Comparison of preemptive and non-preemptive renal transplant recipients with diabetes in terms of coronary artery disease and long-term survival
 
Introduction
Patients with end-stage renal disease (ESRD) have an increased risk of severe cardiac events such as myocardial infarction and death. In these patients, extensive coronary atherosclerosis may be caused by a high prevalence of risk factors such as diabetes and hypertension and the existence of pro-atherogenic factors associated with dialysis and renal failure.(1) Moreover, as these patients age and their time spent on dialysis increases, so do the numbers of pretransplant and posttransplant cardiovascular events.(2) Survival and quality of life are better in patients with ESRD who receive a renal transplant (RT) than in those on dialysis.(3) However, although survival in patients with ESRD improves considerably after RT, the 10-year life expectancy is still worse than in the general population.
Coronary artery disease is the primary cause of morbidity and mortality after RT and is responsible for approximately 30%–50% of all deaths. In a recent report, cardiovascular disease, including angina pectoris, cerebrovascular accidents, and peripheral vascular disease, was present in 25% of patients at 10 years and 53% of those at 15 years after RT.(4) In addition to traditional cardiovascular risk factors, factors related to ESRD, graft function, and immunosuppressive medication post-RT are also risk factors for coronary artery disease.(4,5) 
[bookmark: _Hlk48301159]Recent research has shown that mortality is higher in patients waiting on dialysis than in preemptive RT recipients.(6) The potential benefits of preemptive RT are decreased morbidity and mortality associated with dialysis and reduced costs. Moreover, allograft failure is lower in patients who receive a preemptive transplant from a living donor than in those who do not. (7) Kidney disease is one of the most frequent complications of diabetes and is defined as a chronic renal disease with no other documented cause. (8) Diabetes is still the leading cause of ESRD in most countries around the world. (9) Patients with diabetes and ESRD who undergo preemptive transplantation have a two-fold higher risk of mortality than their nondiabetic counterparts. Patients with diabetes who had been waiting for transplantation for more than two years were found to be at a four-fold higher risk for mortality. (6) Therefore, diabetes status is particularly important in RT recipients. In a study that compared the cardiovascular risk factors in RT recipients with those in the Framingham Heart Study population, the risk of ischemic heart disease associated with diabetes mellitus was substantially higher in the RT recipients.(10,11) In another study, preemptive RT was accepted as the best renal replacement option for a patient with type 1 diabetes approaching ESRD.(12)
Studies of the relationship between coronary artery disease, the pre-transplant approach, and long-term survival are limited in RT candidates with diabetes. This study aimed to compare coronary artery disease and long-term survival rates in patients with diabetes according to whether they did or did not receive preemptive RT. In this way, we examined the effect of the treatment strategy used for coronary artery disease and the approach before transplantation on survival in transplant recipients with diabetes.

Materials and Methods
This retrospective single-center study included 164 patients with diabetes and ESRD who were 18 years or older and underwent coronary angiography before RT between 2012 and 2020. Ethical approval for the study was obtained from the Regional Ethics Committee.
Patients with a history of coronary artery disease, percutaneous coronary intervention, or coronary bypass surgery before angiography and those with advanced left ventricular systolic dysfunction (ejection fraction <40%) were excluded. Preemptive RT was defined as transplantation performed before initiation of dialysis. Coronary angiography was performed before RT in patients with a positive cardiac stress test (treadmill test or myocardial perfusion scintigraphy), those with typical angina, and those with poor glycemic control. Demographic data, laboratory findings, cardiovascular risk factors, insulin dependence status, and duration of hemodialysis before RT were obtained from the transplantation department database.
The patients were divided into a non-dialysis (preemptive) group and a dialysis (non-preemptive) group. Critical coronary artery disease was defined as ≥70 stenosis in a major coronary artery or major side branch (>1.5 mm in diameter and >20 mm in lesion). Based on the results of coronary angiography, the following three distinct definitions were made: normal coronary arteries, non-critical coronary artery disease (<70%), and critical coronary artery disease (≥70%). Localization of stenosis and the number of stenotic vessels were also recorded. 
The Gemini and SYNTAX scores were calculated for all patients to determine the extent and severity of coronary artery disease. Both scores were evaluated by two expert operators blinded to the angiography results. When there was a discrepancy between the two experts, an opinion was sought from a third cardiologist. Procedural details, including stent type, size, and diameter, were also recorded in patients who underwent coronary revascularization. The primary endpoint of the study was all-cause mortality.
Statistical analysis
Continuous variables are shown as the median and interquartile range and categorical variables as the number and percentage. The distribution of data was assessed using the Kolmogorov-Smirnov test. Continuous variables were compared between groups using an independent-sample t-test or Mann-Whitney test as appropriate. Categorical data were compared using the chi-square test or Fisher’s exact test. Survival curves were generated using the Kaplan-Meier method. Differences in the survival curves were assessed using the log-rank test. Cox regression analysis was used to determine the factors related to survival. Variables found to be significant in univariate analysis or with clinical relevance were included in multivariate analysis. All statistical analyses were conducted using SPSS software version 22 (IBM Corp., Armonk, NY). A two-tailed p-value <0.05 was considered statistically significant.

Results 
A total of 164 patients were included in the study. One hundred and twenty-five (78%) of the patients were male. The patient characteristics at baseline are shown in Table 1. There was no statistically significant between-group difference in the rates of insulin-dependent diabetes mellitus (66%, n=109), hypertension (58.5%, n=96), hyperlipidemia (31.1%, n=51), or cigarette smoking (15.9%, n=26). The mean creatinine, potassium, calcium, albumin, and hemoglobin levels were 6.6 mg/dL, 5.1 mg/dL, 8.9 mg/dL, 3.8 mg/dL, and 11.2 mg/dL, respectively; all these values were significantly higher in the non-preemptive RT group (p<0.001). 
The mean duration of dialysis before RT was 1 (0.5–2.5) years in the non-preemptive group. The angiographic characteristics of the patients are shown in Table 2. Non-critical coronary artery disease was found in 22 patients (17.9%) in the non-preemptive group, and in nine (22.0%) in the preemptive group, the between-group difference was not statistically significant (p=0.56).
Single-vessel disease was found in 25 patients (20.3%) in the non-preemptive group and in 8 (19.5%) in the preemptive group with respective rates of 7.3% (n=9) and 7.3% (n=3) for two-vessel disease and 21.3% (n=26) and 20.0% (n=8) for multi-vessel disease; there were no significant between-group differences (p=0.91, p=1, and p=0.86). The SYNTAX and Gemini scores were not significantly different between the two groups (p=0. 85 and p=0.68).
PCI was performed in 15.4% of patients (n=19) in the non-preemptive group and in 14.6% (n=6) in the preemptive group; coronary artery bypass graft surgery was performed in 17.1% (n=21) and 17.5% (n=7), respectively; there was no significant between-group difference (p=0.9 and p=0.95). Furthermore, there was no significant difference in stent type, size, or length between the study groups (p=0.49, p=0.59, and p=0.09). Cox regression analysis was performed to determine the factors related to survival. Variables found to be significant in univariate analysis or with clinical relevance were included in the multivariate analysis. The results of the Cox regression analysis for all-cause mortality are shown in Table 3.
Factors found to be significantly related to survival in the univariate analysis were patient age (p=0.04), hypertension (p=0.04), hyperlipidemia (p=0.001), and smoking (p=0.02). Only patient age (p=0.04) and hyperlipidemia (p=0.01) were significantly related to survival in the multivariate analysis. Any critical stenosis (p=0.1) and multivessel disease (p=0.41) did not predict all-cause mortality.
A preemptive RT approach was not found to predict all-cause mortality (p=0.33). The median follow-up duration was 4.8 years (interquartile range, 2.7–7.1) The estimated mean survival time was 7.86 years (lower bound, 7.247; upper bound, 8.312) in the preemptive group and 7.72 years (lower bound, 7.196; upper bound, 8.2) in the non-preemptive group. Kaplan-Meier analyses revealed no significant between-group difference in long-term all-cause mortality (hazard ratio 0.59, 95% confidence interval 0.20–0.71; p=0.33) Twenty-nine (17.7%) of the 164 patients in the study died in the long term, with no significant difference in the death rate between the two groups (four [9.8%] in the preemptive group vs 25 [20.3%] in the non-preemptive group; p=0.12). Seven (24.1%) of the 29 patients who died had multivessel coronary artery disease and 27 (20.3%) of 133 surviving patients had multivessel disease. There was no difference in the severity of coronary artery disease between the RT recipients who died and those who survived (p=0.64). The cause of death in these 29 patients was myocardial infarction in 13 (44.8%), sudden cardiac death in four (13.7%), sepsis in four (13.7%), liver failure in two (6.9%), cerebrovascular accident in two (6.9%), kidney failure in one (3.4%), pneumonia in one (3.4%), lung cancer in one (3.4%), and heart failure in one (3.4%). 

Discussion
In this study, we found that the extent, severity, and revascularization of coronary artery disease and long-term mortality rates were similar between  preemptive and non-preemptive RT recipients with diabetes. Furthermore, in this study, critical coronary artery disease was not an independent predictor of all-cause mortality. 
Preemptive transplantation has been associated with improved graft survival and reduced mortality in recipients of cadaveric and living donor transplants. (12) An association has also been reported for a longer duration of dialysis before transplantation and higher rates of cardiovascular disease and mortality. (8) However, in our study, there was no significant difference in long-term mortality between the two groups, possibly because of the relatively short duration of dialysis until transplantation in our non-preemptive study group. Most of the non-preemptive recipients underwent kidney transplantation within the first year. Renal transplants in our country are mostly from living donors, which decreases the dialysis duration and waiting time for transplantation. A recent study found that time on dialysis predicted mortality in young and elderly RT patients.(13) Consistent with our present findings, Unsal et al. found no significant difference in 1-year or 3-year mortality between preemptive and non-preemptive RT recipients.(14). Another reason may be that those with a documented history of coronary artery disease (myocardial infarction, percutaneous coronary intervention, coronary artery bypass graft surgery) before angiography were excluded from the study. This may have affected the results in two ways; first, the total coronary artery disease burden decreased; second, since these patients may have been on dialysis for many years, their exclusion from the study may have caused a decrease in the mean dialysis time. Lorent et al. showed that a history of cardiovascular disease was a predictor of 1-year mortality after kidney transplantation (15). 
The extent and severity of coronary artery disease and the need for coronary revascularization and revascularization strategies did not differ between our study groups. This may reflect the relatively short dialysis duration until transplantation. 
We found that neither critical coronary stenosis nor multivessel disease was a predictor of long-term survival. Different results were found in several studies examining the relationship between the severity of pre-transplant coronary artery disease and long-term survival. Gowdak et al. found that mortality was significantly higher in patients with critical coronary artery disease by approximately two years of follow-up after kidney transplantation (16). By contrast, other studies found that neither the severity of pre-transplant coronary artery disease nor the treatment strategy has a significant effect on long-term mortality (17,18).
In a study by Jeloka et al., long-term survival was compared between patients with coronary artery disease before kidney transplantation, who were considered to be high-risk, and those without, who were considered to be low-risk. In patients with coronary artery disease, the frequency of new coronary events requiring post-transplant intervention was significantly higher, and long-term survival was significantly lower than in the low-risk group. (2). Furthermore, Jones et al. examined long-term survival in patients with ESRD who underwent coronary angiography before transplantation. Unlike in our study, long-term survival in their patients with single-vessel or multivessel disease was found to be significantly lower than in non-critical patients. However, in multivariate analysis, the only multivessel disease was an independent predictor of long-term survival. (19) There may be several reasons why critical coronary artery disease did not predict mortality in our study. First, the study endpoint was all-cause death. Many other factors can also cause death in RT recipients in the long term. If only major adverse cardiovascular events were examined, coronary artery disease could be a predictor. Second, the presence and extent of coronary artery disease were well balanced in both study groups, so they could not predict mortality.
As expected, one of the independent predictors of long-term mortality was age, which is compatible with the findings of other studies.(6,12,20) Another independent predictor in our study was hyperlipidemia. There are conflicting data regarding the effect of hyperlipidemia on mortality in RT recipients. Jardine et al. found a significant relationship between a high cholesterol level and post-transplant cardiac death in univariate analysis but not in multivariate analysis. (21) In another large study of 1652 patients who underwent RT, long-term survival was examined in those who received lipid-lowering treatment. A significant decrease in the frequency of major adverse cardiovascular events (death, nonfatal myocardial infarction, and need for coronary intervention) was found in the low-density lipoprotein cholesterol group, but the all-cause mortality rate was similar to that in the placebo group. (22)
This study had several limitations, the main ones being its single-center retrospective design and relatively small sample size. However, these shortcomings were, to some extent, offset by our long follow-up duration.
In conclusion, this study found that that the prevalence and severity of pre-transplant coronary artery disease were similar between the patients who received pre-emptive RT and those who did not and that critical coronary artery disease did not predict long-term mortality. Furthermore, it found that  preemptive approach  had no significant effect on long-term mortality in RT recipients with diabetes
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