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ABSTRACT
Many studies have evaluated the renoprotective effect of nicorandil in patients 

undergoing percutaneous coronary intervention (PCI), but the results are inconsistent. 
We therefore conducted this meta-analysis to evaluate the protective effect of 
nicorandil against contrast-induced nephropathy (CIN). We searched PubMed, 
Embase, the Cochrane Library, Web of Science, and clinical trials database. Studies 
compared the nicorandil (plus hydration) with hydration alone in patients receiving 
PCI were eligible. The primary outcome was the incidence of CIN. Four randomized 
controlled trials (RCTs) with 730 patients were included. All enrolled patients were 
with renal dysfunction or with moderate risk for CIN. Meta-analysis showed that 
nicorandil was associated with a decrease of CIN (odds ratio 0.33, 95% confidence 
interval [CI], 0.19~0.58, p < 0.001), without heterogeneity across the studies 
(I2 = 33.7%, p = 0.210). Moreover, nicorandil treatment could significantly reduce 
the level of serum creatinine, estimated glomerular filtration rate and cystatin C at 48 
hours after procedures (standardized mean difference [SMD] –0.17, 95%CI –0.33~–
0.01; SMD 0.29, 95% CI 0.11~0.48; SMD –0.17, 95%CI –0.33~–0.01, respectively). 
Nicorandil can reduce the incidence of CIN and result in favorable changes in renal 
function in patients undergoing PCI. More RCTs with large sample size and high 
quality are needed to confirm our results.

INTRODUCTION

With the increasing use of interventional procedures 
with contrast media, contrast-induced nephropathy (CIN) 
has become the third common cause of hospital-acquired 
acute kidney injury [1]. CIN accounts for 11%–12% of 
acute kidney injury in hospitalized patients, and the 
incidence is as high as 50% in high risk population [1–3]. 
It results in an increased risk of morbidity and mortality, 
prolonged hospitalization, and new onset of renal failure 
[3–5]. Use of iso- or low-osmolar contrast media and 

minimization of the media volume are the recommended 
nonpharmacologic approaches for preventing CIN  
[2, 6]. Besides, many pharmacologic strategies, such 
as hydration, statin, bicarbonate sodium, fenoldopam, 
natriuretic peptide, N-acetylcysteine, vitamins, 
theophylline and prostaglandin, have shown preventive 
effect against CIN [7].

Nicorandil is a hybrid compound derived from 
an ATP-sensitive K channel activator and a nitric oxide 
donor [8]. Nicorandil has been found to exert a cardiac 
preconditioning effect that improves microvascular 
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circulation, leading to perioperative myocardial protective 
effect in patients undergoing percutaneous coronary 
intervention (PCI) [9]. Moreover, K-ATP channel opener 
ameliorates the renal reperfusion injury by preventing 
reactive oxygen species (ROS) accumulation [10]. 
Therefore, nicorandil may have renoprotective effect in 
patients receiving interventional procedures. Recently, 
many researchers evaluated the protective effect of 
nicorandil against CIN but provided inconsistent results 
[11–14]. We therefore conducted this meta-analysis to 
assess the efficacy of nicorandil for preventing CIN in 
high risk patients undergoing PCI. 

RESULTS

Studies characteristics 

Figure 1 presents the flow diagram for study 
selection. In total, four randomized controlled trials 
(RCTs) involving 730 patients undergoing PCI were 
included [11–14]. Among these patients, 363 patients 
were assigned to the nicorandil group, and 367 patients 
were assigned to the control group. All patients were 
with moderate risk (defined by Mehran risk score) of 
developing CIN [14], or with poor renal function [11–
13]. Nicorandil was administrated intravenously in two 
studies [11, 12], and orally in another two studies [13, 14]. 
Detailed characteristics of eligible studies are shown in 
Table 1. 

Risk of bias assessment

All four studies generated allocation sequence 
and addressed incomplete outcome data adequately, 
but provided no relevant information of allocation 
concealment. One study by Nawa et al was not blinded 
[12]. Three studies provided registered information 
and were considered as low risk of reporting bias [11, 
12, 14]. No other bias in each study was indentified. 
Quality assessment of eligible studies is available in  
Figures 2 and 3.

Contrast-induced nephropathy

All four studies reported CIN data. The definition 
of CIN was consistent in these studies. Meta-analysis 
showed that nicorandil plus hydration significantly 
decreased the risk of CIN compared with hydration (odds 
ratio [OR] 0.33, 95% confidence interval  [CI] 0.19~0.58, 
p < 0.001), with no evidence of heterogeneity across the 
studies (I2 = 33.7%, P = 0.210, Figure 4). No significant 
change of pooled estimate effect and heterogeneity were 
found after sensitivity analyses. Egger’s test revealed 
no statistical significant (p = 0.905) and the funnel 
plot seemed to be symmetric (Figure 5), indicating no 
potential publication bias.

Serum creatinine

Serum creatinine (Scr) data at 24 and 48 hours after 
PCI were provided in three studies [11–13], and data at 
72 hours were provided in two studies [13, 14]. As shown 
in Figure 6, nicorandil treatment can significantly reduce 
the level of Scr at 48 hours after PCI (standardized mean 
difference  [SMD] –0.17, 95% CI –0.33~–0.01, p = 0.037), 
but not at 24 hours (SMD –0.09, 95% CI –0.25~0.07, p = 
0.257) and 72 hours (SMD 0.02, 95% CI –0.19~0.22, p = 
0.853) after PCI. 

Estimated glomerular filtration rate

Two studies reported data on estimated glomerular 
filtration rate (eGFR) at 24 and 48 hours after PCI  
[12, 13], and two reported data at 72 hours [13, 14]. As 
shown in Figure 7, nicorandil significantly increased the 
level of eGFR at 48 hours after PCI (SMD 0.29, 95% CI 
0.11~0.48, p = 0.002), but not at 24 (SMD 0.15, 95%CI 
–0.03~0.33, p = 0.110) and 72 hours (SMD 0.10, 95%CI 
–0.11~0.30, p = 0.355) after PCI.

Cystatin C

Three studies contributed to the pooled analysis of 
cystatin C at 24 and 48 hours after PCI [11–13], and only 
one study provided data on cystatin C at 72 hours after 
PCI [13]. Similar to the results of Scr and eGFR, cystatin 
C at 28 hours after PCI was significantly decreased in 
nicorandil group than in control group (SMD –0.17, 
95%CI –0.33~–0.01, p = 0.033). No change of cystatin C 
level at 24 and 48 hours after PCI was found according to 
the meta-analysis (Figure 8).

DISCUSSION

In the present study, we demonstrated that nicorandil 
treatment could decrease the risk of developing CIN in 
high risk patients undergoing PCI. Besides, renal function 
significantly improved in nicorandil group at 48 hours 
after PCI, but had no change at 24 and 72 hours. These 
data indicated that nicorandil is an alternative approach to 
prevent CIN in high risk population.

The underlying pathogenesis of CIN is not fully 
understood. It is likely that multiple mechanisms 
involving in the CIN. It is currently reported that major 
mechanisms are the direct toxicity on tubular cells, 
ischemic and hypoxic injury, and ROS accumulation [3, 
15, 16]. Thus, medicines that have anti-inflammatory and 
inhibitory effect on ROS formation may be reasonable 
for CIN treatment [13]. Nicorandil is an ATP-sensitive 
K channel opener containing a nitric oxide donor, and 
has been found to have vasodilatory effects on the small 
vessels [8]. It has been reported to reduce chest pain, slow 
reflow phenomenon and arrhythmia caused by PCI [17, 
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Table 1: Characteristics of included studies

Author Year Country Enrollment criteria Nicorandil treatment Hydration protocol Contrst 
(volume, ml) No. Outcomes

Ko, Y. G 2013 Korea eGFR≦60 ml/min and Scr ≧ 
1.1 mg/dL

Intravenously, 12 mg, dissolved 
in 100 mL 0.9% saline 

0.45% saline (1 mL/kg/h, 0.5 
mL/kg/h for patients with LVEF 

< 40%)

Iodixanol (125.6 
vs 126.9) 149 CIN, Scr, 

Cystatin C

Nawa, T 2015 Japan
Cystatin C > 0.95 mg/L 
(males) and 0.87 mg/dL 

(females)

Intravenously, 96 mg, dissolved 
in 100 mL  saline (0.1ml/kg/h) 0.9% saline (1 mL/kg/h)

Iomeprol or 
iohexol (135.2 

vs 146.3)
213

CIN, Scr*, 
eGFR*, Cystatin 

C*

Fan, Y 2016 China eGFR < 60 ml/min Oral, 30 mg/d, from 2d before to 
3d after the procedure

0.9 % saline (1 mL/kg/h, 0.5 mL/
kg/h for patients with LVEF < 

40 %)

Ultravist (145.3 
vs 149.2) 240 CIN, Scr, eGFR, 

Cystatin C

Iranirad, L 2017 Iran moderate risk for CIN as 
defined by Mehran risk score

Oral, 10 mg/d, from 30 min 
before to 3d after the procedure normal saline (1 mL/kg/h) Iohexol (213.98 

vs 202.26) 128 CIN, Scr, eGFR

* Outcomes were expressed as percent change from baseline. eGFR, estimated glomerular filtration rate; Scr, serum creatinine; LVEF, left ventricular ejection fraction; CIN, contrast-induced nephropathy.

Figure 1: Flow diagram of selected studies for this meta-analysis.
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18]. Meta-analysis of 16 RCTs confirmed the myocardial 
protective effect of nicorandil in patients receiving PCI 
[9]. The kidney is a vascular organ, and nicorandil is 
recently reported to have a renoprotective effect through 
suppression of ROS formation and improvement of blood 
flow [10]. Besides, nicorandil also protects the proximal 
tubule against ischemic reperfusion injury via the opening 
of K-ATP channels [19]. Also, nicorandil administration 
could improve endothelial function [20]. These results 
indicate that nicorandil may be an effective strategy for 
CIN treatment.

Ko et al firstly evaluated the preventive effect 
of nicorandil on CIN in patients with renal dysfunction 
undergoing PCI [11]. However, no statistical difference of 
the incidence of CIN was found between groups. Recently, 
three RCTs also compared the renoprotective effect of 
nicorandil with that of hydration in this population and 
found that nicorandil prevents CIN in patients with poor 

renal function experiencing PCI [12–14]. The inconsistent 
conclusion may be the result of difference in nicorandil 
dose. Patients in PRINCIPLE study were treated with 12 
mg nicorandil prior to PCI [11], while in other three study, 
the minimal dose of nicorandil is 40 mg (Table 1). Besides, 
nicorandil was diluted in 100 ml saline and administrated 
intravenously in PRINCIPLE study [11]; however, 
nicorandil was continuous intravenous infused for more 
than 24 hours in Nawa’s study [12], and was administrated 
orally for several days in the other two studies [13, 14]. 
Another reason might be the different contrast agent. In 
the PRINCIPLE study, iso-osmolar contrast was used [11]; 
whereas low-osmolar agent was used in the other three 
studies [12–14]. 

Park et al also assessed the renoprotective effect of 
nicorandil in a retrospective design [21]. A total of 1492 
patients with Scr less than 3.0 mg/dL were included, and 
no change in the CIN incidence between nicorandil group 

Figure 2: Assessment of the risk bias: bias of risk graph.

Figure 3: Assessment of the risk bias: bias of risk summary.
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and control group was found. In contrast, only patients 
with renal dysfunction or moderate risk for CIN were 
enrolled in the studies included for our meta-analysis. 
Interestingly, iso-osmolar contrast agent was also used in 
Park’s study. It has been reported that iso-osmolar contrast 
media can significantly reduce the incidence of CIN when 
compared with low-osmolar contrast media [2]. And 
the incidence of CIN is 6.6% in control group from the 
PRINCIPLE study [11], which is lower than that in the 
other three studies [12–14]. Therefore, we hypothesized 

that nicorandil might be effective for preventing CIN 
only in patients with high risks of developing CIN. 
However, more studies are warranted to determine the 
dose and method of nicorandil delivery and to identify the 
population that could benefit from nicorandil.

Our meta-analysis of these four RCTs showed 
that nicorandil plus hydration was associated with a 
67% decrease in the incidence of CIN compared with 
hydration in patients with renal insufficiency undergoing 
PCI. Many other pharmacologic strategies also have 

Figure 4: Forest plot of the incidence of contrast-induced nephropathy. 

Figure 5: Funnel plot of the incidence of contrast-induced nephropathy. 
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preventive effect on CIN, including statin, bicarbonate 
sodium, fenoldopam, natriuretic peptide, N-acetylcysteine, 
vitamins, theophylline and prostaglandin [7]. Among 
these approaches, high-dose statin with or without 
N-acetylcysteine plus hydration may be the preferred 
approaches and may prevent approximately 65% of CIN 
according the results of a network meta-analysis [7], 
which is similar to our results. However, further studies 
are needed to compare the efficacy of nicorandil with 
high-dose statin and N-acetylcysteine in patients at risk of 
developing CIN.

Several limitations must be acknowledged. First, 
only four RCTs with 730 patients were enrolled for the 

pooled analysis. Second, the dose and using time of 
nicorandil, as well as the method of drug delivery are 
not unified. Third, all studies were performed in Asia 
countries, lacking of data from Europe and North America. 
Fourth, although the articles included were all RCTs, one 
study was not blinded [12], and one study did not provided 
registered information [13]. There will be inevitable bias. 
Finally, we found that nicorandil treatment could improve 
renal function at 48 hours after PCI, but not at 24 and 
72 hours. However, we can not clarify the underlying 
mechanism based on the available information.

In conclusion, our results suggest that nicorandil 
has a favorable preventive effect against CIN in patients 

Figure 6: Forest plot of serum creatinine.

Figure 7: Forest plot of estimated glomerular filtration rate. 
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with renal dysfunction. However, due to methodological 
limitations, the conclusion should be interpreted with 
caution. More RCTs with large sample size and high quality 
are needed to confirm the renoprotective effect of nicorandil.

MATERIALS AND METHODS

The present study was conducted according to 
PRISMA guidelines [22], and the Cochrane Handbook 
for Systematic Reviews of Interventions [23], following 
a registered protocol on the PROSPERO database 
(CRD42017070005).

Data sources and search strategy

We comprehensively searched PubMed, Embase, 
the Cochrane Library, Web of Science, and clinical 
trials database from the inceptions to June, 2017. 
Relevant keywords related to nicorandil (“Nicorandil” or 
“2-Nicotinamidoethyl Nitrate” or “2 Nicotinamidoethyl 
Nitrate” or “Nitrate, 2-Nicotinamidoethyl” or 
“2-Nicotinamidethyl Nitrate” or “2 Nicotinamidethyl 
Nitrate” or “Nitrate, 2-Nicotinamidethyl”) were used in 
combination with words related to CIN (“renal failure” 
or “kidney failure” or “kidney injury” or “CIN” or “renal 
insufficiency”). There was no language restriction and 
publication status. We also manually reviewed references 
of the identified articles and relevant reviews.

Study selection

The inclusion criteria were described in accordance 
with PICOS acronym (participant, intervention, 
comparison, outcomes of interest and study design). For 

participants (P), all patients experiencing interventional 
procedures were included in this study. For intervention 
(I) and comparison (C), all studies must investigate the 
comparative effect of nicorandil plus hydration versus 
hydration. For outcomes (O), our primary outcome was 
the incidence of CIN, and the secondary outcomes were 
serum creatinine (Scr), estimated glomerular filtration 
rate (eGFR) and cystatin C after PCI. For study design, 
only randomized controlled trials (RCTs) were considered. 
The exclusion criteria were as follows: observational 
studies and non-RCTs, studies without relevant outcomes, 
reviews, and comments.

Data extraction 

Two reviewers (X.W & J.G) independently assessed 
available studies. Any discrepancies were solved by 
discussion with a third author (C.X). The extracted data 
consisted of the follow items: the first author’s name, 
publication year, country, enrollment criteria, nicorandila 
strategy, hydration protocol, sample size, and outcomes. 
We contacted the authors for any missing or unclear data. 

Quality assessment

We assessed the quality of included studies 
in accordance with the Cochrane Handbook for 
Systematic Reviews of Interventions, which includes 7 
items: randomization sequence generation, allocation 
concealment, blinding of participants and study personnel, 
blinding of outcome assessors, incomplete outcome data, 
selective reporting, and other biases. “High bias risk”, 
“unclear bias risk” or “low bias risk” was considered for 
each study according to the extracted information. 

Figure 8: Forest plot of cystatin C.
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Statistical analysis

We used Stata 12.0 software to evaluate the 
pooled effect of CIN with the odds ratio (OR) and 95% 
confidence interval (CI), and of Scr, eGFR and cystatin C 
with the standardized mean difference (SMD) and 95% CI. 
The χ2-base Q test with a p < 0.10 and the I2 test with an I2 
> 50% suggest significant heterogeneity [24]. Fixed effect 
model (Mantel-Haenszel method) was used preferentially 
[25]; and the random effect model (DerSimonian and 
Larid method) was used instead if high heterogeneity 
was indentified [26]. We also performed sensitivity 
and subgroup analyses to evaluate the contribution of 
including studies for heterogeneity. Publication bias 
was estimated using funnel plot and Egger’s test [27, 
28]. A 2-tailed P < 0.05 was considered as statistical  
significance.
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Contrast-induced nephropathy: CIN; percutaneous 
coronary intervention: PCI; reactive oxygen species: 
ROS; randomized controlled trial: RCT; odds ratio: 
OR; confidence interval: CI; serum creatinine: Scr; 
standardized mean difference: SMD; estimated glomerular 
filtration rate: eGFR.

Author contributions

X.W and J.G searched and evaluated the relevant 
studies and interpreted the results. H.Z and C.X proofread 
the manuscript and analyzed the results. X.W and J.G 
wrote the manuscript.

CONFLICTS OF INTEREST

All authors declared that there is no conflicts of 
interest.

REFERENCES

 1. Nash K, Hafeez A, Hou S. Hospital-acquired renal 
insufficiency. Am J Kidney Dis. 2002; 39:930–936.

 2. Tepel M, Aspelin P, Lameire N. Contrast-induced 
nephropathy: a clinical and evidence-based approach. 
Circulation. 2006; 113:1799–1806.

 3. McCullough PA, Choi JP, Feghali GA, Schussler JM, Stoler 
RM, Vallabahn RC, Mehta A. Contrast-Induced Acute 
Kidney Injury. J Am Coll Cardiol. 2016; 68:1465–1473.

 4. Chertow GM, Burdick E, Honour M, Bonventre JV, Bates 
DW. Acute kidney injury, mortality, length of stay, and costs in 
hospitalized patients. J Am Soc Nephrol. 2005; 16:3365–3370.

 5. Ogita M, Sakakura K, Nakamura T, Funayama H, Wada 
H, Naito R, Sugawara Y, Kubo N, Ako J, Momomura 
S. Association between deteriorated renal function and 

long-term clinical outcomes after percutaneous coronary 
intervention. Heart Vessels. 2012; 27:460–467.

 6. Kelly AM, Dwamena B, Cronin P, Bernstein SJ, Carlos 
RC. Meta-analysis: effectiveness of drugs for preventing 
contrast-induced nephropathy. Ann Intern Med. 2008; 
148:284–294.

 7. Su X, Xie X, Liu L, Lv J, Song F, Perkovic V, Zhang H. 
Comparative Effectiveness of 12 Treatment Strategies 
for Preventing Contrast-Induced Acute Kidney Injury: A 
Systematic Review and Bayesian Network Meta-analysis. 
Am J Kidney Dis. 2017; 69:69–77.

 8. Taira N. Nicorandil as a hybrid between nitrates and 
potassium channel activators. Am J Cardiol. 1989; 63: 
18J–24J.

 9. Ye Z, Su Q, Li L. The clinical effect of nicorandil on 
perioperative myocardial protection in patients undergoing 
elective PCI: A Systematic Review and Meta-Analysis. Sci 
Rep. 2017; 7: 45117.

10. Sun Z, Zhang X, Ito K, Li Y, Montgomery RA, Tachibana 
S, Williams GM. Amelioration of oxidative mitochondrial 
DNA damage and deletion after renal ischemic injury by 
the KATP channel opener diazoxide. Am J Physiol Renal 
Physiol. 2008; 294: F491–498.

11. Ko YG, Lee BK, Kang WC, Moon JY, Cho YH, Choi 
SH, Hong MK, Jang Y, Kim JY, Min PK, Kwon HM. 
Preventive effect of pretreatment with intravenous 
nicorandil on contrast-induced nephropathy in patients 
with renal dysfunction undergoing coronary angiography 
(PRINCIPLE Study). Yonsei Med J. 2013; 54:957–964.

12. Nawa T, Nishigaki K, Kinomura Y, Tanaka T, Yamada Y, 
Kawasaki M, Minatoguchi S. Continuous intravenous 
infusion of nicorandil for 4 hours before and 24 hours 
after percutaneous coronary intervention protects against 
contrast-induced nephropathy in patients with poor renal 
function. Int J Cardiol. 2015; 195:228–234.

13. Fan Y, Wei Q, Cai J, Shi Y, Zhang Y, Yao L, Wang X, Lin 
S, Li Y, Lv J, Zhou B, Du R. Preventive effect of oral 
nicorandil on contrast-induced nephropathy in patients 
with renal insufficiency undergoing elective cardiac 
catheterization. Heart Vessels. 2016; 31:1776–1782.

14. Iranirad L, Hejazi SF, Sadeghi MS, Jang SA. Efficacy of 
nicorandil treatment for prevention of contrast-induced 
nephropathy in high-risk patients undergoing cardiac 
catheterization: A prospective randomized controlled trial. 
Cardiol J. 2017; 24:502–507.

15. Ozkok S, Ozkok A. Contrast-induced acute kidney injury: A 
review of practical points. World J Nephrol. 2017; 6:86–99.

16. Wong PC, Li Z, Guo J, Zhang A. Pathophysiology of 
contrast-induced nephropathy. Int J Cardiol. 2012; 
158:186–192.

17. Ono H, Osanai T, Ishizaka H, Hanada H, Kamada T, 
Onodera H, Fujita N, Sasaki S, Matsunaga T, Okumura K. 
Nicorandil improves cardiac function and clinical outcome 
in patients with acute myocardial infarction undergoing 



Oncotarget11845www.impactjournals.com/oncotarget

primary percutaneous coronary intervention: role of 
inhibitory effect on reactive oxygen species formation. Am 
Heart J. 2004; 148:E15.

18. Pang Z, Zhao W, Yao Z. Cardioprotective Effects of 
Nicorandil on Coronary Heart Disease Patients Undergoing 
Elective Percutaneous Coronary Intervention. Medical 
Science Monitor. 2017; 23:2924–2930.

19. Shimizu S, Saito M, Kinoshita Y, Ohmasa F, Dimitriadis 
F, Shomori K, Hayashi A, Satoh K. Nicorandil ameliorates 
ischaemia-reperfusion injury in the rat kidney. Br J 
Pharmacol. 2011; 163:272–282.

20. Fan Y, Fu X, Wang Y, Li W, Bi X, Wei L, Xiao Y, Bai S. 
Effect of Long-Term Administration of Nicorandil on 
Endothelial Function of the Radial Artery in Patients With 
Angina Undergoing Transradial Percutaneous Coronary 
Intervention. Angiology. 2017; 68:633–639.

21. Park SH, Jeong MH, Park IH, Choi JS, Rhee JA, Kim IS, 
Park KH, Sim DS, Hong YJ, Kim JH, Ahn Y, Kang JC. 
Protective Effect of Nicorandil Against Contrast-Induced 
Nephropathy in Patients with Acute Myocardial Infarction. 
Clinical & Experimental Thrombosis and Hemostasis. 
2015; 2:19–23.

22. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred 
reporting items for systematic reviews and meta-analyses: 
the PRISMA statement. PLoS Med. 2009; 6: e1000097.

23. March U. Handbook for Systematic Reviews of 
Interventions. Cochrane Collaboration. 2005.

24. Geng J, Zhang Y, Wang B, Xie J, Xu B, Li J. Glycosylated 
hemoglobin levels and clinical outcomes in nondiabetic 
patients with coronary artery disease: A meta-analysis. 
Medicine. 2017; 96:e6784.

25. Mantel N, Haenszel W. Statistical aspects of the analysis 
of data from retrospective studies of disease. J Natl Cancer 
Inst. 1959; 22:719–748.

26. DerSimonian R, Laird N. Meta-analysis in clinical trials. 
Control Clin Trials. 1986; 7:177–188.

27. Egger M, Davey Smith G, Schneider M, Minder C. Bias 
in meta-analysis detected by a simple, graphical test. BMJ. 
1997; 315:629–634.

28. Duval S, Tweedie R. Trim and fill: A simple funnel-plot-
based method of testing and adjusting for publication bias 
in meta-analysis. Biometrics. 2000; 56:455–463.


