
Induction immunosuppression agents as risk factors for incident 
cardiovascular events and mortality after kidney transplantation

Shaifali Sandal#1, Sunjae Bae#2,3, Mara McAdams-DeMarco2,3, Allan B. Massie2,3, Krista L. 
Lentine4, Marcelo Cantarovich1, and Dorry L. Segev2,3

1Department of Medicine, Divisions of Nephrology and Multi-Organ Transplant Program, McGill 
University Health Centre, Montreal, QC

2Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, 
USA

3Department of Surgery, Johns Hopkins University School of Medicine, Baltimore, MD, USA

4Center for Abdominal Transplantation, Saint Louis University School of Medicine, St. Louis, MO, 
USA

# These authors contributed equally to this work.

Abstract

Low T-cell counts and acute rejection are associated with increased cardiovascular events (CVE), 

and T cell depleting agents decrease both T cell counts and acute rejection rates. Thus, we aimed 

to characterize risk of CVE by induction agent used in kidney transplant recipients. We conducted 

a secondary data analysis of those with Medicare as their primary insurance from 1999–2010. 

Outcomes of interest were incident CVE, all-cause mortality, CVE-related mortality, and a 

composite outcome of mortality and CVE. Of 47,258 recipients, 29.3% received IL-2 receptor 

antagonist (IL-2RA), 33.3% received anti-thymocyte globulin (ATG), 7.3% received 

alemtuzumab, and 30.0% received no induction. Compared with IL-2RA, there was no difference 

in the risk of CVE in the ATG [aHR=0.98, 95% CI: 0.92–1.05] and alemtuzumab group 

[aHR=1.01, 95% CI: 0.89–1.16], but slightly higher in the no induction group [aHR=1.06, 95% 

CI: 1.00–1.14]. Acute rejection did not modify this association in the latter group but did increase 

CVE by 46% in the alemtuzumab group. There was no difference in the hazard of all-cause or 

CVE-related mortality. Only in the ATG group, 7% lower hazard of the composite outcome of 

mortality and CVE was noted. Induction agents are not associated with incident CVE; although 

prospective trials are needed to determine a personalized approach to prevention.

Introduction

Cardiovascular events (CVE) are among the leading causes of mortality in kidney transplant 

(KT) recipients.1–9 The annual rate of fatal or nonfatal CVE is 3.5–5.0%, and this rate is 50-
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fold higher than that in the general population.7 Despite this high disease burden, little is 

known regarding prevention of CVE in KT recipients. Clinical recommendations are often 

extrapolated from studies conducted in patients with chronic kidney disease or from the 

general population. However, there is growing evidence that conventional cardio-protective 

therapies might be ineffective in KT recipients.10–12 Hence, there is a need to better 

understand the risk factors associated with CVE in this specific population and to develop 

therapeutics tailored to prevent and treat these events.

Induction immunosuppressive agents are commonly used during KT. Induction agents can 

be lymphocyte depleting, such as anti-thymocyte globulin (ATG) and alemtuzumab (AZM), 

or can prevent lymphocyte activation and replication, such as IL-2 receptor antagonist 

(IL-2RA). T cell depleting agents are associated with lower incidence and severity of acute 

rejection.13–19. Acute rejection post-KT is a risk factor for CVE.20–22 Thus, intuitively one 

would assume that use of T cell depleting agents as an induction therapy would be 

associated with lower rates of CVE. On the other hand, B and T-cells and their subsets are 

important determinants of cardiovascular health.23–28 T lymphocytes play critical roles in 

the development of angiotensin II, deoxycorticosterone salt-sensitive and Dahl salt-sensitive 

hypertension, and in the progression of vascular remodeling and atherosclerosis.26,27 In 

patients with HIV, low CD4 counts are reported to be an independent risk factor for incident 

CVE.25 Thus, it would seem depleting T cells would be a risk factor for CVE. Indeed, a 

single center study and an older registry analysis in KT recipients reported that use of ATG, 

when compared with no induction or IL-2RA, is a risk factor for CVE and mortality.27,29,30 

The authors suggested that the evaluation of cardiovascular risk should contribute to the 

decision on which induction agent to use.27

Given this conflicting evidence and the high burden of CVE among KT recipients, we 

sought to address this knowledge gap using a national registry and Medicare claims data. 

The objectives of this study were to characterize the risk of CVE and mortality in the KT 

recipient population according to induction agent used during transplantation, and whether 

induction agents are indeed a modifiable risk factor for CVE in KT recipients.

Methods

Study population

Using the United States Renal Data System, we studied first-time adult KT recipients 

between January 1, 1999 and December 31, 2010 who had no previous CVE events and used 

Medicare as their primary insurance. This was a secondary data analysis of a national, 

mandated prospective registry of KT recipients. Among 162,998 KT recipients in the study 

period, we only included 86,649 who had Medicare as primary insurance for at least 365 

days prior to KT and had no CVE-related claim in this time period. We excluded KT 

recipients aged <18 years (n=3914), those without complete immunosuppression records 

(n=1,374), those who received more than one type of induction agent prior to discharge 

(n=3,862), those with previous CVE events as captured from Medicare claims during the 

365 days prior to KT (n=29,351), and those with any previous solid organ transplant 

(n=890). Our final study population included 47,258 KT recipients. Recipients were 
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followed until one of the following events, whichever occurred first: death, CVE, end of 

Medicare Primary coverage, or end of follow-up (12/31/2011).

Cardiovascular events

The main outcome of interest was incident CVE and based on outcomes reported in previous 

literature was defined as one of the following:27,31–41 myocardial infarction, cardiac 

catheterization, coronary artery bypass grafting, congestive heart failure, atrial fibrillation, 

stroke, transient ischemic attack, venous thromboembolism, amputation, and peripheral 

arterial disease and revascularization (angioplasty, atherectomy, endarterectomy, or arterial 

bypass). These events were ascertained through Medicare inpatient claims as recorded in the 

United States Renal Data System using a list of International Classification of Diseases, 

Ninth Revision, Clinical Modification (ICD-9-CM) and the Current Procedural Terminology 

(CPT) codes, and as performed in prior studies of CVE epidemiology in this population.
42–46 We employed externally validated ICD-9 and CPT codes that have been reported to be 

a sensitive measure of CVE after KT.42 We also studied the following outcomes: (1) a 

composite outcome of CVE and all-cause mortality, (2) all-cause mortality, and (3) mortality 

due to CVE. Date and cause of death were collected from multiple sources, including Center 

for Medicare and Medicaid Service Death Notification, Organ Procurement and Transplant 

Network follow-up form, and Social Security Death Master File.

Statistical analysis

Cumulative incidence of CVE was estimated using the Kaplan-Meier method. The hazards 

of CVE were compared by induction agents using a Cox proportional hazard model. To 

account for the variations between transplant centers, we used the shared frailty approach, 

which is analogous to including random-intercept terms in mixed-effects models.47 We 

adjusted for recipient factors: age, race, gender, panel reaction antibody, body mass index, 

cause of end stage renal disease, time on dialysis, hepatitis C virus status, education level, 

panel reactive antibody level, maintenance regimen at discharge; donor factors: age, race, 

gender, living vs. deceased, donation after cardiac death, expanded criteria donor, creatinine, 

hepatitis C virus status; and transplant factors: calendar year of transplant, cold ischemic 

time, HLA mismatch, regionally shared organ, ABO compatibility. IL-2RA was used as the 

reference group as the 2009 Kidney Disease: Improving Global Outcomes clinical practice 

guidelines recommends that it be the first-line induction agent.48 However, we did perform a 

pairwise comparison between each induction agent to ensure our results were not drastically 

different. The hazards of the mortality outcomes were compared using shared-frailty Cox 

models, adjusting for the same set of variables used in the CVE model. Missing values were 

handled by missingness indicators. All analyses were performed using Stata 14.0/MP for 

Linux (College Station, Texas).

Effect heterogeneity and sensitivity analysis

We conducted interaction term analyses to examine whether the association of induction 

agent and CVE was modified by the following variables: recipient gender, race, age (<65 

years versus ≥ 65), donor type (living versus deceased donor), use of steroid maintenance at 

discharge, and acute rejection. In other words, we examined if the association between 

induction agent and CVE was heterogeneous in any subset of the population. Younger 
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(age<65) KT recipients lose Medicare primary coverage at 3 years after KT. To examine if 

our estimates were biased by the difference in the length of follow up between age groups, 

we conducted a sensitivity analysis for primary outcome in which all recipients were 

censored at 3 years after KT.

Results

Study population

Among 47,258 KT recipients included in our study, 29.3% received IL-2RA, 33.3% received 

ATG, 7.3% received AZM, and 30.0% received no induction. Use of ATG and AZM has 

consistently increased, while use of IL-2 RA and no induction has steadily declined in the 

last decade (Figure 1). Recipient age, gender, race, body mass index, cause of end stage 

renal disease, and cold ischemia time were similar in all four groups. Donor age, gender, 

race and creatinine were also similar. However, recipients with traditional risk factors for 

rejection were more likely to receive lymphocyte-depleting agents. For instance, the ATG 

and AZM groups had a higher percentage of recipients who received kidneys from expanded 

criteria donors, higher peak panel reactive antibody level, longer time on dialysis, and fewer 

zero HLA mismatches. In terms of maintenance immunosuppression, tacrolimus was used 

more frequently in the ATG and AZM groups (82.2% and 92.0%) compared to the IL-2RA 

and no induction groups (64.3% and 64.6%). Only 22.7% of those who received AZM 

induction were on steroid maintenance when compared with 68.5% who received ATG, 

89.6% who received IL-2RA, and 87.8% who received no induction. The median follow-up 

for the composite outcome analysis was 3.05 years. (Table 1)

Incidence rates

Overall, there were 7,659 incident CVE, and 9,148 deaths, of which 1,346 were attributed to 

cardiovascular causes. The crude incidence rate for CVE was 41 per 1,000 person-years, for 

all-cause mortality was 34 per 1,000 person-years, and for CVE-related mortality was 5 per 

1,000 person-years. Congestive heart failure, deep venous thrombosis, and atrial fibrillation 

were the three most common CVEs (congestive heart failure: 4181, venous 

thromboembolism: 2252, atrial fibrillation: 1758, myocardial infarction: 1377, cardiac 

catheterization: 1261, stroke: 1208, transient ischemic attack: 623, peripheral vascular 

disease: 512, amputation: 502, coronary artery bypass grafting: 270 incident events). When 

categorized by induction therapy, those who received AZM had the lowest rate of CVE (36 

per 1,000 person-years), all-cause mortality (28 per 1,000 person-years) and CVE-related 

mortality (4 per 1,000 person-years). In those who received IL-2RA, ATG and no induction, 

the incidence rates for CVE were 42, 43 and 39 per 1,000 person-years, all-cause mortality 

was 36, 31 and 35 per 1,000 person-years, and CVE-related mortality was 5, 4 and 5 per 

1,000 person-years, respectively. When analyzing each induction agent, congestive heart 

failure, deep venous thrombosis, and atrial fibrillation were the most common CVEs in all 

four groups. However, the crude incidence ratio of myocardial infarction, cardiac 

catheterization and coronary artery bypass grafting was lower in the AZM group compared 

with other groups. (Table 2)
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Cardiovascular events

The incidence of CVE was similar across the induction groups: 10-year Kaplan-Meier 

cumulative incidences were 29.2%, 26.9%, 14.1%, 26.4% in the IL-2RA, ATG, AZM and no 

induction groups, respectively (Figure 2). The incidence of CVE for the median time 

observed in our cohort, i.e. 3-year, was also similar; Kaplan-Meier cumulative incidences 

were 14.0%, 13.5%, 10.5%, 14.8% in the IL-2RA, ATG, AZM and no induction groups 

respectively. Compared to those who received IL-2RA, there was no difference in the 

adjusted hazard ratio (aHR) of CVE in the ATG [aHR=0.98, 95% confidence interval (CI): 

0.92–1.05, p=0.5] and AZM group [aHR=1.01, 95% CI: 0.89–1.16, p=0.8]. The risk of CVE 

was higher in the no induction groups, although this did not reach statistical significance 

[aHR=1.06, 95% CI: 1.00–1.14, p=0.054]. (Table 3) In our pairwise comparisons, the aHR 

ratios for CVE are as follows: ATG vs. no induction aHR = 0.92 (0.86 – 0.98), AZM vs no 

induction aHR = 0.95 (0.83 – 1.09), and AZM vs ATG aHR = 1.04 (0.91 – 1.18).

Mortality outcomes

Compared to those who received IL-2RA, no difference in the hazard of all-cause or CVE-

related mortality was noted in the ATG, AZM or no-induction groups. However, the hazard 

of the composite outcomes of mortality and CVE was lower among those who received ATG 

[aHR=0.93, 95% CI: 0.88–0.99, p=0.02]. There was no significant difference in the hazard 

of the composite outcome in the AZM group [aHR=0.91, 95% CI: 0.81–1.01, p=0.1] or no 

induction group [aHR=1.02, 95% CI: 0.97–1.08, p=0.5]. (Table 3)

Effect heterogeneity

The association between ATG and CVE was modified by gender and recipient diabetes 

status. ATG was associated with a lower hazard of CVE among males [aHR=0.92; 95% CI: 

0.85–1.00] but not among females [aHR=1.08, 95% CI: 0.98–1.19, p for interaction=0.01]. 

Similarly, ATG was associated with a lower hazard of CVE among recipients without 

diabetes [aHR=0.89, 95% CI: 0.81–0.98] but not among those with diabetes [aHR=1.04, 

95% CI: 0.96–1.13, p-for interaction=0.01]. This effect modification was not seen in the 

AZM or no induction groups. Recipient age and race, and donor type, and steroid 

maintenance at discharge did not significantly modify the association between induction 

agents and CVE. Interestingly, acute rejection did not modify the association between no 

induction and CVE [aHR=0.97, 95% CI: 0.83–1.14, p-for interaction=0.2], and ATG and 

CVE [aHR=1.04, 95% CI: 0.88–1.22 p-for interaction=0.6]. However, the association 

between AZM and CVE was significantly modified by recipients experiencing acute 

rejection. [aHR=1.46, 95% CI: 1.12–1.92 p-for interaction=0.005] (Table 4)

Sensitivity analysis

We found similar results from our sensitivity analysis in which all recipients were censored 

at 3 years post-transplant. Compared to those who received IL-2RA, there was no difference 

in the hazard of CVE in the ATG [aHR=0.96, 95% CI: 0.90–1.03, p=0.3] and AZM group 

[aHR=1.03, 95% CI: 0.90–1.17, p=0.7]. However, in the no induction group a higher hazard 

of CVE was noted [aHR=1.08, 95% CI: 1.01–1.16, p=0.02].
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Discussion

In this national study of 47,258 KT recipients in the U.S., lymphocyte-depleting induction 

agents, when compared with IL-2RA, were not associated with higher risk of CVE, all-cause 

mortality or CVE-related mortality. ATG was associated with 7% lower risk of the 

composite outcomes of mortality and CVE. In fact, administering no induction was 

associated with a higher risk of CVE. This association was not modified in recipients who 

had acute rejection in the first year post-KT. In our subgroup analyses, ATG was associated 

with 8% lower hazard of CVE among male recipients and 11% lower hazard among 

recipients without diabetes. However, AZM use was associated with a 46% higher hazard of 

CVE amongst those recipients who experienced acute rejection. Overall, our findings 

suggest that lymphocyte-depleting induction immunosuppression agents are not associated 

with high risk of CVE in KT recipients. However, this association may vary by recipient 

gender, diabetes status, and acute rejection.

Our results are in contrast to an older registry study conducted by Meier-Kriesche and 

colleagues that examined KT recipients between 1988 and 1997.30 In primary KT recipients, 

those who received lymphocyte-depleting agents had higher early deaths due to 

cardiovascular causes, when compared with those who did not receive antibody induction 

therapy. However these results are not applicable to the current era, as lymphocyte-depleting 

agents in use are different.49 Also, the mean age of donors (34) and recipients (43) was 

much younger than the current KT donor and recipient populations. The demographics of 

recipient and donor populations have changed substantially over the past two decades with 

efforts to maximize the use of kidneys from older donors and to expand the candidacy for 

KT among older end stage renal disease patients.50 Lastly, it is unclear how the authors 

defined “cardiovascular death”. Another retrospective single-center study of 302 KT 

recipients reported that ATG use was an independent risk factor for CVE.27 Compared to 

this single-center study, we believe our national study of over 47,000 KT recipients has 

greater external validity. Also, this center had several changes in clinical practices over 

different eras (ATG was used in all patients until 1998, from 1998 to 2005 only given to 

those under the age of 59, and from 2005 onwards only to those with second transplants and 

those with higher panel reactive antibody) potentially introducing a selection bias.

Some of our other findings merit further discussion, in particular the increased risk of CVE 

in those who receive no induction. We initially thought that the no induction group may have 

experienced more rejection rates and since acute rejection is a risk factor for CVE, this could 

explain our findings.20–22 Alas, we report acute rejection did not modify this association. 

Thus, we speculate increased CVE in the no induction group could be due to other factors 

such as higher long-term doses of maintenance immunosuppression, or residual confounding 

factors such as center level practices or patient level characteristics such as frailty. Instead 

we report that acute rejection was associated with more CVE in the AZM group. In a 

recently published 1:1 matched-cohort study, when compared with ATG, patients who 

received AZM had higher odds of acute rejection by 1 year.18 Acute rejection leads to 

augmented immunosuppression and acute kidney injury, both of which can increase the risk 

of CVE; but why it would modify the association of CVE only in the AZM group is not 

known. We hypothesize that this could be related to other factors such as cytomegalovirus 
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(CMV). Increased incidence of CMV disease has been reported in AZM treated recipients 

by a Cochrane systematic review.19 Both CMV exposure and post-KT CMV replication 

contribute to the increased risk of cardiovascular disease in transplant recipients.51 Even the 

above mentioned study by Ducloux and colleagues did report that the effect of ATG was 

restricted to the CMV-exposed patients.27 However, more granular data and center level 

studies are needed to test for our finding; in particular if the characteristics and severity of 

acute rejection is different in those patients who receive AZM. We also report that in non-

diabetic patients and in men, lower incidence of CVE was noted with ATG. Gender variation 

in risk factor association with CVE and mortality has been previously reported.2,52 Sex and 

gender consideration in health outcomes of KT recipients is an active area of research and 

immunologic factors alone likely do not explain these variations.53 Lastly, diabetes is a well-

known risk factor of CVE2,6,8 but why it would modify the effect on CVE only in the ATG 

group is not known.

Our analysis continues to report the significant and sobering higher incidence of CVE and 

mortality in the KT recipient population. The crude incidence rate for CVE was 41 per 1,000 

person-years, all-cause mortality was 34 per 1,000 person-years. This is much higher than 

the current reported incidence rates in several different populations.54–57 A Canadian study 

of about 5,000 KT recipients reported a composite outcome of death and major 

cardiovascular events as 3.2 events per 100 person-years.56 This was much higher than a 

comparator group that included the general population and those with chronic kidney 

disease; 0.89 events per 100 person-years. Using data from the first National Health and 

Nutrition Examination Survey Epidemiologic Follow-up Study, between 1982–1992, the 

cardiovascular disease incidence rates was 225 per 10,000 person-years.57 Several primary 

and secondary prevention measures in the general population have led to a temporal decline 

in cardiovascular disease and mortality.57,58 This is unlikely to occur in the KT recipient 

population, as mean recipient age at transplantation is rising, there is a high prevalence of 

cardiovascular disease with age in this population, and conventional therapeutic strategies 

are often ineffective.10–12,59 We also note that congestive heart failure, and not ischemic 

heart disease, is the most common cause of CVE after KT, with a crude incidence of 21.23 

events per 1000 person-years. A previous study has reported a higher incidence of de-novo 

heart failure but a similar incidence of de-novo ischemic heart disease among KT recipients 

when compared to the population-based cohorts from Framingham and Minnesota.60 Using 

United States Renal Data System records for 67,591 KT candidates, another study reported 

an increased early risk of heart failure.61 KT is a thought to be a state of “accelerated heart 

failure” more than a state of “accelerated atherosclerosis”.60 Our results support this 

statement.

Important strengths of our study include that we ascertained inpatient diagnoses for ten 

different CVE, as well as mortality, and that our analysis included over 47,000 patients. 

CVE is often an umbrella-term that encompasses several different cardiovascular outcomes. 

A previous review to evaluate the heterogeneity and validity of composite end points, major 

adverse cardiac events noted a substantial heterogeneity in the study-specific individual 

outcomes used to define this term.62 Most studies have used fatal or nonfatal acute 

myocardial infarction, coronary revascularization, and mortality to define CVE; however, 

some have added cerebrovascular events, congestive heart failure and severe peripheral 
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vascular disease.27,31–41 We provide a composite of these outcomes and report incidence 

rates for each. Also, the validity of our analysis rests on reliable capturing of the CVE using 

ICD-9 and CPT codes. We employed externally validated ICD-9 and CPT codes that are 

sensitive measures of CVE after KT.42

Our study also has limitations. The registry data source does not include all characteristics 

related to cardiovascular health, leaving the possibility of unmeasured confounding. This 

includes prolonged lymphopenia. However, in most patients lymphocyte count reconstitution 

of 500 cells/mm3 occurs by day 90,63,64 and recipient age is one of the most important 

predictors of T cell profile and lymphocyte reconstitution.65,66 We aimed to minimize the 

impact of the unmeasured confounding by building extensive multi-variable models that 

include all potential confounders available in this national registry. Also, we restricted our 

analysis to recipients who used Medicare as their primary insurance from at least 365 days 

before the date of transplant; although this might affect generalizability, Medicare-primary 

recipients comprise half of the entire KT population in the United States and have 

historically been considered representative.67–71

In conclusion, our findings suggest that lymphocyte-depleting induction agents are not 

associated with a higher risk of CVE in KT recipients. However, in a certain subset of 

patients ATG use is associated with lower CVE and in those who develop acute rejection 

AZM use is associated with higher CVE. Prospective trials are needed to assess these in 

recipients with different cardiac and immunologic risk profiles and to determine an optimal 

and personalized approach to preventing CVE post-transplantation.
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Figure 1: 
Temporal pattern and use of induction agents in first time kidney transplantation recipients 

from 1999 −2010 with Medicare as their primary insurance
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Figure 2: 
Kaplan-Meier cumulative incidence of cardiovascular events by induction agent following 

kidney transplantation.
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Table 1:

Baseline Characteristics

IL-2RA (n=13,864) ATG (n=15,756) AZM (n=3,438) No induction (n=14,200)

Recipient factors

Age (Years) 49.0 (38.0, 58.0) 49.0 (39.0, 58.0) 50.0 (40.0, 59.0) 48.0 (37.0, 57.0)

Female sex 37.4% 43.2% 40.1% 38.6%

BMI (kg/m2) 26.3 (23.1, 30.2) 27.0 (23.6, 31.1) 27.4 (23.8, 31.6) 26.2 (23.0, 30.2)

Race/Ethnicity

 White 47.1% 43.7% 48.7% 47.3%

 African American 24.5% 32.8% 31.0% 28.0%

 Hispanic/Latino 18.5% 15.2% 14.6% 17.0%

 Other/multi-racial 9.9% 8.3% 5.7% 7.7%

Attended college 37.4% 37.4% 43.0% 34.4%

Preemptive transplant 14.3% 13.8% 19.7% 17.7%

Years on dialysis 2.5 (1.0, 4.6) 3.0 (1.2, 5.0) 2.6 (0.5, 4.9) 2.3 (0.5, 4.3)

Cause of ESRD

 GN 26.3% 24.5% 22.8% 24.6%

 DM 20.9% 21.5% 23.3% 19.3%

 HTN 18.8% 22.1% 23.5% 21.0%

 Others 34.0% 31.8% 30.4% 35.1%

HCV(+) 4.8% 5.0% 3.3% 5.3%

Peak PRA 0.0 (0.0, 8.0) 2.0 (0.0, 22.0) 3.0 (0.0, 19.0) 0.0 (0.0, 10.0)

Zero HLA mismatch 11.6% 8.3% 8.3% 12.6%

ABO incompatible 0.3% 0.6% 0.6% 0.4%

Cold ischemia time (Hr) 13.0 (3.0, 20.9) 14.0 (6.0, 21.0) 15.0 (2.0, 22.1) 14.0 (2.6, 21.0)

Maintenance Immunosuppression

Steroid maintenance 89.6% 68.5% 22.7% 87.8%

Cyclosporine 29.7% 12.9% 3.3% 30.1%

Tacrolimus 64.3% 82.2% 92.0% 64.6%

MMF 88.5% 88.9% 83.4% 80.8%

mTOR 9.1% 8.7% 1.5% 9.5%

Azathioprine 1.8% 1.6% 0.2% 2.2%

Donor factors

Age (Years) 39.0 (26.0, 50.0) 41.0 (26.0, 51.0) 42.0 (29.0, 52.0) 39.0 (26.0, 49.0)

Female sex 46.7% 46.0% 47.8% 46.0%

Race/Ethnicity

 White 65.5% 67.8% 68.3% 66.6%

 African American 12.3% 14.6% 15.5% 13.5%

 Hispanic/Latino 17.1% 13.7% 13.0% 15.9%

 Other/multi-racial 5.2% 3.9% 3.2% 4.0%
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IL-2RA (n=13,864) ATG (n=15,756) AZM (n=3,438) No induction (n=14,200)

Deceased donor 64.6% 72.8% 63.2% 63.9%

Among deceased donors:

Serum Creatinine (mg/dL) 0.9 (0.7, 1.2) 1.0 (0.7, 1.3) 1.0 (0.7, 1.3) 1.0 (0.7, 1.2)

DCD 3.8% 7.8% 9.0% 3.5%

ECD 9.9% 13.2% 14.6% 9.9%

AZM: alemtuzumab, ATG: anti-thymocyte globulin, DM: Diabetes mellitus, DCD: Donation after cardiac death, ECD: expanded criteria donor, 
ESRD: end stage renal disease, GN: glomerulonephritis, HCV: hepatitis C virus, HTN: Hypertension, IL-2RA: IL-2 receptor antagonist, mTOR: 
mammalian target of rapamycin, MMF: mycophenolate mofetil, PRA: panel reactive assay
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Table 3:

Adjusted hazard of cardiovascular events and mortality by induction agent

IL-2RA ATG AZM None

CVE Ref 0.98 (0.92–1.05) 1.01 (0.89–1.16) 1.06 (1.00–1.14)

Composite of mortality and CVE Ref 0.93 (0.88–0.99) 0.91 (0.81–1.01) 1.02 (0.97–1.08)

All-cause mortality Ref 0.94 (0.88–1.00) 0.96 (0.85–1.10) 1.01 (0.95–1.06)

CVE-related mortality Ref 0.95 (0.81–1.12) 0.99 (0.70–1.38) 1.03 (0.89–1.18)

AZM: alemtuzumab, ATG: anti-thymocyte globulin, CVE: cardiovascular events, IL-2RA: IL-2 receptor antagonist

Am J Transplant. Author manuscript; available in PMC 2020 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sandal et al. Page 19

Table 4:

Adjusted hazard of cardiovascular events by induction agent, stratified by gender, race, donor source, age, 

diabetes mellitus, steroid maintenance and acute rejection

ATG AZM No induction

aHR (95% CI) p value for 
interaction aHR (95% CI) p value for 

interaction aHR(95% CI) P value for 
interaction

Gender

 Male 0.92 (0.85–1.00) 0.01 0.99 (0.84–1.16) 0.5 1.03 (0.96–1.12) 0.2

 Female 1.08 (0.98–1.19) 1.06 (0.88–1.29) 1.12 (1.02–1.24)

Race

 Non-AA 0.99 (0.91–1.07) 0.7 0.99 (0.85–1.17) 0.6 1.04 (0.97–1.12) 0.3

 AA 0.97 (0.87–1.08) 1.06 (0.87–1.29) 1.12 (1.00–1.24)

Donor type

 LD 0.94 (0.80–1.10) 0.5 0.85 (0.63–1.14) 0.2 1.00 (0.88–1.14) 0.3

 DD 0.99 (0.92–1.06) 1.05 (0.91–1.21) 1.08 (1.01–1.16)

Age

 Age<65 0.97 (0.90–1.05) 0.8 1.03 (0.89–1.19) 0.7 1.06 (0.99–1.14) 0.8

 Age ≥ 65 0.99 (0.88–1.12) 0.98 (0.77–1.23) 1.08 (0.96–1.21)

Diabetes

 Yes 1.04 (0.96–1.13) 0.01 1.04 (0.87–1.23) 0.8 1.07 (0.99–1.15) 0.8

 No 0.89 (0.81–0.98) 1.00 (0.84–1.20) 1.08 (0.98–1.19)

Steroid maintenance

 Yes 1.00 (0.93–1.07) 0.1 1.07 (0.87–1.32) 0.3 1.07 (1.00–1.14) 0.7

 No 0.86 (0.72–1.03) 0.92 (0.75–1.13) 1.03 (0.84–1.26)

One-year acute Rejection

 Yes 1.04 (0.88–1.22) 0.6 1.46 (1.12–1.92) 0.005 0.97 (0.83–1.14) 0.2

 No 0.99 (0.92–1.06) 0.97 (0.84–1.12) 1.08 (1.01–1.16)

AA: African American, AZM: alemtuzumab, ATG: anti-thymocyte globulin, CI: confidence interval, CVE: cardiovascular events, DD: deceased 
donor, IL-2RA: IL-2 receptor antagonist, LD: living donor
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