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Background: Diabetic kidney disease (DKD) had been proposed as a contributor in the pathogenesis of coronary artery disease (CAD). However, the relationship of DKD and the long-term adverse outcomes in patients with CAD after percutaneous coronary intervention (PCI) was still undiscovered.



Methods: Approximately 892 patients with CAD enrolled from January 2012 to December 2016. The patients were divided into two groups, the DKD group (n = 341) and the None DKD group (n = 551). The primary outcome was major adverse cardiac events (MACE) after PCI. The average follow-up time was 1,897 ± 1,276 days.



Results: Baseline data showed that some factors were significantly different between the two groups, including age, body mass index, gender (female), hypertension, smoking, stroke history, heart failure, duration of diabetic mellitus (DM), low-density lipoprotein cholesterol, urinary protein/creatinine ratio, serum creatinine, hemoglobin, platelet, antiplatelet, beta blocker, statin, antihypertensive drugs, and insulin (all p < 0.005). There were significant differences between the two groups in MACE, 40.3% vs. 52.2% (p = 0.001), and in cardiovascular death events and all-cause death events (5.6% vs. 20.5%, p < 0.001 and 4.4% vs. 13.5%, p < 0.001, respectively). In the DKD group, the risk of MACE was elevated to 141.9% [hazard ratio (HR) = 1.419, 95% confidence interval (CI): 1.164–1.730, p = 0.001] in the Cox univariable regression analyses; after adjusting co-variables, the Cox multivariable regression analyses demonstrated that DKD was an independent predictor for MACE (HR = 1.291, 95% CI: 1.027–1.624, p = 0.029) in patients with CAD after PCI, as well as in cardiovascular death events (HR = 2.148, 95% CI: 1.292–3.572, p = 0.003) and all-cause death events (HR = 2.229, 95% CI: 1.325–3.749, p = 0.003).



Conclusion: This study suggests that DKD is an independent and novel predictor of long-term adverse outcomes in patients with CAD and DM who underwent PCI.
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1 Introduction

Diabetic mellitus (DM) is the most common risk factor for coronary artery disease (CAD), which is the leading cause of death in the world (1). Percutaneous coronary intervention (PCI) is an effective treatment for CAD (2). However, there are still more than 30% of patients with DM after initial PCI who may experience major adverse cardiac and stroke events (MACE) during out-of-hospital treatment, including cardiovascular death, cardiac insufficiency, stroke, recurrent acute myocardial infarction, and other serious complications (3).

Relevant studies have shown that patients with diabetic kidney disease (DKD) have a higher risk of developing CAD. Among the hospitalized patients with CAD, the incidence of adverse events is higher in those with renal disease (4). In studies over the recent years, a large number of new test markers have been reported to predict the clinical prognosis of patients with CAD and type 2 DM. For example, the cystatin C or C-reactive protein (CRP) is a better indicator of the risk of CAD (5). However, there were few studies that focused on the prognosis of patients with CAD combined with DKD. Thus, we enrolled patients with DM and CAD after PCI and performed a long-term retrospective follow-up to excavate the relationship between the DKD and clinical outcomes. The Cox regressions were used as the main prediction model for data calculation.



2 Method


2.1 Study design and population

A total number of 892 patients with CAD complicated with DM were enrolled in this retrospective cohort study, and the data were collected from hospitalized inpatients at the First Affiliated Hospital of Zhengzhou University between January 2012 and December 2018. The inclusion criteria were patients with CAD including unstable angina pectoris, non-ST-elevated myocardial infarction, and ST-elevated myocardial infarction who had undergone coronary angiography (CAG) showing stenosis ≥80% and received stent implantation via PCI. According to the latest DM guidelines, a patient with DKD is defined as someone with chronic kidney disease caused by diabetes, with an estimated glomerular filtration rate (eGFR) <60 ml/(min/1.73 m2) and lasting for more than 3 months (6). Patients were excluded if they: (i) were lost to follow-up; or (ii) were with critical complications such as severe rheumatic heart disease, congenital heart disease, valvular heart disease, cardiomyopathy, acute infections, malignancies, hematological disease, and/or serious liver dysfunction. This study complied with the Declaration of Helsinki and the research protocol was approved by the Ethics Committee of the First Afﬁliated Hospital of Zhengzhou University (Approval number 2021-KY-0719). The details of the design and procedure are registered at http://www.chictr.org.cn (registration number: ChiCTR2200055450).



2.2 Demographic and clinical characteristics collection

We collected and documented the demographic data, contemporary comorbidities, and biochemical laboratory parameters for all patients, including: (i) age, body mass index (BMI), and gender (female); (ii) previously confirmed hypertension (HTN), smoking status, previous stroke, and heart failure history record; (iii) detections of high-density lipoprotein (HDL) cholesterol and low-density lipoprotein (LDL) cholesterol, urinary protein/creatinine ratio (UACR), blood serum creatinine (Scr), CRP, white blood cell (WBC), hemoglobin, and blood platelets (PLT); and (iv) management plan including antiplatelet, beta blocker, statin, hypoglycemic agent, antihypertensive drugs, and calcium channel blocker. Among these 24 baseline characteristics in Table 1 were regarded as the classic cardiovascular risk factors.


TABLE 1 Baseline characteristics between the DKD group and the None DKD group.
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HTN was confirmed as an average systolic blood pressure of at least 140 mm Hg or an average diastolic blood pressure of at least 90 mm Hg or self-reported using of one or more varieties of antihypertensive medication in the past 14 days. Complying with the American Heart Association/American Diabetes Association (AHA/ADA) Scientific Statement (7), DM diagnostic criteria were positive in patients with glycated hemoglobin (A1c) ≥6.5% (48 mmol/mol) or fasting plasma glucose ≥126 mg/dl (7.0 mmol/L) or 2-h glucose ≥200 mg/dl (11.1 mmol/L) or in patients with random glucose ≥200 mg/dl (11.1 mmol/L) who showed classic symptoms of DM.



2.3 Endpoints

The primary endpoint was the MACE, including cardiovascular death events, all-cause death, hospitalization for acute cardiac insufficiency, recurrent myocardial infarction undergone PCI (re-AMI), readmission with chest pain, and stroke.

Recurrent myocardial infarction was diagnosed as a new electrocardiogram Q wave, and the plasma detection of creatine kinase MB and/or troponin I/T increased to more than threefold of the upper limit of the normal range within 48 h after the procedure (8). Stroke was deﬁned as sudden onset of syncope, aphasia, and decreased level of consciousness, due to hemorrhage, embolism, or aneurysm rupture, that persisting for >24 h (9). All event incidences were verified by an event adjudication committee that was blinded to the group of participants.



2.4 Follow-up period

In this research, the median follow-up time was 3,000.0 days (384.0–3,000.0). The follow-up visits were performed by physicians in out-patient department offices or by telephone contacts, as necessary. The endpoint events were assessed at each follow-up visit. Flow chart of the study is shown in Figure 1.


[image: Figure 1]
FIGURE 1
The flowchart of the patients’ enrollment.




2.5 Statistical analyses

All analyses were performed using the SPSS 24.0 for Windows statistical software. The continuous variables were tested for normal distribution using the Mann–Whitney U test, and presented as mean ± standard deviation (SD). They were compared using two-tailed unpaired t tests; non-normal data were expressed as median (lower quartile, upper quartile). The categorical variables were demonstrated as numbers and percentages and compared using the two-tailed χ2 test, and presented as numbers (percentage). The Kaplan–Meier curves were framed for cumulative incidence rates of long-term outcomes and the log-rank test was used to compare variables between groups. Cox univariable regression analyses were used to collect the covariates with the DKD group, which were enrolled into the Cox multivariable regression when p < 0.1 (bold font in Tables 3–5); Cox multivariable regression analyses were performed to estimate the predictive value of the DKD group for outcomes, using backward stepwise regression. Hazard ratios (HRs) and 95% conﬁdence intervals (CIs) were calculated, and p < 0.05 was considered statistically signiﬁcant. Collinearity diagnostic test was used to certify whether there is a high correlation between independent variables in the Cox multivariable regression.


TABLE 3 Analyses of Cox univariable model for MACE events.
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TABLE 4 Analyses of Cox univariable model for cardiovascular death events.
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TABLE 5 Analyses of Cox univariable model for all-cause death events.
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3 Results


3.1 Baseline demographic and clinical characteristics

As presented in Table 1, several variables showed signiﬁcant differences between these two groups, including age (63.99 ± 10.89 vs. 54.91 ± 10.65, p < 0.001), BMI (24.27 ± 6.05 vs. 23.36 ± 6.21, p = 0.043), gender (female, 32.0% vs. 22.1%, p = 0.001), HTN (62.8% vs. 54.4%, p = 0.015), smoking status (35.2% vs. 46.8%, p = 0.001), stroke history (20.2% vs. 10.5%, p < 0.001), heart failure (69.7% vs. 55.4%, p < 0.001), duration of DM [10.0 (8.0–18.0) vs. 8.5 (8.0–11.0), p < 0.001], LDL (2.38 ± 0.93 vs. 2.53 ± 0.89, p = 0.020), UACR [703.97 (419.68–1,074.46) vs. 550.78 (416.56–861.71), p = 0.005], serum creatinine [88.00 (77.00–101.30) vs. 76.0 (56.00–72.00), p < 0.001], hemoglobin (129.30 ± 24.30 vs. 136.77 ± 20.07, p < 0.001), platelet (207.16 ± 61.04 vs. 223.28 ± 65.01, p < 0.001), antiplatelet (72.0% vs. 91.6%, p < 0.001), beta blocker (55.6% vs. 67.9%, p < 0.001), statin (79.3% vs. 93.2%, p < 0.001), antihypertensive drugs (50.2% vs. 64.2%, p < 0.001), and insulin 44.1% vs. 30.4%, p < 0.001. However, signiﬁcant differences between the two groups were not found in HbA1c, HDL, CRP, WBC, hypoglycemic agent, and calcium channel blocker comparisons (all p > 0.05).



3.2 Clinical outcomes

As demonstrated in Table 2, the MACE incidents were less in the None DKD group vs. the DKD group (40.3% vs. 52.2%, p = 0.001). For the cardiovascular death events and all-cause death events, we found significant differences between the two groups (5.6% vs. 20.5%, p < 0.001; and 4.4% vs. 13.5%, p < 0.001). Signiﬁcant differences between the two groups were not found in hospitalization for acute cardiac insufficiency, recurrent myocardial infarction undergone PCI, readmission with chest pain, and stroke.


TABLE 2 Outcomes comparison between the two groups.
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As shown in Figures 2–4, the DKD group vs. the None DKD group's Kaplan–Meier curves were framed for cumulative incidence rates of long-term outcomes and the log-rank p < 0.001 between groups.


[image: Figure 2]
FIGURE 2
The DKD group vs. the None DKD group's Kaplan–Meier curves for MACE.
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FIGURE 3
The DKD group vs. the None DKD group's Kaplan–Meier curves for cardiovascular death events.
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FIGURE 4
The DKD group vs. the None DKD group's Kaplan–Meier curves for all-cause death events.




3.3 Univariable Cox regression

As presented in Table 3, all baseline characteristics were calculated in the MACE by univariable Cox regression analyses. We found that belonging to the DKD group, smoking status, HbA1c, duration of DM, hemoglobin, PLT, antiplatelet, and statin were predictors. Belonging to the DKD group is a risk factor and the HR of MACE was 1.419 (95% CI: 1.164–1.730, p = 0.001). Smoking status, HbA1c, duration of DM were also risk factors (HR = 1.198, 1.079, and 1.017; p = 0.073, 0.006, and 0.024), and higher hemoglobin, higher PLT, antiplatelet medication group, and statin medication group were protective factors (HR = 0.995, 0.998, 0.763, and 0.666; p = 0.034, 0.048, 0.041, and 0.004).

As presented in Table 4, all baseline characteristics were calculated in cardiovascular death events by univariable Cox regression analyses, and as a result, belonging to the DKD group, age, heart failure, duration of DM, creatinine, WBC, PLT, antiplatelet, beta blocker, statin, antihypertensive drugs and hypoglycemic agent were predictors. The DKD group is a risk factor and the HR of MACE was 3.951 (95% CI: 2.587–6.033, p < 0.001). Age, heart failure, duration of DM, creatinine, WBC were also risk factors (HR, all >1.0; p < 0.05), and PLT, antiplatelet, beta blocker, statin, antihypertensive drugs, and hypoglycemic agent were protective factors (all HR <1.0; p < 0.05).

As presented in Table 5, all baseline characteristics were calculated in all-cause death events by univariable Cox regression analyses, and as a result, belonging to the DKD group, age, HTN, smoking status, heart failure, creatinine, WBC, PLT, beta blocker, statin, antihypertensive drugs, hypoglycemic agent, insulin were predictors. The DKD group is a risk factor and the HR of MACE was 3.308 (95% CI: 2.019–5.420, p < 0.001). HTN, smoking status, heart failure, creatinine, WBC were also risk factors (HR all >1.0; p < 0.05), and PLT, beta blocker, statin, antihypertensive drugs, hypoglycemic agent, and insulin were protective factors (HR all <1.0; p < 0.05).



3.4 Multivariable Cox regression

In Table 6, after adjusting for univariable factors from Table 3 (Smoking status, HbA1c ≥ 9.0 mmol L−1, LDL ≥ 1.8 mmol L−1), compared with the patients in the None DKD group, in the DKD group the risk for MACE was elevated to 129.1% (HR = 1.291, 95% CI: 1.027–1.624, p = 0.029) in the multivariable model, and the DKD group was an independent predictor to the MACE in patients with CAD accompanied with DM after PCI. These four factors were not collinear [Variance Inflation Factor (VIF) < 5.0].


TABLE 6 Analyses of Cox multivariable model for MACE event.
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In Table 7, after adjusting for univariable factors from Table 4 (age ≥60 years, heart failure, statin, hypoglycemic agent), compared with the patients in the None DKD group, in the DKD group the risk for cardiovascular death events were elevated to 214.8% (HR = 2.148, 95% CI: 1.292–3.572, p = 0.003) in the multivariable model, and the DKD group was an independent predictor to the MACE in patients with CAD accompanied with DM after PCI. These five factors were not collinear (VIF < 5.0).


TABLE 7 Analyses of Cox multivariable model for cardiovascular death events.
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In Table 8, after adjusting for univariable factors from Table 5 (age ≥60 years, hypoglycemic agent), compared with the patients in the None DKD group, in the DKD group the risk for MACE was elevated to 222.9% (HR = 2.229, 95% CI: 1.325–3.749, p = 0.003) in the multivariable model, and the DKD group was an independent predictor to the all-cause death event in the patients with CAD accompanied with DM after PCI. These four factors were not collinear (VIF < 5.0).


TABLE 8 Analyses of Cox multivariable model for all-cause death events.
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4 Discussion

The prevalence of type 2 DM is increasing worldwide because of the increasing number of obese patients (10), DKD affects about 25% of patients with type 2 diabetes and is one of the leading cause of death in the world in high-income countries (11). In addition, patients with DKD have a very high cardiovascular risk, comparable with patients without DKD (12). In these patients, treatment with statins, angiotension-converting enzyme (ACE) inhibitors, or angiotensin-receptor blockers can delay the progression of kidney disease and reduce cardiovascular morbidity, whereas glucose-lowering therapy can prevent and delay the progression of DKD (13).

The main cause of death in patients with CKD and DM is cardiovascular death, which is caused by events such as stroke, sudden cardiac arrest, myocardial infarction, and other fatal complications. Numerous studies have shown that accelerated aging of blood vessels, valves, and the heart, characterized by soft tissue calcification, vascular wall degeneration, and myocardial fibrosis, is associated with mortality in patients with DM and CKD (14–16). Therefore, identification and management of risk factors for DKD, as well as timely diagnosis and treatment of the disease, are essential.

Extensive endothelial dysfunction, characterized by increased vascular permeability and inflammation (17), is a pathogenic mechanism underlying multiple microvascular and macrovascular complications of diabetes and is associated with cardiovascular mortality (17). In this study, we had found the DKD group HR indicates a 41.9% increase in the risk of MACE (HR = 1.419, 95% CI: 1.164–1.730, p = 0.001) in univariable Cox regression. After adjusting the co-variables, including smoking status, HbA1c ≥ 9.0 mmol L−1, LDL ≥ 1.8 mmol L−1, and the DKD group, the risk for MACE was elevated to 129.1% (HR = 1.376, 95% CI: 1.027–1.624, p = 0.029), thus the DKD group was an independent predictor to the risk of MACE event.

Consistent with these findings, for broadly defined renal failure [RF, refers to eGFR < 60 ml/(min/1.73 m2)] in patients with DM, Liosis et al. used a post hoc study to examine in-hospital term mortality in patients with acute coronary syndrome, and found that patients with both diabetes and RF had the highest mortality compared with other subgroups of patients (18). Compared with the no-DM and the no-RF subgroup, the odds ratios of DM without RF, DM with RF, RF without DM subgroups were: 1.62, 3.0, and 2.13, respectively. Watanabe et al. evaluated the RF in patients with left main distal bifurcation, and found that adverse outcomes were significantly higher in the severe RF group than that in the other groups (adjusted HR, 3.6) (19). They suggested that vigilance for the complications of DKD should be maintained when developing treatment strategies for patients after PCI, or other surgical procedures for coronary artery treatment, such as coronary artery bypass grafting (CABG) (20). Moreover, the increased risk is not only for CAD, but also for peripheral vascular diseases such as diabetic retinopathy or stroke (21).

In DKD, significant inflammation can be observed both in the beginning and ongoing stages of renal injury (22). Both systemic and local renal inflammatory responses were upregulated in DKD. Sapa et al. found that an inflammatory marker of renal filtration, asymmetric dimethylarginine (ADMA), had demonstrated a direct connection between low renal uremic solute clearance and the deterioration of cardiovascular death (23). In the diabetic state, high glucose and oxidative stress simultaneously induce the activation of the known inflammatory signaling molecule NF-κB (24), which triggers activation of the downstream effector iNOS, a promoter of oxidative stress and inflammation, leading to extensive nitrotyrosine in proteins (25). Sun et al. found that pharmacological inhibition of NF-κB signaling can prevent DKD (26).

There were limitations in this study, it was a single-center study with the limitation of regional selection, and the retrospective study caused limited data collection bias, which needs to be improved by future prospective studies. Therefore, further a prospective multi-center cohort study with a continuous estimation would improve the evidence level of evidence-based medicine. In conclusion, in this study we had found that DKD is an independent and novel predictor of long-term adverse outcomes in patients with CAD accompanied with DM who underwent PCI.
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