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ARTICLE INFO ABSTRACT

Keywords: Background: No earlier study summarized findings on the effect of statins on inflammatory biomarkers in ap-
Cytokines parently healthy individuals or those with chronic diseases. This study was done to systematically review earlier
Healthy publications on the effect of statins on serum concentrations of C-reactive protein (CRP) and Interleukin-6 (IL-6)
Inflammation in apparently healthy individuals or those with chronic diseases.

g:t;:nalym Methods: We searched relevant publications published up to December 2018 in PubMed, MEDLINE, SCOPUS,

EMBASE, and Google Scholar databases. For this purpose, suitable MESH and non-MESH keywords were used.
Randomized placebo-controlled clinical trials that examined the effect of statins on serum concentrations of CRP
and IL-6 in apparently healthy adults or those with chronic diseases were included.

Results: Overall, 18 studies with 23 effect sizes, that enrolled 32,156 individuals (38% female and 62% male;
mean age: 44.79 years) were included. When we combined 21 effect sizes from 16 studies, we observed a sig-
nificant reduction in circulating levels of CRP following administration of statins [Weighted Mean Difference
(WMD): —0.80; 95% CI: —1.05, —0.56]. Combining 12 effect sizes from 11 studies, a significant reduction was
found in serum CRP concentrations following administration of Atorvastatin (WMD: —0.57; 95% CI: —0.78,
—0.35). Pooling 5 effect sizes from 2 studies, we found a significant reduction in serum concentrations of CRP
following administration of Simvastatin (WMD: —0.29; 95% CI: —0.49, —0.10; I? = 88.5%). Combining 6 effect
sizes from 5 studies, we found a significant reduction in serum IL-6 concentrations after Atorvastatin therapy
(WMD: —2.13; 95% CL: —3.96, —0.30; I* = 98.6%).

Conclusions: In conclusion, we found that statins administration in apparently healthy people or those with
chronic diseases help reducing serum CRP concentrations. In addition, Atorvastatin administration resulted in
reduced serum IL-6 concentrations in these people.

1. Introduction

Low-grade systematic inflammation is a chronic condition which is
known by consistent high serum concentrations of pro-inflammatory
cytokines [1]. It has been associated with a higher risk of several me-
tabolic conditions, including diabetes, obesity, Metabolic Syndrome
(MtS), Cardiovascular Disease (CVD) [2,3], and Non-alcoholic Fatty
Liver Disease (NAFLD) [4].

Several strategies, including different medications, are used to

reduce low grade inflammation [5]. Statins are a well-known class of
cholesterol-lowering medicines [6] that their anti-inflammatory effects
have been reported in some recent studies [7-9]. Combining statins
with metformin in women with polycystic ovarian syndrome resulted in
a significant reduction in inflammation [10]. Administration of statins
in renal dialysis patients resulted in reduced inflammation as well [11].
Although several publications have summarized findings on the effect
of statins on inflammation in different diseases [12,13], no study is
available in apparently healthy individuals or those with chronic
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18 Randomized Clinical Trials (23 effect sizes) included in the systematic review
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11 studies (12 effect sizes) included in the meta-analysis of Atorvastatin and CRP
2 studies (5 effect sizes) included in the meta-analysis of Simvastatin and CRP
3 studies (4 effect sizes) included in the meta-analysis of Rosuvastatin and CRP

5 studies (6 effect sizes) included in the meta-analysis of Atorvastatin and IL-6

Fig. 1. Flow-diagram of study selection.

diseases. Beyond their cholesterol lowering effects, statins have mod-
ulatory effects in the stability of atherosclerotic plaques, the production
of pro-inflammatory cytokines and reactive oxygen species, as well as in
the reactivity of platelets [14]. Unlike disease situation, the effect of
statins on inflammation in apparently healthy individuals is con-
troversial. Administration of a high-dose of atorvastatin reduced in-
flammatory biomarkers in individuals with MetS [15]. Reduced serum
C-reactive protein (CRP) concentrations in healthy individuals was re-
ported following four weeks taking of Atorvastatin [16]. However,
some studies did not find a significant effect of statins on serum con-
centrations of inflammatory cytokines in apparently healthy subjects
[17,18].

To the best of our knowledge, there is no study available that sys-
tematically reviewed findings of earlier studies on the effect of statins
on serum concentrations of inflammatory biomarkers in apparently
healthy individuals or those with chronic diseases. Therefore, we con-
ducted this study to systematically review previous publications on the
effects of statins on inflammatory biomarkers in apparently healthy
individuals or those with chronic diseases and to provide a summary
estimate of this effect through the application of a meta-analysis.

2. Methods
2.1. Search strategy

We used following MESH and non-MESH keywords to find relevant
articles published up to December 2018 in PubMed, MEDLINE,
SCOPUS, EMBASE, and Google Scholar databases:
((“Atorvastatin”[tiab] OR “Atorvastatin”[MESH] OR
“Rosuvastatin”[tiab] OR “Simvastatin”[tiab] OR “Simvastatin”[MESH])
AND (“Inflammation” OR ”Inflammatory biomarker” OR ”Interleukin-
10” OR ”Interleukin-8” OR ”Interleukin-6” OR ”"Tumor necrosis factor”
OR ”C- Reactive protein” OR "Transforming growth factor beta” OR
“Cytokine” OR ”Acute phase reactant” OR "Matrix metalloproteinase”
OR ”e-selectin” OR ”p-selectin” OR ”Intercellular adhesion molecule-1”
OR ”"Monocyte chemotactic protein 1” OR ”Inflammation Mediator” OR
"Neurogenic Inflammation” OR “Myokine” OR “Adipokine” OR
“Interleukin-1B” OR “Interleukin” OR ”Systemic inflammation” OR
"Biological marker”)). Duplicate citations removed. We restricted our
searches to RCTs published in English language. In addition, reference
lists of all relevant review articles and other relevant publications were
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Fig. 2. Forest plot for the effect of Atorvastatin on serum CRP concentrations; expressed as the mean differences between the intervention and the control. The area of
each square is proportional to the inverse of the variance of the WMD. Horizontal lines represent 95% CIs. Diamonds represent pooled estimates from random-effects
analysis.

Table 2
Subgroup analysis for the effect of Atorvastatin on serum concentrations of CRP.
Subgroup Number of effect sizes Effect size (95% CI) P P Within P Between
Overall 12 —0.57 (—0.78, —0.35) 89.2 < 0.001 -
Study duration 0.001
< 8 weeks 5 —0.46 (—0.66, —0.27) 74.6 0.003
8-12 weeks 3 —0.15 (-0.21, —0.10) 69.3 0.03
> 12 weeks 4 —0.09 (—-0.14, —0.04) 95.4 < 0.001
Supplement dose 0.46
< 20mg 3 —0.15 (-0.21, —0.09) 28.4 0.24
20-40 mg 6 —0.11 (-0.17, —0.06) 94.2 < 0.001
> 40 mg 3 —0.24 (-0.52, 0.03) 83.3 0.003
Participants; age 0.76
< 45years 3 —0.17 (-0.45, 0.11) 71.1 0.03
=45 years 9 -0.13 (-0.17, —0.09) 91.6 < 0.001

* P values were obtained by fixed-effect analysis.

also searched to avoid missing any publication. Unpublished data and
grey literature, including patents, congress abstracts, and dissertations
were not included in this meta-analysis.

2.2. Inclusion criteria

All placebo-controlled RCTs that examined the effect of statins on
pro-inflammatory cytokines in apparently healthy adults or patients
with chronic diseases, including those with abnormal glucose tolerance,
metabolic syndrome, overweight or obesity, who were not taking

medications other than statins, were included. If several publications
with the same data set were found, we included only the most complete
one.

2.3. Exclusion criteria

Studies with the following criteria were excluded: (1) studies that
were conducted on pregnant women, children or elderlies; (2) in vitro
studies and those on animal models; (3) studies that did not perform
randomized allocation; (4) studies that examined the effect of statins
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Fig. 3. Forest plot for the effect of Simvastatin on serum CRP concentrations; expressed as the mean differences between the intervention and the control. The area of
each square is proportional to the inverse of the variance of the WMD. Horizontal lines represent 95% ClIs. Diamonds represent pooled estimates from random-effects

analysis.

along with other interventions; (5) those without a placebo group or
studies that used other medications, instead of placebo, as a compar-
ison; (6) studies that were done on hospitalized individuals; and (7)
studies that examined post-operative inflammatory responses.

2.4. Data extraction

The following information were obtained from included studies by
two independent reviewers: first author’s name, publication year, par-
ticipants’ health condition, study sample size, number of participants in
each group, duration of intervention, participants’ sex and age, medi-
cine dosage, study design (parallel/cross-over), mean (SD) concentra-
tions of cytokines at study baseline and after intervention in each group
or mean (SD) changes of cytokines’ concentrations after intervention in
each group (when available). We were also interested to know if the
included studies did the adjustment for baseline levels of inflammatory
biomarkers or not.

2.5. Statistical methods

The overall effect sizes were calculated as mean difference (MD) and
SDs of changes of inflammatory biomarkers across the two groups of
statins and placebo, using the random-effects model. Standard Errors
(SEs), interquartile ranges, and 95% confidence intervals were con-
verted to SDs using appropriate formulas. Serum concentrations of each
cytokine were converted to the most frequently used units. Between-
study heterogeneity was examined by the Cochran’s Q test and I sta-
tistic. Subgroup analyses were used to provide some explanation for the
between-study heterogeneity. All statistical analyses were done using

Stata software, version 14 (Stata Corp, College Station, TX). P < 0.05
was considered as statistically significant.

3. Results
3.1. Study characteristics

In general, 18 studies with 23 effect sizes were included in the
current systematic review and meta-analysis [16,19-35]. The flow
diagram of study selection is shown in Fig. 1. All studies were published
between 2002 and 2016. These studies enrolled 32,156 apparently
healthy individuals or those with chronic diseases (38% female & 62%
male; mean age: 44.79 years). Characteristics of included studies are
summarized in Table 1.

All studies had parallel design, except for the study of Huptas et al.
which was a cross-over RCT [25]. Atorvastatin
[16,20-22,24,25,27,29,30,32,35], Simvastatin [23,26,28,34], and Ro-
suvastatin [19,31,33] were used as the intervention in the included
studies. These medicines were used in dosages of 10, 20, 40, and
80 mg/day. The duration of intervention varied from 4 days to 2 years.

Some included studies had measured serum concentrations of CRP
as the outcome [16,19-22,24-33,35], others considered serum levels of
IL-6 as the outcome [16,20,23,25,27,30,34]. However, despite our ex-
tensive search on all statins and inflammatory factors in apparently
healthy individuals or those with chronic diseases, sufficient informa-
tion were found only about the effect of Atorvastatin on serum CRP and
IL-6 concentrations and the effect of Simvastatin and Rosuvastatin on
CRP levels. The biomarkers were measured using immunoassay. Some
studies did not report methods used for the measurement of study
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Fig. 4. Forest plot for the effect of Rosuvastatin on serum CRP concentrations; expressed as the mean differences between the intervention and the control. The area
of each square is proportional to the inverse of the variance of the WMD. Horizontal lines represent 95% CIs. Diamonds represent pooled estimates from random-

effects analysis.

outcomes [19,21,22,25,27,28,31,33,35]. Four studies had a third arm
intervention along with statin therapy and placebo [20,27,28,35],
which were not included in the current meta-analysis. Adjustment for
the baseline values of inflammatory biomarkers was done only in two
studies [20,21].

3.2. The effect of statins on CRP concentrations

Combining 12 effect sizes from 11 studies, a significant reduction
was found in serum CRP concentrations following administration of
Atorvastatin [Weighted Mean Difference (WMD): —0.57; 95% CI:
—0.78, —0.35] (Fig. 2). Due to a high between-study heterogeneity
(12 = 89.2%), we conducted subgroup analysis based on participants’
age (< 45/=45years), as well as medicine dosage (< 20/20-40/
> 40mg), and duration of intervention (< 8/8-12/ > 12weeks)
(Table 2). The effect of Atorvastatin on serum concentrations of CRP
was significant in all subgroups, except for studies that were conducted
on patients aged < 45years (WMD: —0.17; 95% CI: —0.45, 0.11) as
well as in studies that used the dosages of > 40 mg/day (WMD: —0.24;
95% CI: —0.52, 0.03). In addition, after excluding the study of Huptas
et al. [25], the only available RCT with cross-over design, findings re-
mained unchanged (WMD: —0.56; 95% CI: —0.78, —0.35). Moreover,
the exclusion of the study of Pleiner et al. [34], which was exclusively
conducted among men, did not influence the findings (WMD: —0.52;
95% CI: —0.73, —0.30). Visual inspection of funnel plot did not pro-
vide evidence of publication bias (data were not shown). This finding
was approved by the egger regression test (P = 0.70). Moreover, sen-
sitivity analysis showed that no individual study had a great influence
on the overall results.

Pooling 5 effect sizes from 2 studies, we found a significant

reduction in serum concentrations of CRP following administration of
Simvastatin (WMD: —0.29; 95% CI: —0.49, —0.10; I*> = 88.5%)
(Fig. 3). Although between-study heterogeneity was high, we were not
able to do subgroup analysis due to limited number of studies. The same
findings were reached when we combined 4 effect sizes from 3 studies
on the effect of Rosuvastatin on serum CRP levels (WMD: —1.06; 95%
CL: —1.22, —0.90; I? = 96.2%) (Fig. 4).

In general, when we considered all studies on statins and combined
21 effect sizes from 16 studies to find the effect of whole statins on
serum CRP levels, we observed a significant reduction in circulating
level of this inflammatory biomarker following administration of statins
(WMD: —0.80; 95% CI: —1.05, —0.56) (Fig. 5).

3.3. The effect of Atorvastatin on circulating IL-6 concentrations

Combining 6 effect sizes from 5 studies, we found a significant re-
duction in serum IL-6 concentrations after Atorvastatin therapy (WMD:
—2.13; 95% CI: —3.96, —0.30; I? = 98.6%) (Fig. 6). Subgroup ana-
lyses were conducted based on participants’ age (< 45/=45 years),
medicine dosage (< 40/40-80/=80 mg), and duration of intervention
(< 6/ =6 weeks) (Table 3). The effect of atorvastatin on IL-6 levels was
significant in all subgroups, except for studies with a duration of
=6 weeks (WMD: —0.11; 95% CI: —0.27, 0.05). When we excluded the
cross-over study, the significant effect of Atorvastatin on serum con-
centrations of IL-6 disappeared (WMD: —2.68; 95% CI: —5.40, 0.04).
This was also the case when we removed the study that was exclusively
done on men (WMD: —2.57; 95% CI: —5.47, 0.32).



A. Milajerdi, et al.

Study
1D

Atorvastatin

Chan et al. (2002)

Costa et al. (2003)
Economides et al. (2004)

Cytokine 123 (2019) 154752

%

Huptas et al. (2006)

Doorn et al. (2006)
Amudha et al. (2008)
Clough et al. (2009)
Orr et al. (2009)
Krysiak et al (2010)
Krysiak et al (2010)
Millar et al. (2010)
Loughrey et al. (2012)

Subtotal (I-squared =91.0%, p = 0.000) <
Simvastatin

Koh et al. (2008)

Koh et al. (2008)

Koh et al. (2008)

Koh et al. (2008)

Liu et al. (2009)

Subtotal (I-squared = 88.5%, p =0.000)

Rosuvastatin

Peters et al. (2010)

Mora et al. (2010)

Mora et al. (2010)

Subtotal (I-squared = 97.5%, p = 0.000)

*
¢
<

<

Overall (I-squared = 98.7%, p = 0.000)

4
——
o

WMD (95% CI) ~ Weight
-0.73 (-1.01,-045)  6.43
-0.06 (-0.11, -0.01) 6.86
-1.50 (-2.08,-0.92) 5.25
-1.60 (-4.34, 1.14)  0.88
0.08 (-2.64,2.80)  0.89
-1.70 (-2.98, -0.42) 276
250 (-3.16, -1.84)  4.94
-1.70 (-2.89, -0.51)  3.00
-0.50 (-0.99, -0.01)  5.63
-0.80 (-1.24, -0.36) 5.85
-0.08 (-0.37,0.21)  6.39
-1.91 (-4.54,0.72)  0.94
-0.95 (-1.39, -0.52)  49.82
-0.16 (-0.35,0.03)  6.66
-0.10 (-0.20, -0.00)  6.82
-0.09 (-0.16, -0.02) 6.84
-0.58 (-0.77, -0.39)  6.66
-1.08 (-1.62, -0.54) 5.44
-0.29 (-0.49, -0.10)  32.42
-1.90 (-2.78,-1.02)  4.03
120 (-1.25,-1.15)  6.86
-0.90 (-0.94, -0.86)  6.87
-1.12 (-1.41,-0.84) 1776
-0.80 (-1.08, -0.53)  100.00

NOTE: Weights are from random effects analysis
I

-4.54 0

4.54

Fig. 5. Forest plot for the effect of whole statins on serum CRP concentrations; expressed as the mean differences between the intervention and the control. The area
of each square is proportional to the inverse of the variance of the WMD. Horizontal lines represent 95% CIs. Diamonds represent pooled estimates from random-

effects analysis.

4. Discussion

A significant reduction was found in serum concentrations of CRP
following administration of Atorvastatin, Simvastatin, and Rosuvastatin
in apparently healthy individuals or those with chronic diseases. In
addition, Atorvastatin therapy resulted in a significant lower con-
centrations of serum IL-6 in these subjects.

In the current meta-analysis, we found that administration of sta-
tins, including Atorvastatin, Simvastatin, and Rosuvastatin reduced
CRP concentrations in apparently healthy individuals or those with
chronic diseases. Although no previous meta-analysis was done on the
effect of statins on serum CRP levels, several meta-analyses are avail-
able in non-healthy individuals or those with chronic diseases. For in-
stance, in a meta-analysis of studies on dialysis patients, a significant
reduction in serum concentrations of CRP was seen following statins
therapy [36]. In addition, administration of Atorvastatin in patients
with rheumatoid arthritis significantly reduced serum CRP concentra-
tions [37]. This was also shown in patients with systemic lupus er-
ythematous who received Atorvastatin [38]. However, the effect of
Rosuvastatin on CRP levels was not significant in that meta-analysis,
which might be due to the low number of included studies. In addition,
some other studies also did not find a significant effect of statins on
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serum levels of CRP [25,29,35]. It should be noted that most of these
studies did not consider baseline levels of CRP. In addition, they had
mostly used statins at the dosage of 10 mg, which seems too low to
influence inflammation. Findings from a previous meta-analysis re-
vealed that preoperative treatment with moderate to high doses of
Rosuvastatin, but not low doses, in patients with percutaneous coronary
intervention significantly reduced serum levels of CRP [39]. Our sub-
group analysis showed that Atorvastatin therapy in low to moderate
dosages reduced CRP concentrations, while the effect was not sig-
nificant in high doses. Lack of finding a significant effect in high do-
sages might be explained by the limited number of publications in this
regard.

In the subgroup analysis, we found that administration of
Atorvastatin in individuals aged < 45years did not affect serum CRP
levels. Aging has been reported as a risk factor of inflammation [40].
Animal studies has shown anti-inflammatory effects of statins in aged
animal models [41]. Lack of finding a significant of statins on in-
flammation in young adults might be due to their normal levels of CRP.
It seems that elevated levels of inflammation, at least to some extent, is
required for statins to influence circulating levels of CRP.

In addition to CRP, we observed that administration of Atorvastatin
resulted in reduced concentrations of serum IL-6. To the best of our
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Fig. 6. Forest plot for the effect of Atorvastatin on serum Il-6 concentrations; expressed as the mean differences between the intervention and the control. The area of
each square is proportional to the inverse of the variance of the WMD. Horizontal lines represent 95% CIs. Diamonds represent pooled estimates from random-effects

analysis.

Table 3
Subgroup analysis for the effect of Atorvastatin on serum concentrations of IL-6.

Subgroup Number of effect sizes Effect size (95% CI) P P Within’ P Between’
Overall 6 —2.13 (—3.96, —0.30) 98.6 < 0.001 -
Study duration < 0.001
< 6 weeks 2 —4.15 (—4.64, —3.65) 98.1 < 0.001
=6 weeks 4 —0.11 (-0.27, 0.05) 96.4 < 0.001
Supplement dose < 0.001
< 40mg 1 0.45 (0.05, 0.85) - -
40-80 mg 3 —0.21 (—-0.38, —0.04) 97.3 < 0.001
=80mg 2 —4.15 (—4.64, —3.65) 98.1 < 0.001
Participants; age < 0.001
< 45years 3 —-1.37 (-1.68, —1.06) 99.2 < 0.001
=45 years 3 —0.21 (—-0.38, —0.04) 97.3 < 0.001

* P values were obtained by fixed-effect analysis.

knowledge, no earlier systematic review or meta-analysis has been
conducted on the effect of statins on serum IL-6 concentrations.
However, several animal studies have reported that Atorvastatin
therapy suppressed inflammation at gene levels [42,43]. Suppression of
NF-kB signaling pathways by Atorvastatin might decrease secretion of
several pro-inflammatory cytokines, including IL-6 [44]. In addition, IL-
6 is an important regulator of CRP secretion in the liver [45]. Therefore,
changes in these two inflammatory biomarkers are greatly correlated.
Although most human studies have reported a significant reduction in
serum IL-6 levels following Atorvastatin therapy [16,25,27], some
others failed to find such an effect [20,30]. The duration of intervention
was mostly short in studies that did not find any significant effect.
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However, due to limited number of studies, further long-term studies
are required to shed light on this issue.

Although the exact mechanisms through which statins might influ-
ence serum concentrations of CRP and IL-6 remain unknown, some
suggestions can be made. Statins increase PPAR-a and PPAR-y mRNA
expression in hepatocytes and endothelial cells [46], through which
they can reduce expression of genes involved in inflammatory responses
[47]. Administration of statins can reduce mRNA expression of IL-6 in
endothelial cells [48]. The effect of statins on inflammation is con-
sidered to be independent of their lipid lowering actions and might be
partly related to their role in lowering free fatty acids [49]. Further-
more, administration of statins have also been reported to suppress
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immune system enhancers, including Toll-Like Receptors (TLRs) and
transcription factors, including NF-kB [50,51].

To the best of our knowledge, this is the first meta-analysis on the
effect statins on serum concentrations of CRP and IL-6 in apparently
healthy individuals or those with chronic diseases. All included studies
were placebo-controlled RCTs. However, some limitations should be
taken into account. Sufficient data were available only for few in-
flammatory biomarkers. This is why we restricted our analysis to CRP
and IL-6 concentrations. Further studies, using different types of statins
and measuring other inflammatory cytokines, are recommended.
Statins were used in different dosages in these studies; however, we
took this point into account in our subgroup analysis. Another point is
that the duration of intervention and mean age of participants were also
different between included studies. We tried to consider them in the
subgroup analysis.

In conclusion, combining earlier findings in a meta-analysis, we
found that statins administration in apparently healthy people or pa-
tients with chronic diseases helps reducing serum CRP concentrations.
In addition, Atorvastatin administration resulted in reduced serum IL-6
concentrations in these people.
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