
15.2%), and hs-CRP (by 27%) [77]. Several studies have tried
to explain the role of statins in decreasing lipid levels and
improving inflammation in prevention of different diseases,
especially CVDs. Many of these studies had serious limita-
tions such as little sample size, and they lacked statistical
power. However, by pooling the results of different studies
in a meta-analysis, it was possible to prove the effect of treat-
ment with statins on these markers of inflammation. We
performed a meta-analysis of 17 publications involving
3010 patients and 2968 controls for hs-CRP and 14 publica-
tions involving 3026 patients and 2968 controls analyzing
the anti-inflammatory effects of statins by decreasing CRP
and hs-CRP levels in different CVDs, including ACS, MI,
CAD, unstable angina, heart failure, stable atherosclerotic
plaques, and carotid artery stenting. The results indicated a
significant beneficial anti-inflammatory effects of statins in
patients with CVDs by decreasing the concentrations of
CRP and hs-CRP in serum of these patients.

Previously, a number of meta-analyses have evaluated
the effects on statins in CVDs. A most recent meta-analysis
of 12 articles with 1,180 participants could not find any sig-
nificant difference between patients treated with statins and
those who were not treated when hs-CRP was concerned
[78]. In a systematic review by Balk et al. published in
2003, statin therapy was effective in reducing levels of CRP
but this effect was not dose-dependent. However, this study
showed that there was no correlation between the effect of
statins on CRP levels or lipids or cardiovascular outcomes
[79]. Lipinski et al. in 2009 performed a meta-analysis and
demonstrated that patients randomized to statins had a sig-
nificant (4.2%) increase in left ventricular ejection fraction at
follow-up and less hospitalizations due to deterioration of
heart failure. However, treatment with statins did not affect
all-cause or cardiovascular mortality in patients with heart
failure [80]. A most recent study including 10,106 Finnish
men without heart failure at baseline after an 8.8-year
follow-up showed that several novel inflammatory biomark-
ers were associated with incident heart failure, suggesting
early activation of respective pathways in the pathogenesis
of heart failure [81]. A meta-analysis published in 2017
reported that pretreatment with statins was associated with
lower levels of CRP postoperatively in patients who had cor-
onary artery bypass graft surgery [82].

This most up-to-date meta-analysis of studies evaluating
the effects of statins on CVDs indicated that statins signifi-
cantly decreased levels of hs-CRP in patients with CVDs.
The stratification of studies by dosage of statins suggested
that statins decreased the serum levels of hs-CRP in patients
who were treated with both high-intensity and moderate/
low-intensity statin therapies. In addition, subgrouping
based on the duration of statin treatment showed that treat-
ment duration for more than 10 weeks decreased hs-CRP
levels. Unlike hydrophilic statins, lipophilic statins signifi-
cantly decreased the level of hs-CRP in both high- and mod-

Mediators of Inflammation

erate/low-intensity ~ statin treatments. Regarding the
influence of lipophilic statins, the findings of this meta-
analysis are not in accordance with the results of Kim et al.
They indicated that lipophilicity/hydrophilicity of statin
did not have any effect on hs-CRP levels [83]. This study
also suggests that treatment with statins significantly
reduced CRP levels in CVDs patients. Considering different
dosage of statins, only high-intensity statin treatment could
marginally decrease the serum level of CRP in CVDs
patients. Lipophilic statins were more effective in decreasing
the level of CRP. The potential mechanistic role of CRP in
plaque formation and subsequently an increased risk of
CVDs and cardiovascular events are complex. However, the-
oretically, CRP could facilitate monocyte adhesion and
transmigration into the vessel wall which is an early step in
the atherosclerotic process. Besides, polarization of M1 mac-
rophage by CRP is a proinflammatory trigger in plaque for-
mation which causes macrophage infiltration in both
adipose tissue and atherosclerotic lesions [84, 85].

The test for dose-response relationship between statins
and levels of CRP and hs-CRP indicated a nonlinear trend
of moderate/low dose of statins on hs-CRP concentration.
However, no evidence for a nonlinear dose-response rela-
tionship was observed between the dose of statins and CRP
level. The results of TSA for hs-CRP demonstrated that the
cumulative evidence was not enough and that more studies
are required for a final conclusion. Nevertheless, based on
the results of TSA for CRP, trial sequential monitoring
boundary indicated that the pooled result was reliable,
although the cumulative sample size was lower than the
expected level. Therefore, more studies are needed, at least
regarding the effects of statins on hs-CRP, to prove without
any doubt the beneficial effects of statins in patients with dif-
ferent CVDs concerning inflammatory factors.

The strength of this meta-analysis is that it included
RCTs that provided the strongest level of evidence and
had methodologically reliable quality. Additionally, TSA
was performed for the first time in evaluating the effect
of statins on CRP and hs-CRP levels and it indicated that
pooled evidence concerning hs-CRP was not sufficient and
that more studies are required to find a clear answer to
the question about the effects of statins on hs-CRP. How-
ever, TSA results suggested that the pooled result was reli-
able based on the currently available data. One of the
advantages of this meta-analysis was also sufficient num-
ber of studies included.

Despite our best attempt to implement a flawless sys-
tematic review and meta-analysis on the effect of statins
on serum levels of hs-CRP and CRP in patients with
CVDs, several limitations and caveats are still present.
The first is the omission of unpublished trials with nega-
tive outcomes which is a common problem of all meta-
analyses. The second problem is that heterogeneity was
detected across most of our analyses. From statistical per-
spective, this heterogeneity describes the variability
between included studies and may originate from clinical
or methodological heterogeneity, from other unreported,
unknown study characteristics, or may be due to chance.
Therefore, to find any sources of heterogeneity and
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attenuate their effects, we performed a subgroup analysis
and weighted meta-regression. The results of meta-
regression showed that neither the treatment duration
nor dosage of statins or publication year of studies was
the expected source of heterogeneity. Furthermore, the
other way of dealing with statistical heterogeneity, which
we used in our analysis, was to incorporate a random-
effects model which typically produces more conservative
estimates of the significance (a wider confidence interval)
since it gives proportionately higher weights to smaller
studies and lower weights to larger studies than fixed effect
analysis. Third, the major limitation of this study was that
no data on the effects of statins on the clinical outcomes
in patients with different CVDs were analyzed.

Statins have non-lipid-lowering pleiotropic effects
including anti-inflammatory, reducing the levels of free fatty
acids, IL-6, and PAI-1 and improving adipokine status
[86-94]. Therefore, more studies exploring these effects on
CVDs should be performed. The clinical outcomes of non-
lipid-lowering pleiotropic effects of statins should be more
thoroughly analyzed in future studies.

5. Conclusion

It could be concluded that this meta-analysis showed that
statins can be effective in reducing CRP and hs-CRP levels
in patients with CVDs, particularly those with ACS, CAD,
stable atherosclerotic plaques, unstable angina, and MI.
The meta-analysis showed that the current level of data for
evaluating the effects of statins on CRP is almost sufficient,
but further studies are required in order to clearly prove
the beneficial effect of statins on hs-CRP level in patients
with CVDs. Finally, although statistical analysis showed
robust findings because of some limitations of the study
these data should be interpreted with caution.
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