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Abstract 
Background: Through meta-analysis of the relationship between glomerular filtration rate and major adverse cardiovascular 
events (MACE) after percutaneous coronary intervention (PCI), we studied the impact of glomerular filtration rate on the prognosis 
of PCI.

Methods: We collected literature on the incidence of MACE in patients with chronic kidney disease (CKD; estimated glomerular 
filtration rate < 60 mL/minute/1.73 m2) and patients with nonchronic kidney disease undergoing PCI. The search period was from 
January 1, 2000, to November 1, 2021. The searched databases included CNKI, Chinese Wanfang Data, China Biology Medicine 
disc, Web of Science, PubMed, and Cochrane Library. We used subgroup analysis and meta-regression to assess heterogeneity.

Results: Twenty-one eligible studies were included, with 46,255 samples included, 4903 cases of MACE (10.6%), and patients 
with CKD had a higher risk of MACE after PCI (Risk ratios = 1.67; 95% confidence interval: 1.51–1.85). Multivariate meta regression 
results show that heterogeneity is related to region. The risk of MACEs in patients with CKD is different in different regions, and 
North America has the lowest risk, with an risk ratios value of 1.21 (95% confidence interval: 1.08–1.35).

Conclusion: Chronic kidney disease will increase the probability of MACE in patients with myocardial infarction after PCI and 
affect the prognosis of PCI. Therefore, clinical attention should be given to assessing glomerular filtration rate effects while treating 
patients with myocardial infarction with the PCI procedure.

Abbreviations:  CI = confidence interval, CKD = chronic kidney disease, eGFR = estimated glomerular filtration rate, MACE = 
major adverse cardiovascular events, PCI = percutaneous coronary intervention, RR = risk ratios.

Keywords: chronic kidney disease, glomerular filtration rate, major adverse cardiovascular events, meta, percutaneous coronary 
intervention

1. Introduction

According to the 2021 World Health Statistics Report,[1] 
ischemic heart disease has become 1 of the top 10 causes 
of death worldwide, and the death toll has exceeded 2 mil-
lion. The China Cardiovascular Health and Disease Report 
2020[2] shows that the number of coronary heart disease cases 
in China has reached 11.39 million, and the mortality rate 
of coronary heart disease has reached more than 120 per 
100,000. Currently, the most commonly used and best treat-
ment method for coronary heart disease is percutaneous cor-
onary intervention (PCI). To improve the prognosis after PCI, 

most scholars[3–7] conducted research from various aspects and 
used major adverse cardiovascular events (MACEs) to evalu-
ate the prognosis of PCI. A study by Copeland-Halperin RS[8] 
showed that the rate of MACE events in AMI patients 1 year 
after PCI was 17.8%. Therefore, effectively predicting the 
occurrence of MACEs is the key to improving the prognosis 
of AMI patients.

The kidney is the most important organ for regulating 
blood pressure. After damage, the excretion of calcium ions 
will increase, leading to hypocalcemia, high blood phosphorus, 
and metastatic calcification, which will cause vascular calcifica-
tion and aggravate cardiovascular damage.[9] Studies[10–12] have 
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shown that the kidney is highly associated with cardiovascular 
disease, of which the estimated glomerular filtration rate (eGFR) 
has the most significant impact. A comprehensive randomized 
controlled experiment[13] found that there are differences in the 
effects of the same treatment on cardiovascular patients with 
different levels of eGFR. Among them, patients with nonchronic 
kidney disease (eGFR > 60 mL/minute/1.73 m2) have better 
drug treatment effects. Although many studies have shown that 
chronic kidney disease (CKD) is related to cardiovascular dis-
ease, there is still some controversy about whether CKD has an 
impact on the prognosis of patients with myocardial infarction 
undergoing PCI.[14–16]

Therefore, this study proposes to adopt a meta-analysis 
method to compare the incidence of MACEs after PCI in myo-
cardial infarction patients with CKD and non-CKD and to 
analyze the relationship between CKD and the prognosis of 
PCI to provide a basis for improving the prognosis of PCI in 
the clinic.

2. Methods

2.1. Search strategy

Two independent reviewers conducted a comprehensive liter-
ature search of CNKI, Chinese Wanfang Data, China Biology 
Medicine disc, Web of Science, PubMed, and Cochrane Library 
databases from January 1, 2000, to November 1, 2021, to com-
pare the prognosis of myocardial infarction patients with or 
without CKD. Search terms included “myocardial infarction,” 
and “eGFR.” A reference list of qualified manuscripts was also 
manually searched to identify qualified studies. This meta-anal-
ysis report uses the PRISMA guidelines[17] (Fig. 1).

2.2. Selection criteria

Published reports of studies were eligible if: they were random-
ized controlled trials or observational studies from January 1, 
2000 to November 1, 2021, comparing the incidence of MACE 
in patients with CKD and non-CKD patients undergoing PCI, 
they had follow-up endpoints including the MACEs, and the 
subject of the study was patients with myocardial infarction 
undergoing PCI.

Studies were excluded if: they lacked eGFR grouping infor-
mation and MACE prognostic information, or they were case 
reports, editorials, other meta-analyses or repeated studies.

2.3. Indicator definition

CKD[18] is defined as abnormal kidney structure or function 
(eGFR < 60 mL/minute/1.73 m2), the appearance time is > 3 
months, and it affects health. The definition of myocardial 
infarction is based on the global definition released in 2018.[19] 
MACEs are defined as all-cause death, cardiovascular death, 
recurring myocardial infarction, target vessel reconstruction, 
and stroke.[20]

2.4. Data extraction

The data of the individual studies were extracted by 2 inde-
pendent researchers using standardized protocols and data 
extraction tables. Any differences were discussed and resolved 
by the third reviewer. The content of the literature extraction 
included the publication time of the literature, the baseline data 
of the selected patients, the follow-up time and the incidence of 
MACE, as shown in Table 1.
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Figure 1.  Flow diagram of the search strategy.
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2.5. Literature quality evaluation

The Newcastle Ottawa scale[38] was used to evaluate the quality 
of the included studies. It includes 3 categories and 8 items. In 
the “choice” and “outcome” categories, research was rated on a 
quality item with at most 1 “*” sign, and for the “comparabil-
ity” category, the maximum given was 2 “*” signs. A “*” sign 
means 1 point, and 6 points and above indicate high-quality 
documents.

2.6. Statistical analysis

Risk ratios (RRs) were used to assess the impact of binary 
events. We used the Mantel-Haenszel method for analysis and 
expressed the results in 95% confidence intervals. Heterogeneity 
was assessed by Cochran’s Q test (P < .1 is considered statisti-
cally significant) and the I2 statistic. The I2 statistic quantita-
tively evaluated heterogeneity (I2 value < 25% indicates mild 
heterogeneity, 25% to 50% indicates moderate heterogeneity, 
>50% indicates high heterogeneity[39]). We used subgroup anal-
ysis and meta-regression analysis to analyze the sources of het-
erogeneity and used Egger linear regression to assess publication 
bias. All statistical analyses were carried out using R4.1.1 and 
implemented through the meta package.[40]

3. Result

3.1. Literature screening process and results

The database searches and article reference list searches yielded 
more than 3000 potentially relevant articles. After deleting 
duplicates and applying exclusion criteria, 3947 articles were 
excluded, and 21 studies were included in the analysis (Fig. 1), 
with a sample of 46,255 cases and 4909 cases (10.6%) of 
MACEs.

3.2. The basic characteristics of the included literature

All included studies were observational, 14 studies were pro-
spective, and the remaining 7 were retrospective. The aver-
age age was 65.2 years, 72.5% were male, 17,839 (38.6%) 

were smokers, 15,187 were diabetic patients (32.8%), 31455 
patients had hypertension (68%), and 23.8% were CKD 
patients. The specific baseline characteristics are shown in 
Table  1. The Newcastle Ottawa scale was used to score the 
quality of the 21 included studies, and the ROB chart was used 
to evaluate the risk of bias. Most of the included literature 
was of high quality, and most of the risk biases were low risk 
(Fig. 2).

3.3. Meta-analysis

All 21 studies reported the incidence of MACEs after PCI. The 
meta-analysis results showed that the included studies had 
high heterogeneity (I2 = 0.55, P < .01), so the random effects 
model was used to combine the results. The results showed that 
CKD was related to the incidence of MACEs after PCI (Risk 
ratios [RR] = 1.67; 95% confidence interval [CI]: 1.51–1.85). 
Subgroup analysis found that the heterogeneity within differ-
ent follow-up years and regions decreased (P > .01) (Table 2), 
which may be the source of the heterogeneity of the included 
studies.

Meta regression analysis was used to further determine the 
source of heterogeneity. Region, age, sex, year of follow-up, 
year of publication, sample size, smoking rate, diabetes rate, 
and hypertension rate were set as single covariates for meta-re-
gression analysis. The evidence shows that region and publica-
tion time are statistically significant (P < .01). The region and 
publication time were included in the meta-regression analysis 
of multivariate covariates, and the results only showed that 
there were significant differences between regions (P < .01). The 
between-group variance decreased from 0.024 to 0.008, which 
could explain 65.85% of the heterogeneity (Table 3).

3.4. Sensitivity analysis

After excluding 4 low-quality studies,[24,25,30,35] the results showed 
that the RR of CKD to the incidence of MACE after PCI was 
1.66 (95% CI: 1.46–1.89), which is not much different from the 
RR value of 1.67 before elimination, indicating that the analysis 
result is relatively stable.

Table 1

Baseline characteristics of included studies.

Study Time 
NOS 

score 
Follow-up 

yr 
Type-
study Region 

CKD 
(n/N) 

NCKD 
(n/N) 

Age 
( X̄) 

Gender 
(M/F) Type-MI 

Smoking 
n(%) 

Diabetes 
n(%) 

Hypertension 
n(%) 

Francesca[21] 2008 8 1.0 Retro America 287/916 896/3456 64.6 3086/1286 all 2020(46.2) 1259(28.8) 3432(78.5)
Gabriele[20] 2016 8 1.0 Pro Italy 41/69 9/29 68.5 1515/466 ST 479(24.2) 484(24.4) 1423(71.8)
Wang[22] 2015 8 3.0 Retro China 24/57 30/194 63.5 195/56 all 110(43.8) 54(21.5) 135(53.8)
Uluganyan[23] 2016 7 2.0 Retro Turkey 24/72 186/812 53.7 773/111 ST 544(61.5) 228(25.8) 344(38.9)
Thomas[24] 2019 6 2.0 Pro France 38/136 83/695 64.3 630/201 all 322(38.7) 200(24.1) 494(59.4)
Masahiro[25] 2012 6 3.0 Pro Japan 583/5175 605/8959 68.2 10242/3892 all 4463(31.6) 5460(38.6) 11090(78.5)
Guo[26] 2015 8 5.0 Pro Korea 11/222 10/468 64.5 510/180 all 104(15.1) 253(36.7) 406(58.8)
Ding[27] 2012 8 6.0 Retro China 46/197 70/546 69.9 558/185 ST 190(25.6) 253(34.1) 390(52.5)
Gao[14] 2018 8 3.0 Pro China 2/14 16/120 59.1 102/32 ST 85(63.4) 34(25.4) 85(63.4)
Xv[28] 2021 8 5.0 Retro China 17/414 92/3858 64.5 2600/1672 all 2103(49.2) 1548(36.2) 3082(72.1)
Wang[29] 2016 9 1.0 Pro China 36/84 26/138 62.3 139/83 all 93(41.9) 119(53.6) 159(71.6)
Zhao[30] 2017 6 10.0 Pro China 41/110 9/38 69.1 0/148 ST 19(12.8) 34(23.0) 67(45.3)
Lu[31] 2016 7 2.0 Retro China 30/99 65/443 60.4 461/81 all 343(63.3) 111(20.5) 322(59.4)
Fabio[32] 2021 8 1.5 Pro Italy 20/94 40/406 67.0 391/109 all 100(20.0) 156(31.0) 407(81.0)
Ayako[33] 2013 8 3.0 Pro Japan 108/233 105/313 69.9 355/191 all 130(23.8) 270(49.5) 420(76.9)
Michael[34] 2020 8 6.0 Retro Israel 24/101 36/261 66.4 291/71 all 140(38.7) 166(45.9) 263(72.8)
Olivie[15] 2011 7 1.0 Pro France 26/126 45/314 65.3 333/107 all 217(49.3) 165(37.5) 239(54.3)
Jin[35] 2016 6 2.5 Pro Korea 167/1414 426/5602 62.2 5143/1873 all 4271(61.3) 1837(26.3) 3297(47.1)
Li[36] 2017 7 1.0 Pro China 31/197 80/870 63.9 749/318 ST 442(41.4) 244(22.9) 528(49.5)
Martin[37] 2012 7 2.0 Pro UK 119/1183 377/5537 63.2 5137/1583 all 1485(22.1) 2183(32.5) 4629(68.9)
Konstantinos[16] 2011 8 2.0 Pro Greece 8/96 14/304 60.9 326/74 all 179(44.8) 129(32.3) 243(60.8)

CKD = chronic kidney disease, M/F = Male/Female, n/N = MACE number/Total number, NCKD = non chronic kidney disease, Pro = Prospective, Retro = Retrospective.
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3.5. Publication bias

The Egger linear regression method was used to evaluate the 
publication bias of the 21 studies. The results showed that 
there was publication bias (P < .05), but it was not large, and 
no obvious publication bias was found after subgroup analysis 
(Table 2).

4. Discussion
This study found that there was a significant difference in the 
incidence of MACEs in CKD patients and non-CKD patients 
after PCI, and the incidence of MACEs in CKD patients was 

higher (RR = 1.67; 95% CI: 1.51–1.85). A retrospective 
cohort study in the United Kingdom[41] used eGFR and pro-
teinuria to assess the renal function of patients and found that 
both indicators are related to the risk of MACEs. The risk of 
MACE increased as eGFR decreased. The risk of heart failure 
in patients with a moderate or severe decline in renal function 
is 76% higher than that in patients with a mild decline in renal 
function. ODYSSEY OUTCOMES randomized clinical trial 
analysis[42] found that from eGFR < 80 mL/minute/1.73 m2 
upwards, the annual incidence of MACE and death will grad-
ually increase as eGFR decreases. In 2003, the American Heart 
Council considered kidney disease as 1 of the risk factors for 
the development of cardiovascular disease.[43] All of the above 

Figure 2.  Inclusion study risk bias ROB chart.
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Table 2

Results of subgroup

Subgroup Studies RR (95% CI) homogeneity Q P Egger (P) 

Follow-up year
 � ≤1 5 1.59 (1.21, 2.09) 12.2 .02 .04
 � ≤2 6 1.79 (1.48, 2.17) 8.20 .15 .26
 � ≤3 5 1.62 (1.40, 1.88) 8.27 .08 .89
 � >3 5 1.78 (1.43, 2.21) 0.58 .97 .71
Type-study
 � Retrospective 7 1.71 (1.34, 2.18) 23.11 <.01 .01
 � Prospective 14 1.64 (1.52, 1.77) 13.70 .40 .30
Time
 � <2015 7 1.47 (1.28, 1.70) 19.25 <.01 .66
 � ≥2015 14 1.81 (1.63, 2.01) 13.47 .41 .21
Number
 � <1000 7 1.52 (1.32, 1.75) 19.54 <.01 .46
 � ≥1000 14 1.81 (1.59, 2.07) 17.39 .18 .27
Age
 � <65 13 1.73 (1.47, 2.02) 36.66 <.01 .01
 � ≥65 8 1.63 (1.50, 1.78) 4.99 .66 .69
Type-MI
 � ST 6 1.66 (1.38, 1.99) 1.53 .91 .51
 � all 15 1.69 (1.49, 1.92) 42.67 <.01 .02
Smoking rate
 � <0.4 10 1.66 (1.51, 1.83) 10.61 .30 .23
 � ≥0.4 11 1.66 (1.40, 1.98) 27.78 <.01 .03
Diabetes rate
 � <0.3 10 1.71 (1.41, 2.08) 31.57 <.01 .04
 � ≥0.3 11 1.63 (1.51, 1.76) 8.77 .55 .26
Hypertension rate
 � <0.6 10 1.79 (1.57, 2.04) 11.74 .23 .21
 � ≥0.6 11 1.57 (1.37, 1.81) 26.21 <.01 .23
Region
 � Asia 14 1.66 (1.54, 1.80) 13.62 .40 .25
 � Europe 6 1.76 (1.45, 2.15) 7.13 .21 .34
 � North America 1 1.21 (1.08, 1.35) 0.00 NA NA
 � Total study 21 1.67 (1.51, 1.85) 44.87 <.01 .02

CI = confidence interval, MI = myocardial infarction, NA = not available, RR = risk ratios.

Table 3

Result of meta-regression analysis.

Variable b 95% CI P Tau2 

Single covariate
Follow-up year 0.02
 � ≤1    
 � ≤2 0.16 (−0.13, 0.45) .27
 � ≤3 0.07 (−0.21, 0.35) .63
 � >3 0.15 (−0.18, 0.49) .38
Region 0.01
 � Asia    
 � Europe 0.03 (−0.17, 0.23) .78
 � North America −0.34 (−0.57, −0.10) <.01
Type-MI 0.01 (−0.25, 0.28) .92 0.03
Type-study 0.03 (−0.19, 0.25) .82 0.03
Time 0.24 (0.05, 0.42) <.01 0.01
Number −0.18 (−0.37, 0.01) .06 0.02
Age −0.02 (−0.24, 0.19) .83 0.03
Smoking rate −0.05 (−0.26, 0.16) .65 0.03
Diabetes rate 0.00 (−0.21, 0.22) .98 0.03
Hypertension rate −0.15 (−0.34, 0.05) .15 0.02
Multiple covariates 0.01
Time 0.17 (−0.01, 0.35) .05
Region (Asia)   
Region (Europe) 0.06 (−0.15, 0.26) .56
Region (North America) −0.24 (−0.49, 0.31) <.01

CI = confidence interval, MI = myocardial infarction.
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findings demonstrate that the incidence of MACEs after PCI 
may be higher in patients with CKD. Regarding the mecha-
nism of kidney disease affecting the cardiovascular system, 
most scholars believe that multiple mechanisms coexist. The 
most important mechanism is endothelial cell dysfunction.[9] 
Endothelial cells regulate vascular tension and function by 
releasing nitric oxide, and nitric oxide inhibits platelet aggre-
gation. Smooth muscle cell proliferation and leukocyte adhe-
sion create an antiatherosclerotic environment.[44] The number 
of endothelial cells in patients with kidney disease is reduced. 
As part of the microcirculation, endothelial cells are a part 
of the microcirculation. Its decline will cause sparse microves-
sels and decreased perfusion, which will lead to secretion and 
metabolism disorders in the body and cause cardiovascular 
disease.[45]

We used subgroup analysis to analyze the source of hetero-
geneity and found that studies with ≤ 1 year of follow-up had 
a lower RR of 1.59 (95% CI: 1.21–2.09) for patients with 
CKD compared to those without CKD. Studies with follow-up 
years > 3 years had a pooled higher RR of 1.78 (95% CI: 1.43–
2.21), indicating that with the prolonged follow-up time and 
the course of the disease, the relative risk of CKD increased, 
and the probability of MACE in CKD patients increased after 
PCI. After combining the RR of the subgroups, we found that 
the RR of the prospective studies (1.64) was lower than that of 
the retrospective studies (RR = 1.71), and there was heteroge-
neity within the retrospective studies (P < .01), which may be 
related to the selection bias of retrospective studies. It is worth 
noting that the combined RR value (1.47) of the research pub-
lished before 2015 was much lower than that of the research 
published after 2015 (RR = 1.81), and there was no hetero-
geneity between the studies after 2015 (P > .10). This may be 
because the information collection system has become more 
complete in recent years, with more detailed data and smaller 
errors. Moreover, relevant results also appeared in the sample 
size indicator. Studies with sample sizes ≥ 1000 (RR = 1.81) 
had a higher RR and there was no heterogeneity. As the sam-
ple size increases, the conclusion is relatively more reliable. A 
single-covariate meta-regression analysis found that region and 
publication time were statistically significant (P < .01). The 
region and publication time were included in the meta-regres-
sion analysis of multivariate covariates, and the results only 
showed that there were significant differences between regions 
(P < .01). The between-group variance was reduced from 0.024 
to 0.008, which can explain 65.85% of the heterogeneity. The 
sensitivity analysis of the included studies was carried out, and 
the results after elimination were not much different and were 
relatively stable. In addition, the quality of the included studies 
was relatively high, so the results of the meta-analysis are also 
highly credible.

However, this study also has some shortcomings. The first 
is that the included literature may have a certain degree of 
publication bias. Since most of the studies we included are 
observational studies, even if they are prospective, they will 
be subject to some restrictions, such as selection bias. The 
results of subgroup analysis also suggest that the heteroge-
neity of retrospective studies is high, while the heterogeneity 
of prospective studies is low. In addition, due to the incom-
plete baseline data of some included studies, the results may 
be affected by unobservable confounding factors, such as the 
number of stents implanted during PCI, the degree of car-
diovascular damage in the patient, and the operation of the 
surgeon.

In summary, the results of this meta-study show that com-
pared with non-CKD patients with myocardial infarction, CKD 
patients are more likely to develop MACEs after PCI. Therefore, 
clinicians should properly assess the patient’s eGFR level before 
PCI in patients with myocardial infarction to adopt matching 
treatments to improve the prognosis of PCI.
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