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A B S T R A C T

Current evidence suggests that statin use decreases the incidence of cardiovascular diseases (CVD) through
reducing LDL cholesterol and decreasing inflammation. Metabolic syndrome (MetS) is usually associated with
increased inflammatory markers and increased risk of CVD. We conducted a systematic review and meta-analysis
to determine the effect of statin use on inflammatory markers including C-reactive protein (CRP), tumor necrosis
factor-α (TNF-α), interleukin-6 (IL-6) and interleukin-1 (IL-1) among patients with MetS and related disorders.
PubMed, EMBASE, Web of Science databases, and Cochrane Library were searched for randomized controlled
trials (RCTs) through April 2018. Three independent investigators evaluated study eligibilities, extracted data,
and assessed study quality using the Cochrane Collaboration risk of bias tool and Jadad's quality scales.
Heterogeneity was determined using Cochran’s Q statistic and I-square (I2) test. Based on the heterogeneity
results, we pooled data using random-effect or fixed effect models presented as standardized mean differences
(SMD) and corresponding 95% confidence intervals (CI). One hundred thirteen RCTs (19,644 patients) were
included in our meta-analysis. The pooled results using random effects model showed that statin use statistically
significantly decreased CRP level (SMD= -0.97; 95% CI, -1.10, -0.85; P < 0.001; I2: 95.1%), TNF-α (SMD=
-1.88; 95% CI, -2.40, -1.38; P < 0.001; I2: 97.2%), IL-6 (SMD= -1.67; 95% CI, -1.98, -1.34; P < 0.001; I2:
96.5%), and IL-1 concentrations (SMD= -8.35; 95% CI, -10.49, -6.22; P < 0.001; I2: 98.4%) among patients
with MetS and related disorders. Our meta-analysis showed beneficial effects of statin use on reducing in-
flammatory markers in patients with MetS and related disorders.

1. Introduction

Increased inflammatory cytokines have had a major contribution to
atherosclerosis and cardiovascular disease (CVD) events [1]. Statins are

known to affect certain inflammatory factors [2], though the dose-re-
sponse effect is mostly unknown. Moreover, chronic inflammation in-
creases the risk of metabolic disorders including type 2 diabetes mellitus
(T2DM) [3]. Reduced adiponectin levels occur in patients with T2DM
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and metabolic syndrome (MetS) [4] has been associated with increased
levels of inflammatory markers, such as C-reactive protein (CRP) [5].
Study participants were considered to have MetS according to the criteria
of the National Cholesterol Education Program (NCEP) Adult Treatment
Panel III when 3 or more of the following criteria were present: fasting
hyperglycemia ≥100mg/dl or under drug treatment for diabetes mel-
litus; systolic arterial blood pressure (SBP) ≥130 mmHg and/or diastolic
arterial blood pressure (DBP) ≥85 mmHg or under drug treatment for
arterial hypertension; serum triglycerides ≥150mg/dl or receiving drug
treatment for dyslipidemia; serum HDL-cholesterol<40mg/dl in men

and<50mg/dl in women or under drug treatment for dyslipidemia;
waist circumference>102 cm in men and>88 cm in women [6]. De-
creased adiponectin levels has also been shown to be correlated with
impaired lipid profile in diabetes and metabolic disorders [7]. Current
evidence suggest that statin use may result in increased adiponectin le-
vels [8], and decreased inflammatory markers.

Several studies have evaluated the effects of statins on inflammatory
markers, yet, the results are inconclusive. In a study by Gruzdeva et al.
[9], atorvastatin use improved adipokines levels and decreased pro-
inflammatory markers in patients diagnosed with myocardial

Fig. 1. Literature search and review flowchart for selection of studies.
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Table 1
Characteristics of included studies.

First Author Publication year Sample size
(control/
intervention)

Country/Population Intervention (name and daily
dose)

Duration Age (control,
intervention)

Presented
data

Jiao et al. [39] 2015 64/62 China/acute coronary syndromes Rosuvastatin 20mg 24 h after
PCI

75.6 ± 7.8,
74.9 ± 8.7

CRP

Wang et al.
[40]

2013 63/62 China/acute coronary syndromes Rosuvastatin 20mg 6 h after
PCI

65.4 ± 10.2,
64.8 ± 11.6

CRP, IL-6

Kinlay et al.
[23]

2003 1186/1216 USA/acute coronary syndromes Atorvastatin 80mg 16 weeks 64 ± 11,
64 ± 12

CRP, IL-6

Patti et al. [41] 2007 85/86 Italy/acute coronary syndromes Atorvastatin 80mg 24 h after
PCI

64 ± 11,
67 ± 10

CRP

Lewandowski
et al. [42]

2008 39/39 Poland/acute coronary syndromes Atorvastatin 20-40mg 5 day 54 ± 8.86,
55 ± 9.42

CRP, TNF-
α, IL-6

Correia et al.
[43]

2003 18/18 Brazil/acute coronary syndromes Atorvastatin 80mg 6 days 65 ± 12,
66 ± 9

CRP

Dohi et al. [44] 2010 84/85 Japan/acute coronary syndromes Atorvastatin 20mg 48 weeks 62.3 ± 10.4,
62.8 ± 10.4

CRP

Yun et al.
(2009)
[45]

2009 220/225 Korea/acute coronary syndromes Rosuvastatin 40mg 24 h after
PCI

64 ± 10,
63 ± 11

CRP

Yun et al.
(2011)
[46]

2011 242/237 Korea/acute coronary syndromes Statins 24 h 63 ± 11,
63 ± 11

CRP

Macin et al.
[47]

2004 46/44 Argentina/acute coronary syndromes Atorvastatin 40mg 1 month 59.3 ± 13.4,
61.1 ± 11.5

CRP

Vasilieva et al.
[48]

2008 20/19 Russia/acute coronary syndromes Atorvastatin
40-80mg+Aspirin

8 days 70.1 ± 2.4,
72.1 ± 1.9

CRP

Wassmann
et al. [49]

2003 14/13 Germany/stable angina Pravastatin 40mg 24 hours
after
treatment

66.4 ± 2.6,
63.7 ± 2.5

CRP

Li et al. (2007)
[50]

2007 16/18 China/unstable angina Simvastatin 10mg after
admission

48 h 57 ± 6,
58 ± 8

CRP

Li et al. (2005)
[51]

2005 17/19 China/unstable angina Atorvastatin 20mg 4 weeks NR CRP

Sawara Y. [52] 2008 16/22 Japan/chronic kidney disease Rosuvastatin 2.5mg 12 weeks 63.8 ± 9.1,
67 ± 7.9

CRP, TNF-
α

Fassett et al.
[53]

2014 17/24 Australia/chronic kidney disease Atorvastatin 10mg 3 years 59.6 ± 15.1,
60.2 ± 15.6

CRP, TNF-
α, IL-6

Verma et al.
[54]

2005 39/44 USA/chronic kidney disease Rosuvastatin 10mg/day 20 weeks 73 ± 10,
74 ± 19

CRP

Jo et al. [55] 2008 99/90 South Korea/chronic kidney disease Simvastatin 80mg 2 days 65 ± 9.3,
66.1 ± 8.2

CRP

Marschang
et al. [56]

2006 16/47 Austria/coronary artery disease Statins 24 weeks 59 ± 2,
61 ± 2

CRP

Chan et al.
[57]

2008 30/30 Taiwan/coronary artery disease Atorvastatin 10mg 24 weeks 66.13 ± 11.50,
63.77 ± 12.73

CRP

Suzuki et al.
[58]

2008 9/10 Japan/coronary artery disease Fluvastatin+Atorvastatin 5
or 10mg

12 weeks 68 ± 7,
71 ± 8

CRP

Azar et al. [59] 2005 26/44 Lebanon/coronary artery disease Statins 48 h after
PCI

59 ± 1,
63 ± 8

CRP, TNF-
α

Karaca et al.
[60]

2003 32/46 Turkey/coronary artery disease Atorvastatin 20mg 4 weeks 52 CRP

Abe et al. [61] 2011 52/52 Japan/diabetic nephropathy 2.5mg/day rosuvastatin,
increased to 10mg/day

24 weeks 64.5 ± 9.6,
64.9 ± 9.2

CRP

Dornbrook-
Lavender
et al. [62]

2005 8/5 USA/dialysis Atorvastatin 10 20 weeks 70 ± 15,
62 ± 15

CRP

Sezer et al.
[63]

2007 20/25 Turkey/dialysis Simvastatin 20mg/day 4 weeks 51.2 ± 13.1,
57.4 ± 11.6

CRP, TNF-
α, IL-6

Arabul et al.
[64]

2008 18/22 Turkey/end-stage renal disease Fluvastatin 40mg 8 weeks 48.7 ± 11.3,
43.6 ± 14.4

CRP

Abulhul et al.
[65]

2012 28/28 Ireland/heart failure Atorvastatin titrated from 10
to 40mg/d over 3 months and
maintained at 40mg/d for a
further 3 months

24 weeks 72 ± 14,
72 ± 9

CRP, TNF-
α, IL-6

Kirmizis et al.
[66]

2010 25/25 Greece/hemodialysis Simvastatin 10mg/day 24 weeks 63 ± 11,
62 ± 13

CRP, IL-6

Chang et al.
[67]

2002 30/28 Korea/hemodialysis Simvastatin, 20mg 8 weeks 63 ± 11,
60 ± 12

CRP

Burmeister
et al. [68]

2009 31/28 Brazil/hemodialysis Rosuvastatin 10mg/day 1 month 60.1 ± 13.8,
53.7 ± 16.6

CRP

Ichihara et al.
[69]

2002 10/12 Japan/hemodialysis with type 2 diabetes Fluvastatin 20 12 weeks 65.8 ± 3,
64.3 ± 3.7

CRP

Ge et al. [70] 2008 65/61 China/hypercholesterolemic Atorvastatin
20mg+ amlodipine 10mg

4 month 64 ± 10,
65 ± 12

CRP

(continued on next page)
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Table 1 (continued)

First Author Publication year Sample size
(control/
intervention)

Country/Population Intervention (name and daily
dose)

Duration Age (control,
intervention)

Presented
data

Yamagami
et al. [71]

2008 41/40 Japan/hypercholesterolemic Statins 48 weeks 63.4 ± 8.3,
65.4 ± 6.9

CRP, IL-6

Koh et al.
(2004)
[72]

2004 31/32 South Korea/hypercholesterolemic Diet+ simvastatin 20mg 14 weeks 60 CRP, TNF-
α

Koh et al.
(2008)
[73]

2008 30/32 Korea/hypercholesterolemic Simvastatin 10mg/day 8 weeks 57 ± 2,
59 ± 2

CRP

Koh et al.
(2010)
[74]

2010 44/42 Korea/hypercholesterolemic Atorvastatin 10mg 8 weeks 56 ± 10,
54 ± 11

CRP

Koh et al.
(2009)
[75]

2009 42/43 Korea/hypercholesterolemic Simvastatin 20mg/day 8 weeks 58 ± 2,
59 ± 1

CRP

Koh et al.
(2011)
[76]

2011 44/45 Korea/hypercholesterolemic Simvastatin 20mg/day 8 weeks 61 ± 2,
57 ± 2

CRP

Koh et al.
(2015)
[77]

2015 51/51 Korea/hypercholesterolemic Simvastatin 20mg/day 8 weeks 57 ± 8,
59 ± 6

CRP

Nilsson et al.
[78]

2010 39/37 Sweden/hypercholesterolemic Simvastatin 40mg/day 6 weeks 51 ± 5,
50 ± 6

CRP, TNF-
α, IL-6, IL-
1

Ascer et al.
[79]

2004 23/45 Brazil/hypercholesterolemic Atorvastatin 20mg 8 weeks 18-71 CRP, TNF-
α, IL-6, IL-
1

Kuklinska et al.
[80]

2010 60/39 Poland/hypertension Atorvastatin 80mg 12 weeks 53.66 ± 0.14 CRP

McMurray
et al. [81]

2009 779/777 UK/ischemic systolic heart failure with
baseline CRP < 2.0mg/L

Rosuvastatin 10mg 12 weeks 73.2 ± 7.2,
72 ± 7

CRP

Zhang et al.
[82]

2015 41/43 China/metabolic syndrome Simvastatin 40mg 48 weeks 75.19 ± 8.56,
77.17 ± 8.42

CRP, IL-6

Singh et al.
[83]

2008 24/23 USA/metabolic syndrome Atorvastatin 10mg 12 weeks 51 ± 11,
51 ± 12

CRP, TNF-
α

Oguz et al.
[84]

2008 43/42 Turkey/metabolic syndrome Fluvastatin 80mg 6 weeks 55.5 ± 10.46,
56.16 ± 7.56

CRP

Devaraj et al.
[85]

2007 25/25 USA/metabolic syndrome Simvastatin 40mg/day 8 weeks 51 ± 12 CRP, TNF-
α, IL-6, IL-
1

Krysiak et al.
[24]

2010 56/61 Poland/metabolic syndrome with pre-
diabetes

Atorvastatin 40mg 90 days NR CRP, TNF-
α, IL-6, IL-
1

Nafasi et al.
[86]

2014 95/95 Iran/myocardial infarction Atorvastatin 80mg 6 h after
PCI

56.48 ± 10.97,
58.56 ± 8.7

CRP

Chan et al.
[87]

2002 12/13 Australia/obesity Atorvastatin 40mg 6 weeks 53.5 ± 9 CRP, TNF-
α, IL-6

Puurunen et al.
[88]

2013 13/15 Finland/polycystic ovary syndrome Atorvastatin 20mg 12 weeks 40.5 ± 5.9,
38.5 ± 4.8

CRP

Sathyapalan
et al. [89]

2010 18/19 UK/polycystic ovary syndrome Atorvastatin 20mg 12 weeks 26.6 ± 1.2,
28.8 ± 1.8

CRP

Raja-Khan
et al. [90]

2011 11/9 USA/polycystic ovary syndrome Atorvastatin 40mg 6 weeks 33.8 ± 4.3,
29.4 ± 5.8

CRP

Guo et al. [91] 2012 54/47 China/stable atherosclerotic plaques Atorvastatin 10mg 24 weeks 62.64 ± 12.00,
62.07 ± 8.51

CRP

Lunder et al.
[92]

2017 22/22 Slovenia/type 1 diabetes mellitus Fluvastatin 10mg+Valsartan
20mg

30 days 36.3 ± 1.7,
35.6 ± 2.1

CRP

Fegan et al.
[93]

2005 12/20 UK/type 2 diabetes Cerivastatin 0.4 mg 12 weeks 63.3 ± 8.1,
61 ± 9.6

CRP

Konduracka
et al. [94]

2008 50/154 Poland/type 2 diabetes Atorvastatin
40mg+hyperlipidemic diet

24 weeks 36.3 ± 8.3 CRP

van de Ree
et al. [95]

2003 55/67 Netherlands/type 2 diabetes mellitus Atorvastatin 10mg 30 weeks 59.8 ± 7.5,
58.8 ± 7.4

CRP, IL-6

Economides
et al. [96]

2004 18/19 USA/type 2 diabetes mellitus Atorvastatin 20mg 12 weeks 51 ± 14,
55 ± 11

CRP, TNF-
α

Jialal et al.
[25]

2007 26/26 USA/type 1 Diabetes Simvastatin 20mg/day 12 weeks 23.4 ± 9.1,
26.6 ± 13.3

CRP, TNF-
α, IL-6, IL-
1

Ghanim et al.
[97]

2017 10/10 USA/obesity Ezetimibe
10mg+ simvastatin 40mg

6 weeks 51 ± 3,
49 ± 4

CRP, IL-1

Joy et al. [98] 2008 26/19 USA/hemodialysis Atorvastatin 10mg 36 week 63 ± 15,
61 ± 14

CRP

luo et al. [99] 2004 9/11 China/acute myocardial infarction Simvastatin 20mg 3 weeks 65.7 ± 3.6,
67.4 ± 4.5

CRP, IL-6

(continued on next page)
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Table 1 (continued)

First Author Publication year Sample size
(control/
intervention)

Country/Population Intervention (name and daily
dose)

Duration Age (control,
intervention)

Presented
data

Goicoechea
et al. [100]

2006 19/44 Spain/chronic kidney disease Atorvastatin 20mg 6 months 66.2 ± 13.6,
70.0 ± 14.3

CRP, TNF-
α, IL-6, IL-
1

Strazhesko
et al. [101]

2016 38/44 Italy/atherosclerotic Atorvastatin 20mg 12 month 59.2 ± 1.2,
51.4 ± 1.2

CRP, IL-6

Sola et al. [20] 2006 191/255 USA/heart failure Statins 24-month 55.4 ± 6.4,
53.8 ± 5.7

CRP, TNF-
α

Li et al. [102] 2009 13/13 China/end-stage renal disease Simvastatin 20mg 8 week 49.9 ± 14.4,
32.5 ± 7

CRP, IL-6

Doo et al.
[103]

2005 30/20 Korea/unstable angina Statins 24 h after
stenting

62 ± 9,
60 ± 9

CRP, IL-6

Gruzdeva et al.
[104]

2016 66/60 Russia/myocardial infarction Atorvastatin 20mg 12 days 60.4,
56.5

CRP, IL-6

Andreou et al.
[105]

2010 18/21 Greece/heart failure Rosuvastatin 10mg 1 month 65 ± 11,
66 ± 11

CRP, IL-6

Nakagom et al.
[106]

2012 83/63 Japan/heart failure Statins 6 month 64.3 ± 9.9,
66.2 ± 11.9

CRP, TNF-
α, IL-6

Doh et al.
[107]

2012 35/35 Korea/dialysis Rosuvastatin10mg 6 month 48.9 ± 11.7,
48.5 ± 11.3

CRP, IL-6

Gonalves et al.
[108]

2009 39/37 Sweden/hypercholestrolemic Simvastatin 40mg 6 weeks NR CRP, IL-6

Ostadal et al.
[109]

2003 17/13 Czech Republic/myocardial infarction Cerivastatin 0.3 mg 24 h NR CRP, IL-6

Link et al.
[110]

2006 17/18 Germany/acute coronary syndromes Rosuvastatin 20mg 1 day 60 (51.0, 69.5),
55.5 (48.0, 69.0)

CRP, TNF-
α

Yang et al.
[111]

2006 20/40 China/acute coronary syndromes Fluvastatin 40mg 1 week 63.0 ± 10.5,
63.5 ± 9.4

CRP, TNF-
α

Kishimoto
et al. [112]

2010 9/14 Japan/hemodialysis Simvastatin 5mg 1weeks 61.2 ± 8.6,
61.5 ± 5.2

TNF-α, IL-
6

Krysiak et al.
[22]

2011 30/32 Poland/hypercholesterolemia Simvastatin 40mg 30 days 54.3 ± 3.4,
52.3 ± 2.4

TNF-α, IL-
6, IL-1

Stefanadi et al.
[113]

2009 12/12 Greece/myocardial infarction Atorvastatin 10mg 6weeks 58.8 ± 1.8,
59.0 ± 2.5

IL-6

Pereira et al.
[114]

2014 30/162 Brazil/cardiovascular disease Statins 12 months NR IL-6

Tousoulis et al.
[115]

2006 23/24 Greece/unstable angina Atorvastatin 10mg 1weeks 60.1 ± 2.8,
62.1 ± 1.8

TNF-α, IL-
6

Nawawi et al.
[116]

2003 14/41 Malaysia/hypercholesterolemic Atorvastatin 10mg 2 weeks 48.5 ± 1.3,
46 ± 2.9

CRP, IL-6

Gomez-Garcla
et al. [117]

2007 16/16 México/hypertension Rosuvastatin10mg 12 weeks 56 ± 8.8,
54 ± 8.01

TNF-α, IL-
6

Tousoulis et al.
(2005)
[118]

2005 19/19 Greece/heart failure Atorvastatin 10mg 4 weeks 64, 70 TNF-α, IL-
6

Tousoulis et al.
(2005)
[119]

2005 12/14 Greece/heart failure Atorvastatin 10mg 4 week 67.2 ± 5.53,
70.6 ± 6.02

TNF-α, IL-
6

Tousoulis et al.
(2006)
[120]

2005 13/15 Greece/type 2 diabetes Atorvastatin 10mg 4 weeks 58.1, 60.9 TNF-α, IL-
6

Usharani et al.
[121]

2008 21/23 India/type 2 diabetes Atorvastatin 10mg 8 weeks 50.47 ± 10.35,
49.75 ± 8.18

TNF-α, IL-
6

KrysiaK et al.
[122]

2014 18/22 Poland/hypercholesterolemia Simvastatin 40mg 30 days 35–60 TNF-α

Xie et al. [123] 2014 109/109 China/acute coronary syndromes Rosuvastatin 20mg 1 month 59.8 ± 10.5,
61.5 ± 11.4

TNF-α, IL-
6

Koh et al.
[124]

2002 31/32 Korea/coronary artery disease Simvastatin 20mg 14 weeks 62 ± 8,
62 ± 7

TNF-α

Sola et al. [20] 2006 54/54 USA/heart failure Atorvastatin 20mg 12-month 54.1 ± 6.9,
53.3 ± 6.2

CRP, TNF-
α

Zhao et al.
[125]

2004 12/12 China/hypertension Simvastatin 40mg+ valsartan
80mg

1 week 67.3 ± 8.0,
66.1 ± 14

IL-1

Huptas et al.
[126]

2006 10/10 Germany/metabolic syndrome Atorvastatin 10mg/day 6 weeks 40 ± 12 CRP, IL-6

Hu et al. [21] 2009 20/23 China/type 2 diabetic patients with
atherosclerosis

Simvastatin 40mg/daily 12 weeks 55.2 ± 2.3,
58.5 ± 1.6

CRP, TNF-
α, IL-6

Banaszewska
et al. [127]

2007 24/24 Poland/polycystic ovary syndrome Simvastatin+OCP 12 weeks 24 ± 3.5,
23.8 ± 3.7

CRP

Cueto-
Manzano
et a.l.
[128]

2013 76/76 Mexico/continuous ambulatory peritoneal
dialysis (CAPD).

Pravastatin 20mg/day 8 weeks 55.5 ± 10.7,
53.4 ± 13.8

CRP

(continued on next page)
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infarction. In addition, atorvastatin use immediately after an athero-
sclerotic ischemic stroke attenuated the immune-inflammatory activa-
tion in an acute phase of stroke [10]. In a meta-analysis conducted by
Tuttolomondo et al. [11], statin use in patients with chronic heart
failure significantly decreased high-sensitivity CRP (hs-CRP) and so-
luble vascular cell adhesion molecule-1, though did not affect inter-
leukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) levels. In a sys-
tematic review by Balk et al. [12], statin use decreased CRP levels, not
in a dose-response manner. Discrepancies in current evidences may be
related to the differences in study design, characteristics of study po-
pulations and comorbid conditions, dosage and type of statin used and
statin duration of use.

In this study, we aimed to systematically review and quantify the
effect of statin use on inflammatory markers among patients with MetS
and related disorders in randomized controlled trials (RCTs).

2. Materials and methods

2.1. Search strategy and study selection

To identify RCTs reporting the effects of statin use on inflammatory
markers, two independent authors (O-RT and MA) electronically con-
ducted the searches in PubMed, EMBASE, Web of Science databases,

Cochrane Library, and www.clinicaltrial.gov for ongoing projects
through April 2018. The keywords used for database search were; pa-
tients, including "MetS" and related disorders with metabolic diseases.
These related disorders consisted of "acute coronary syndromes" or
"coronary artery disease" or "CVD" or "diabetic" or "T1DM" or "T2DM" or
"overweight" or "obese" or "chronic kidney disease" or "end-stage renal
disease" or "dialysis" or "heart failure" or "myocardial infarction" or
"atherosclerotic" or "hypercholesterolemic" or "hypertension" or "high
blood pressure" or "dyslipidemia" or "hyperlipidemia" or "polycystic
ovary syndrome" or "stable angina or "unstable angina" or "diabetic
nephropathy" or "obesity or "stable atherosclerotic plaques" or "ather-
osclerotic", intervention, including "statins" or "rosuvastatin" or "ator-
vastatin" or "pravastatin" or "simvastatin" or "fluvastatin" or "cer-
ivastatin" or "lovastatin" and "supplementation" or "intake", and
outcomes, including "CRP" or "TNF-α" or "IL-6" or "IL-1". To avoid
missing any related study, authors checked reference lists of eligible
articles as an additional search. Searches were limited to RCTs pub-
lished in English.

2.2. Inclusion and exclusion criteria

Studies with the following inclusion criteria were included in this
meta-analysis: RCTs conducted on human, provided proper data for the

Table 1 (continued)

First Author Publication year Sample size
(control/
intervention)

Country/Population Intervention (name and daily
dose)

Duration Age (control,
intervention)

Presented
data

Wagner et al.
[129]

2011 71/72 Spain/type 2 diabetes Atorvastatin 10mg/day 12 weeks 57 ± 9 CRP, TNF-
α

Dogra et al.
[130]

2004 16/16 Australia/type 1 diabetes mellitus patients Atorvastatin 40mg/day 6 weeks 46.6 ± 13.0 CRP

Moohebati
et al. [131]

2010 51/51 Iran/who were not originally taking lipid
lowering agents

Simvastatin (40mg/day) 4 weeks 44.18 ± 12.07,
46.00 ± 14.83

CRP

Bays et al.
(2002)
[132]

2002 91/85 Ohio/subjects with mixed hyperlipidemia Simvastatin 40mg/day 6 weeks 52 CRP, IL-6

Bays et al.
(2004)
[133]

2004 148/622 USA+multicenter/hypercholesterolemic
patients

Simvastatin 80mg/day 12 weeks 56 ± 10.8,
54.9 ± 11.2

CRP

Farnier et al.
[134]

2006 60/179 Spain/patients with mixed hyperlipidemia Ezetimibe/Simvastatin 10/
20mg

12 weeks 53.7 ± 11.0,
55.0 ± 10.7

CRP

Goldberg et al.
[135]

2004 52/204 USA+multicenter/hypercholesterolemia Simvastatin 80mg/day 12 weeks 54.69, CRP

Lu et al. [136] 2004 23/23 Multicenter/hypercholesterolemia Rosuvastatin 10mg/day 6 weeks 59.8 ± 11.8,
62.8 ± 11.2

CRP

Tousoulis et al.
(2007)
[120]

2007 13/15 Greece/type 2 diabetes mellitus Atorvastatin-treated (10mg/
day)

4 weeks 60.9 ± 3.1,
58.1 ± 2.6

CRP, TNF-
α, IL-6

Tan et al.
[137]

2002 41/39 Hong Kong/patients with diabetes Atorvastatin (10mg/day) 3 months 55.0 ± 8.1 CRP

Strom et al.
[138]

2012 44/45 Germany/type 1 diabetes and detectable
islet autoantibodies

Aorvastatin (80mg/day) 3 months 0.36 ± 0.42,
0.53 ± 0.39

CRP

Ridker et al.
[19]

2001 2834/2885 Texas/who had average levels of total and
LDL cholesterol

Lovastatin (20mg/day) 12 weeks Men 45 to 73
years old and
women 55 to 73
years old

CRP

Rudofsky et al.
[139]

2012 9/10 Germany/type 2 diabetes Simvastatin 80mg 8 weeks 64 ± 9,
56 ± 10

CRP, IL-6

Vernaglione
et al. [140]

2004 17/16 Italy/hemodialysis Atorvastatin (10mg/day) 6 months 65.47 ± 10.22,
65.19 ± 11.79

CRP

Almquist et al.
[141]

2013 21/21 Sweden/diabetes mellitus Simvastatin was 40mg/day 10 weeks 64 ± 7 TNF-α

Folkeringa
et al. [142]

2010 71/71 Netherlands/hypertension Rosuvastatin 20mg/day 6 months 63 ± 10,
63 ± 11

CRP

CRP, C-reactive protein; TNF-α, tumor necrosis factor alpha; IL-6, interlokin-6; IL-1, interlokin-1.
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mean changes of CRP, TNF-α, IL-6, and IL-1 over time with standard
deviation (SD) for both intervention and placebo groups, RCTs con-
ducted among patients with MetS and other related disorders. Other
studies including animal experiments, in vitro studies, observational
studies, study protocols without findings, or congress abstracts without
full texts, non- placebo-controlled trials were excluded from our meta-
analysis.

2.3. Data extraction and quality assessment

Two authors (O-RT and MA) independently extracted data from
each selected RCTs using a standard abstraction excel sheet. The ex-
tracted data included the name of first author, year of publication,
study setting, the characteristics of participants, study design, sample
size in both treatment and placebo groups, dosage of statin, duration of
statin, type of disease, and outcomes of interest including the mean and
SD for CRP, TNF-α, IL-6, and IL-1. The methodological quality of the
selected RCTs was evaluated by two independent investigators (MA and
RT) using the Cochrane Collaboration risk of bias tool. Also, Jadad's
quality scales were determined to assess internal validity of clinical

trials. The Cochrane Collaboration risk of bias tool used the following
criteria for quality assessment: "randomization generation, allocation
concealment, blinding of participants and outcome assessment, in-
complete outcome data, and selective outcome reporting, and other
sources of bias". Jadad's total score lower than 3 represented the low
quality and ≥3 showed the high quality of included trials reporting.
Any disagreement between authors was resolved by discussion and final
consensus between authors or a third author (ZA) approved the find-
ings.

2.4. Data synthesis and statistical analysis

The mean differences with SD of inflammatory markers between
intervention and placebo groups were used to pool data. The standar-
dized mean differences (SMDs) with corresponding 95% CI were cal-
culated as effect sizes using the fixed effect model (with inverse var-
iance method) or random effect model (Dersimonian–Lairdmethod
method). Heterogeneity was assessed using Cochran’s Q test and I-
square (I2) test with an I2> 50% (P < 0.05) was considered to be a
significant heterogeneity. Sensitivity analyses were conducted using

Fig. 2. A–D. Random effects meta analysis of randomized controlled trials that examined the effect of statins intake on inflammatory markers including (A1) strata
cardiovascular for CRP levels, (A2) strata other disease for CRP levels, (A3) strata diabetic for CRP levels (B) for TNF-α, (C) for IL-6, (D) for IL-1 in intervention and
control groups with 95% CI.
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leave-one-out method to determine the effect of each individual trial on
reliability of the overall pooled SMDs. Further, subgroup analyses were
carried out to determine the source of heterogeneity according to the
potential moderator variables. The subgroup analyses were conducted
according to the following variables: dosage of statins (< 40 vs. ≥40
mg/day), type of statin used (rosuvastatin vs. atorvastatin vs. simvas-
tatin vs. statins plus other drugs vs. statins plus nutrients vs. other
statins), type of disease (CVD vs. diabetic vs. other disease), duration of
study (≤8 vs.> 8 weeks), and Jadad's overall scores (high risk vs. low
risk). Egger's regression tests and funnel plot symmetry tests were used
to evaluate any possible publication bias in our meta-analysis. All sta-
tistical analyses were conducted using STATA software version 12.0
(Stata Corp., College Station, TX) and RevMan V.5.3 software
(Cochrane Collaboration, Oxford, UK). P < 0.05 was considered sta-
tistically significant.

3. Results

Overall, 113 articles, out of 2740 citations, met our inclusion cri-
teria. One hundred thirteen articles included 19,644 participants which
were randomly assigned to 10,460 individuals in treatment group and
9190 in placebo group. One hundred forty-seven RCTs have reported
the impact of statin use on CRP, 56 RCTs on TNF-α, 68 RCTs on IL-6,

and 15 RCTs on IL-1 levels. The step by step screening process has been
illustrated in Fig. 1. The sample size varied from 13 to 5719 individuals
among included articles in our meta-analysis. Dosage of statin use
ranged from 0.3 to 80mg/day. Duration of statin use ranged from 4
weeks to 3 years. The selected RCTs were published between 2001 and
2017. Diagnosis of MetS in the included studies was conducted based on
the criteria of the NCEP-Adult Treatment Panel III [13–18]. The de-
tailed characteristics of included RCTs have been summarized in
Table 1.

3.1. The association between statin use and inflammatory markers

Forest plots demonstrating the effects of statin use on inflammatory
markers are shown in Fig. 2. Our results showed that statin use in pa-
tients with MetS and related disorders significantly decreased CRP
(SMD= -0.97; 95% CI, -1.10, -0.85; P < 0.001; I2: 95.1%), TNF-α
(SMD= -1.88; 95% CI, -2.40, -1.38; P < 0.001; I2: 97.2%), IL-6
(SMD= -1.67; 95% CI, -1.98, -1.34; P < 0.001; I2: 96.5%), and IL-1
levels (SMD= -8.35; 95% CI, -10.49, -6.22; P < 0.001; I2: 98.4%).
Pooled effect sizes, calculated based on the baseline and end of trial
information in treatment and placebo groups are summarized in
Table 2.

Fig. 2. (continued)
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3.2. Sensitivity/subgroup analyses

We did not find any statistical significant difference between pre-
and post-sensitivity pooled SMDs for all inflammatory markers.
However, the lower and higher pooled SMDs for CRP were -0.99 (95%
CI: -1.13, - 0.84) after excluding Ridkar et al. [19] study and -0.92 (95%
CI: -1.04, -0.80) after removing Sola et al. [20] study. For TNF-α, the
lower pooled SMDs in was -2.01 (95% CI: -2.51, -1.51) after excluding
Hu Y et al. [21] study and the higher was -1.64 (95% CI: -2.13, -1.15)
after excluding Krysiak (a) et al. [22] study. The lower and higher
pooled SMDs for IL-6 were -1.74 (95% CI: -2.10, -1.38) after excluding
Kinlay et al. [23] study and -1.50 (95% CI: -1.81, -1.20) after removing
Krysiak (a) et al. [24] study, respectively. For IL-1, the lower pooled
SMD in the sensitivity analysis was -9.01 (95% CI: -11.40, -6.62) after
excluding Jialal et al. [25] study and the higher was -7.13 (95% CI:
-9.29, -5.33) after removing Krysiak (a) et al. [22] study (Table 3).

Following subgroup analyses, heterogeneity was changed among
some of the strata of subgroups, however there was no significant dif-
ference between before and after subgroup analysis. The detailed
findings of subgroups analyses are presented in Table 4.

3.3. Publication bias and quality assessment

As presented in Fig. 3, there was potential publication bias for in-
flammatory markers including CRP (B=-1.84, P=0.001), TNF-α (B=
-4.02, P=0.04), IL-6 (B=-4.73, P=0.001), and IL-1 (B=-12.57,
P=0.001). Non-parametric method (Duval and Tweedie) was used to
compute the results of censored articles. Pooled effect sizes for in-
flammatory markers did not significantly change after Duval and
Tweedie test.

The pooled SMD before and after including censored articles were
-0.97 (95% CI, -1.10, -0.84) and -1.21 (95% CI, -1.34, -1.07) for CRP,
-1.88 (95% CI, -2.40, -1.38) and -2.60 (95% CI, -3.19, -2.01) for TNF-α
levels, respectively. Pooled SMD for IL-6 levels before including cen-
sored articles was -1.67 (95% CI, -1.98, -1.34) compared with -2.35
(95% CI, -2.79, -1.91) after including censored articles. For IL-1, SMD
before including articles was -8.35 (95% CI, -10.49, -6.21) which
changed to -8.35 (95% CI, -10.48, -6.22) after including censored ar-
ticles.

The methodological qualities of RCTs was assessed using Cochrane
Collaboration risk of bias tool and Jadad’s overall scores and are

Fig. 2. (continued)
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summarized in Table 5.

4. Discussion

To our best knowledge, this is the first systematic review and meta-
analyses of RCTs evaluating the effect of statin use on inflammatory
markers among patients with MetS and related disorders. Our meta-
analysis (including 113 RCTs and 19,644 patients) showed the bene-
ficial impact of statin use on reducing inflammatory markers in patients
suffering from MetS and related disorders. Increased inflammatory
markers are one of the main pathophysiological causes of diseases re-
lated to metabolic disorders, which include different chronic, condi-
tions such as obesity, T2DM, CVD, stroke, fatty liver, and other meta-
bolic diseases. Therefore, due to similar metabolic status, we included a
broad range of chronic diseases in the current meta-analysis. However,
the effectiveness of statin use might vary with the type of metabolic

abnormalities. To address this limitation, we have conducted subgroup
analysis based on the type of metabolic diseases (e.g. cardiovascular vs.
diabetes vs. other related disorders).

MetS and other related disorders especially heart failure are con-
sidered as inflammatory diseases [26,27]. Different inflammatory
markers including IL-6 and TNF-α may contribute to endothelial dys-
function, cardiac myocyte apoptosis, structural deterioration and left
ventricular dysfunction [28,29]. Furthermore, hs-CRP is one of the
common inflammatory markers to assess inflammation. It is an in-
dependent predictor for MetS prognosis and other related disorders,
therefore, it can provide additional prognostic information for the risk
stratification and treatment of patients with CVD [30]. In a meta-ana-
lysis conducted by Zhang et al, statin use significantly decreased hs-CRP
and soluble vascular cell adhesion molecule-1 in patients with chronic
heart failure, though it did not influence IL-6 and TNF-α [11]. Further,
in a systematic review assessing the effect of different statins, they were

Fig. 2. (continued)
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Fig. 2. (continued)

Fig. 2. (continued)
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effective to reduce CRP levels, though dose-independent [12]. In an-
other meta-analysis, statin use elevated left ventricular ejection fraction
and reduced hospitalization due to worsening heart failure. Using
atorvastatin, all-cause mortality also significantly decreased [31].
Among statin pre-treated patients, the risk of increasing CRP post-
operatively was significantly lower [32]. However, in another meta-
analysis conducted by Artola et al, there was no significant impact of
statin use on serum levels of hs-CRP in patients with systemic lupus
erythematosus [33]. Discrepant results might be related to differences
in study design, characteristics of study populations, dosage, type and
duration of statin use.

Previous studies have documented the drug-specific effects of statins
[34]. Atorvastatin may reduce hs-CRP-induced inflammatory response
by inhibiting nuclear factor-kB pathway [35]. Statin use can also de-
crease stimulating activator protein-1 (AP-1), a transcription factor
which in turn might decrease inflammatory markers [36]. Further, the
Rho-Rho kinase pathway, which is a negative regulator of endothelial
nitric oxide synthase (eNOS) activity, is usually activated in in-
flammatory status and might reduce nitric oxide (NO) availability.

Statin use causes a remarkable increase in eNOS activity by decreasing
prenylation of Rho [37]. Furthermore, post-translational activation of
eNOS involves phosphatidyl inositol 3-kinase (PI3K) and the serine/
threonine kinase, Akt (PI3K-Akt) signaling pathway, which is the other
mechanism by which statin use might decrease inflammation [38].

There are several strengths for this study. Large numbers of studies
included in this meta-analysis and longer period of intervention in in-
cluded RCTs have increased the value of this meta-analysis. All in-
cluded studies were placebo-controlled randomized trials with accep-
table methodological quality. Further, we relied on independent
judgment in which different reviewers independently performed the
systematic review process. The current meta-analysis had a few lim-
itations. Different doses of statins were used for intervention in the
included RCTs. Considerable heterogeneity across studies made us to
interpret our results cautiously.

In summary, our meta-analysis demonstrated that statin use in pa-
tients with MetS and related disorders appeared to significantly de-
crease inflammatory markers, such as CRP, TNF-α, IL-6 and IL-1 levels.

Table 2
Standardized mean difference of related indictors between the intervention and placebo groups.

Variables Number of study Standardized mean difference CI 95% P-value Heterogeneity

I2 (%) Q P- value heterogeneity

CRP Intervention group (after vs. before) 146 −0.51 −0.62, -0.41 < 0.001 93.5 2216.18 < 0.001
Placebo group (after vs. before) 146 0.06 −0.03, 0.14 0.200 88.6 1270.14 < 0.001
Change intervention group vs. placebo group 147 −0.97 −1.10, -0.84 < 0.001 95.1 2966.70 < 0.001

TNF-α Intervention group (after vs. before) 56 −1.11 −1.57, -0.65 < 0.001 97.1 1920.65 < 0.001
Placebo group (after vs. before) 56 0.03 −0.17, 0.24 0.750 87.4 436.16 < 0.001
Change intervention group vs. placebo group 56 −1.88 −2.40, -1.38 < 0.001 97.2 1931.96 < 0.001

IL-6 Intervention group (after vs. before) 65 −1.05 −1.38, -0.73 < 0.001 96.8 1974.22 < 0.001
Placebo group (after vs. before) 65 −0.20 −0.45, 0.06 0.129 94.3 1130.47 < 0.001
Change intervention group vs. placebo group 69 −1.67 −1.98, -1.34 < 0.001 96.5 1926.58 < 0.001

IL-1 Intervention group (after vs. before) 15 −4.09 −5.41, -2.75 < 0.001 97.8 628.66 < 0.001
Placebo group (after vs. before) 15 −0.16 −0.30, -0.03 0.019 9.0 15.38 0.352
Change intervention group vs. placebo group 15 −8.35 −10.49, -6.21 < 0.001 98.4 881.22 < 0.001

SMD, standardized mean differences; CRP, C-reactive protein; TNF-α, tumor necrosis factor alpha; IL-6, interlokin-6; IL-1, interlokin-1.

Table 3
The association between statin use and inflammatory markers followed by sensitivity analysis.

Variables Pre-sensitivity analysis Upper & lower of effect size Post-sensitivity analysis

No. of studies included Pooled SMD
(random effect)

95% CI Pooled SMD
(random effect)

95% CI Excluded
studies

CRP 147 −0.97 −1.10, -0.84 Upper −0.92 −1.04, -0.80 Sola (2005)
Lower −0.99 −1.13, -0.84 Ridker (2001)

TNF-α 56 −1.88 −2.40, -1.38 Upper −1.64 −2.13, -1.15 Krysiak(a) (2010)
Lower −2.01 −2.51, -1.51 Hu Y (2009)

IL-6 69 −1.67 −1.98, -1.34 Upper −1.50 −1.81, -1.20 Krysiak(a) (2010)
Lower −1.74 −2.10, -1.38 Kinlay (2003)

IL-1 15 −8.35 −10.49, -6.21 Upper −7.13 −9.29, -5.33 Krysiak(a) (2010)
Lower −9.01 −11.40, -6.62 Jialal (2007)

CRP, C-reactive protein; TNF-α, tumor necrosis factor alpha; IL-6, interlokin-6; IL-1, interlokin-1; SMD, standardized mean differences.
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Table 4
The association between statin use and inflammatory markers following subgroup analysis.

Variables K* I2 (%) Q test SMD (95% CI) P-value

CRP
Total 147 95.1 2966.70 −0.97 (-1.10, -0.85) < 0.001
Dosage of statins (mg/day)

< 40 93 95.1 1860.83 −0.96 (-1.12, -0.79) < 0.001
≥40 54 94.9 1044.44 −0.99 (-1.22, -0.78) < 0.001

Type of intervention
Rosuvastatin 20 93.9 311.31 −0.88 (-1.14, -0.62) < 0.001
Atorvastatin 61 96.0 1482.42 −1.14 (-1.41, -0.86) < 0.001
Statins plus other drugs 12 95.7 255.89 −1.57 (-2.21, -0.92) < 0.001
Other statins 22 96.5 599.23 −0.97 (-1.37, -0.57) < 0.001
Simvastatin 29 88.8 249.38 −0.68 (-0.93, -0.43) < 0.001
Statins plus nutrient 3 3.5 2.07 −0.65 (-0.92, -0.38) < 0.001

Type of disease
Cardiovascular 82 95.5 1812.29 −0.81(-0.96, -0.66) < 0.001
Diabetic 28 94.8 518.16 −1.35 (-1.80, -0.91) < 0.001
Other 37 93.9 588.16 −1.21 (-1.61, -0.81) < 0.001

Duration of study
> 8 weeks 71 96.2 1836.25 −1.07 (-1.24, -0.89) < 0.001
≤8 weeks 76 93.4 1130.07 −0.90 (-1.14, -0.69) < 0.001

Jadad's overall scores
High risk 31 94.3 529.92 −0.87 (-1.27, -0.47) < 0.001
Low risk 115 95.3 2436.70 −0.40 (-0.73, -0.07) < 0.001

TNF-α
Total 56 97.2 1931.96 −1.88 (-2.40, -1.38) < 0.001
Dosage of statins (mg/day)

< 40 32 96.4 857.80 −1.42 (-1.99, -0.86) < 0.001
≥40 24 97.7 1002.45 −2.63 (-3.60, -1.68) < 0.001

Type of intervention
Rosuvastatin 6 92.6 67.60 −1.72 (-2.72, -0.71) 0.001
Atorvastatin 23 97.8 985.95 −3.04 (-4.05, -2.04) < 0.001
Statins plus other drugs 5 97.2 141.90 −1.89 (-3.59, -0.19) 0.030
Other statins 4 97.4 114.39 −2.21 (-3.61, -0.81) 0.002
Simvastatin 15 94.9 276.70 −0.68 (-1.48, 0.11) 0.093
Statins plus nutrient 3 60.4 5.06 −0.09 (-0.74, 0.55) 0.775

Type of disease
Cardiovascular 27 97.1 902.40 −2.25 (-2.94, -1.57) < 0.001
Diabetic 12 95.5 243.67 −0.03 (-0.90, 0.82) 0.93
Other 17 97.2 562.88 −2.78 (-3.91, -1.64) < 0.001

Duration of study
> 8 weeks 27 97.8 1188.16 −1.60 (-2.38, -0.82) < 0.001
≤8 weeks 29 96.2 740.97 −2.15 (-2.82, -1.47) < 0.001

Jadad's overall scores
High risk 8 95.0 139.81 −0.89 (-1.70, -0.10) 0.02
Low risk 48 97.3 1762.52 −2.08 (-2.68, -1.47) < 0.001

IL-6
Total 69 96.5 1926.58 −1.67 (-1.98, -1.34) < 0.001
Dosage of statins (mg/day)

< 40 46 95.1 918.26 −1.25 (-1.65, -0.85) < 0.001
≥40 23 97.7 939.86 −2.60 (-3.23, -1.98) < 0.001

Type of intervention
Rosuvastatin 7 80.3 30.52 −1.17 (-1.55, -0.78) < 0.001
Atorvastatin 29 97.6 1172.66 −2.25 (-2.87, -1.62) < 0.001
Statins plus other drugs 3 98.3 114.57 −6.12 (-12.09, -0.15) 0.045
Other statins 7 93.4 91.17 −4.67 (-1.41, 0.07) 0.076
Simvastatin 21 93.8 323.59 −1.15 (-1.67, -0.64) 0.016
Statins plus nutrient 2 0.0 0.11 −0.73 (-1.32, -0.14) < 0.001

Type of disease
Cardiovascular 40 96.8 1229.95 −1.67 (-2.07, -1.28) < 0.001
Diabetic 9 88.5 69.54 −2.0 (-2.71, -1.29) < 0.001
Other 20 95.1 387.60 −1.48 (-2.16, -0.78) < 0.001

Duration of study
> 8 weeks 23 97.5 894.36 −1.95 (-2.57, -1.33) < 0.001
≤8 weeks 46 95.3 965.30 −1.56 (-1.96, -1.17) < 0.001

Jadad's overall scores
High risk 16 95.8 359.59 −1.36 (-2.07, -0.64) < 0.001
Low risk 53 96.7 1564.45 −1.77 (-2.14, -1.40) < 0.001

IL-1
Total 15 98.4 881.22 −8.35 (-10.48, -6.22) < 0.001
Dosage of statins (mg/day)

< 40 3 98.5 135.45 −5.67 (-9.76, -1.58) 0.007
≥40 12 98.4 703.17 −9.09 (-11.86, -6.32) < 0.001

Type of intervention
Rosuvastatin – – – – –
Atorvastatin 6 98.6 345.42 −12.69 (-18.62, -6.76) < 0.001

(continued on next page)
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Table 4 (continued)

Variables K* I2 (%) Q test SMD (95% CI) P-value

Statins plus other drugs 4 96.1 76.00 −7.20 (-11.33, -3.07) 0.001
Other statins
Simvastatin 5 97.9 187.60 −4.22 (-6.44, -2.00) 0.001
Statins plus nutrient – – – – –

Type of disease
Cardiovascular 7 98.3 358.47 −9.18 (-13.22, -5.13) < 0.001
Diabetic 1 – – −0.12 (-0.66, 0.43) 0.67
Other 7 98.6 428.78 −8.99 (-12.76, -5.22) < 0.001

Duration of study
> 8 weeks 6 98.9 450.73 −11.20 (-15.98, -6.43) < 0.001
≤8 weeks 9 98.1 428.88 −6.67 (-9.25, -4.09) < 0.001

Jadad's overall scores
High risk – – – – –
Low risk 15 98.4 881.22 −8.35 (-10.49, -6.22) < 0.001

* K, Number of SMD Included; CRP, C-reactive protein; TNF-α, tumor necrosis factor alpha; IL-6, interlokin-6; IL-1, interlokin-1; SMD, standardized mean differences

Fig. 3. A–D. Begg’s funnel plot for assessing the publication bias (A) CRP, (B) for TNF-α, (C) for IL-6, and (D) for IL-1.
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Table 5
Quality assessment of included clinical trials using Cochrane's risk of bias tool and Jadad’s scale.

First Author Cochrane's risk of bias tool Jadad's
scores

Random sequence
generation
(selection bias)

Allocation
concealment
(selection bias)

Blinding of participants
and personnel
(performance bias)

Blinding of outcome
assessment
(detection bias)

Incomplete
outcome

Selective
reporting

other
sources of
bias

Jiao et al Low risk Unclear risk Low risk Unclear risk Low risk Low risk Low risk 4
Wang et al Low risk Low risk Low risk Low risk High risk Low risk Low risk 3
Kinlay et al Low risk Low risk Low risk Low risk Low risk Low risk High risk 4
Patti et al Low risk Low risk Low risk Low risk Low risk Low risk Low risk 4
Lewandowski et al Low risk Unclear risk High risk High risk Low risk Low risk Low risk 2
Correia et al Low risk Unclear risk Low risk Low risk Unclear risk Low risk Low risk 3
Dohi et al Low risk Low risk High risk High risk Unclear risk Low risk Low risk 3
Yun et al (2009) Low risk Low risk High risk High risk Low risk Low risk Unclear risk 3
Yun et al (2011) Low risk Low risk High risk High risk Low risk Low risk Unclear risk 3
Macin et al Low risk Low risk Low risk Low risk Low risk Low risk Unclear risk 4
Vasilieva et al Low risk Low risk High risk High risk Low risk Low risk Unclear risk 3
Wassmann et al Low risk Low risk Low risk Low risk Low risk Low risk Low risk 5
Li et al (2007) Low risk Unclear risk Low risk Low risk Unclear risk Low risk Unclear risk 3
Li et al (2005) Low risk Unclear risk High risk High risk Unclear risk Low risk Unclear risk 2
Sawara Y Low risk Low risk Low risk Low risk Low risk Low risk High risk 4
Fassett et al Low risk Unclear risk High risk High risk High risk Low risk Unclear risk 2
Verma et al Low risk Unclear risk High risk High risk Unclear risk Low risk High risk 2
Jo et al Low risk Low risk Low risk Low risk Unclear risk Low risk Unclear risk 5
Marschang et al High risk High risk Low risk Low risk Low risk Low risk High risk 2
Chan et al Low risk Unclear risk High risk High risk Low risk Low risk Low risk 2
Suzuki et al High risk High risk High risk High risk Low risk Low risk Unclear risk 1
Azar et al Unclear risk Unclear risk High risk High risk Low risk Low risk High risk 2
Karaca et al Unclear risk Unclear risk High risk High risk Low risk Low risk Unclear risk 2
Abe et al Low risk Low risk High risk High risk Low risk Low risk Low risk 3
Dornbrook-

Lavender et al
Low risk Low risk High risk High risk Low risk Low risk Low risk 3

Sezer et al Low risk Unclear risk High risk High risk Unclear risk Low risk Unclear risk 2
Arabul et al Low risk Unclear risk High risk High risk Low risk Low risk Unclear risk 2
Abulhul et al Low risk Unclear risk High risk High risk Unclear risk Low risk Unclear risk 2
Kirmizis et al Low risk Unclear risk High risk High risk Low risk Low risk Low risk 2
Chang et al Low risk Low risk High risk High risk Unclear risk Low risk Unclear risk 3
Burmeister et al Low risk Unclear risk Low risk Low risk Low risk Low risk Low risk 4
Ichihara et al Low risk Unclear risk Low risk Low risk Low risk Low risk Low risk 3
Ge et al Low risk Unclear risk Low risk Low risk Low risk Low risk Unclear risk 4
Yamagami et al Unclear risk Unclear risk Low risk Low risk Unclear risk Low risk Low risk 3
Koh et al (2004) Low risk Unclear risk Low risk Low risk Low risk Low risk Low risk 3
Koh (2008) Low risk Unclear risk Low risk Low risk Low risk Low risk Low risk 3
Koh et al (2009) Low risk Unclear risk Low risk High risk Low risk Low risk Low risk 3
Koh et al (2009) Low risk Unclear risk Low risk High risk Low risk Low risk Low risk 3
Koh et al (2010) Low risk Unclear risk Low risk High risk Low risk Low risk Low risk 3
Koh et al (2015) Low risk Unclear risk Low risk High risk Low risk Low risk Low risk 3
Nilsson et al Low risk Low risk Low risk Low risk Unclear risk Low risk Unclear risk 4
Ascer et al Low risk Low risk High risk High risk Low risk Low risk High risk 3
Kuklinska et al Low risk Low risk High risk High risk Low risk Low risk High risk 3
McMurray et al Low risk Low risk Low risk High risk Low risk Low risk High risk 5
Zhang et al Low risk Low risk High risk High risk Unclear risk Low risk Low risk 3
Singh et al Low risk Low risk Low risk Low risk Unclear risk Low risk Low risk 3
Oguz et al Low risk Low risk High risk High risk Unclear risk Low risk Low risk 3
Devaraj et al Low risk Low risk Low risk Low risk Unclear risk Low risk Low risk 3
Krysiak et al Low risk Low risk Low risk Low risk Unclear risk Low risk Unclear risk 4
Nafasi et al Low risk Low risk Low risk Low risk Low risk Low risk Low risk 4
Chan et al Low risk Unclear risk Low risk Low risk Unclear risk Low risk Low risk 4
Puurunen et al Low risk Low risk Low risk Low risk High risk Low risk Unclear risk 5
Sathyapalan et al Low risk Low risk Low risk Low risk High risk Low risk Low risk 3
Raja-Khan et al Low risk Low risk Low risk Low risk Low risk Low risk Low risk 3
Guo et al Low risk Unclear risk High risk High risk High risk Low risk High risk 2
Lunder et al Low risk Unclear risk Low risk Low risk Low risk Low risk Low risk 4
Fegan et al Low risk Low risk Low risk Low risk Unclear risk Low risk Unclear risk 4
Konduracka et al Low risk Unclear risk High risk High risk Low risk Low risk High risk 1
van de Ree et al Low risk Low risk Low risk Low risk Low risk Low risk High risk 3
Economides et al Low risk Low risk Low risk Low risk Unclear risk Low risk Unclear risk 5
Jialal et al Low risk Low risk Low risk Low risk Unclear risk Low risk Low risk 3
Ghanim et al Low risk Unclear risk Low risk Low risk Unclear risk Low risk Low risk 3
Joy et al Low risk Low risk High risk High risk Low risk Low risk High risk 2
luo et al Low risk Unclear risk Low risk High risk Unclear risk Low risk High risk 3
Goicoechea et al Low risk Low risk High risk High risk High risk Low risk High risk 3
Strazhesko et al Low risk Low risk High risk High risk Low risk Low risk Unclear risk 3
Sola et al Low risk Low risk Low risk Low risk Low risk Low risk Low risk 5
Li et al Low risk Unclear risk High risk High risk Low risk Low risk High risk 2
Doo et al High risk High risk High risk High risk Low risk Low risk High risk 1

(continued on next page)
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Table 5 (continued)

First Author Cochrane's risk of bias tool Jadad's
scores

Random sequence
generation
(selection bias)

Allocation
concealment
(selection bias)

Blinding of participants
and personnel
(performance bias)

Blinding of outcome
assessment
(detection bias)

Incomplete
outcome

Selective
reporting

other
sources of
bias

Gruzdeva et al High risk High risk High risk High risk Low risk Low risk High risk 1
Andreou et al Low risk Low risk Low risk Low risk Low risk Low risk Unclear risk 5
Nakagom et al High risk High risk Low risk Low risk High risk Low risk High risk 2
Doh et al Low risk Unclear risk High risk High risk Unclear risk Low risk Low risk 3
Gonalves et al Low risk Unclear risk Low risk Low risk Unclear risk Low risk Unclear risk 4
Ostadal et al Low risk Low risk High risk High risk Unclear risk Low risk Unclear risk 2
Link et al Low risk Low risk Low risk Low risk Low risk Low risk Low risk 5
Yang et al Low risk Low risk High risk High risk Low risk Low risk Low risk 3
Kishimoto et al Low risk Low risk High risk High risk Low risk Low risk High risk 3
Krysiak et al Low risk Low risk High risk High risk Low risk Low risk Low risk 3
Stefanadi et al Low risk Unclear risk Unclear risk Unclear risk Low risk Low risk Low risk 2
Pereira et al High risk High risk High risk High risk Unclear risk Low risk High risk 1
Tousoulis et al Low risk Low risk High risk High risk Low risk Low risk Low risk 3
Nawawi et al Low risk Low risk Low risk Low risk Unclear risk Low risk High risk 4
Gomez-Garcla et al Low risk Low risk High risk High risk Low risk Low risk Low risk 3
Tousoulis et al

(2005)
Low risk Low risk High risk High risk Low risk Low risk Low risk 3

Tousoulis et al
(2005)

Low risk Low risk High risk High risk Unclear risk Low risk Unclear risk 3

Tousoulis et al
(2006)

Low risk Low risk High risk High risk Unclear risk Low risk Unclear risk 3

Usharani et al Low risk Low risk Low risk Low risk Unclear risk Low risk Low risk 5
KrysiaK et al High risk High risk Low risk Low risk Unclear risk Low risk Unclear risk 2
Xie et al Low risk Low risk High risk High risk High risk Low risk Low risk 3
Koh et al Low risk Unclear risk Low risk High risk Low risk Low risk Low risk 3
Sola et al Low risk Low risk Low risk Low risk High risk Low risk Low risk 4
Zhao et al Low risk Low risk High risk High risk Unclear risk Low risk Low risk 3
Huptas et al Low risk Unclear risk Low risk Low risk Unclear risk Low risk Low risk 4
Hu et al Low risk Low risk Low risk High risk Unclear risk Low risk High risk 4
Banaszewska et al Low risk Low risk High risk High risk Unclear risk Low risk Unclear risk 3
Cueto-Manzano

et al
Low risk Low risk Low risk Low risk Low risk Low risk Low risk 5

Wagner et al Low risk Low risk High risk High risk Low risk Low risk Low risk 4
Dogra et al Low risk Low risk Low risk Low risk Low risk Low risk Low risk 5
Moohebati et al Low risk Low risk Low risk Low risk Low risk Low risk Low risk 4
Bays et al(2002) Low risk Unclear risk Low risk Low risk Unclear risk Low risk High risk 3
Bays et al (2004) Low risk Low risk Low risk Low risk High risk Low risk High risk 4
Farnier et al Low risk Low risk Low risk Low risk Unclear risk Low risk High risk 4
Goldberg et al Low risk Low risk Low risk Low risk High risk Low risk High risk 4
Lu et al Low risk Unclear risk Low risk Low risk Unclear risk Low risk Low risk 4
Tousoulis et al

(2007)
Low risk Unclear risk Low risk High risk Unclear risk Low risk Unclear risk 3

Tan et al Low risk Unclear risk Low risk Low risk High risk Low risk Unclear risk 3
Strom et al Low risk Low risk High risk High risk Unclear risk Low risk Unclear risk 3
Ridker et al Low risk Unclear risk Low risk Low risk Unclear risk Low risk Unclear risk 4
Rudofsky et al Low risk Low risk Low risk Low risk Low risk Low risk Low risk 4
Vernaglione et al Low risk Low risk High risk High risk Unclear risk Low risk Low risk 3
Almquist et al Low risk Low risk Low risk Low risk Low risk Low risk Unclear risk 5
Folkeringa et al Low risk Unclear risk High risk Low risk Low risk Low risk Low risk 3
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