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Abstract

BACKGROUND—Cardiac allograft vasculopathy (CAV) is a major cause of mortality after
cardiac transplantation. High-density lipoprotein (HDL) cholesterol efflux capacity (CEC) is
inversely associated with coronary artery disease. In 2 independent studies, we tested the
hypothesis that reduced CEC is associated with mortality and disease progression in CAV.

METHODS—We tested the relationship between CEC and survival in a cohort of patients with
CAV (n=35). Multivariable Cox proportional hazard models demonstrated that higher levels of
CEC were associated with improved survival (hazard ratio 0.26, 95% confidence interval 0.11 to
0.63) per standard deviation CEC, p=0.002). To determine whether reduced CEC is associated
with CAV progression, we utilized samples from the Clinical Trials in Organ Transplantation 05
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(CTOTO5) study to determine the association between CEC and CAV progression and status at 1
year (n=81), as assessed by average change in maximal intimal thickness (MIT) on intravascular
ultrasound.

RESULTS—Patients who developed CAV had reduced CEC at baseline and 1-year post-
transplant. We observed a significant association between pre-transplant CEC and the average
change in MIT, particularly among patients who developed CAV at 1 year (B = —-0.59, p= 0.02, /2

=0.35).

CONCLUSION—Reduced CEC is associated with disease progression and mortality in CAV
patients. These findings suggest the hypothesis that interventions to increase CEC may be useful in
cardiac transplant patients for prevention or treatment of CAV.

Keywords

cardiac allograft vasculopathy; cholesterol efflux capacity; high-density lipoprotein; survival;
transplantation

Methods

Despite advances in therapies for end-stage heart failure, cardiac transplantation offers the
best long-term survival for selected patients.12 Although immunosuppressive therapies have
improved survival post-transplant by decreasing acute rejection, cardiac allograft
vasculopathy (CAV), a form of chronic rejection, remains a major cause of post-transplant
mortality.

Several murine models have shown that pharmacologically or genetically raising
apolipoprotein A-I (apoA-1), the main protein constituent of high-density lipoprotein (HDL),
attenuates arteriosclerosis and chronic rejection of the cardiac allograft.34 Adenosine
triphosphate (ATP)-binding cassette transporter (ABCAL1) mediates cholesterol efflux to
apoA-I, forming nascent HDL particles.> Although the causal relationship of high-density
lipoprotein cholesterol (HDL-C) mass to atherosclerotic cardiovascular disease has come
into question,6-9 the importance of HDL cholesterol efflux capacity (CEC) is increasingly
recognized.10 Our group and others have demonstrated an inverse association between CEC
and coronary disease.11:12 |n the transplant population, 2 studies have demonstrated that the
CEC was impaired compared with healthy controls with native hearts.1314 Based on the
available animal and human data, we hypothesized that increased CEC is protective and thus
would be associated with improved survival and decreased CAV in cardiac transplant
recipients.

Study population

We utilized a cohort of patients recruited from our cardiac catheterization lab to test our
initial hypothesis that CEC is related to survival in cardiac transplant recipients with CAV.
We performed a second, independent study using samples from the Clinical Trials in Organ
Transplantation 05 (CTOTO5) study® to test the hypothesis that decreased pre-transplant
CEC is associated with CAV progression (see Figure 1 for flowchart detailing study
designs).
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At our center, we have an ongoing observational study®:17 in which patients are enrolled
from the cardiac catheterization laboratory with banking of blood samples for later analysis.
From this cohort we identified every transplant patient who had a banked sample between
January 2009 and December 2012 and confirmed CAV status by blinded review of
angiography by an interventional cardiologist (S.L.). Although patients with early CAV were
not intentionally excluded, we did not identify any patients with early-stage or suspected
CAV with this methodology, which is unsurprising given the low yield of angiography for
capturing patients with CAV.18 CAV severity was adjudicated based on standard definitions
as follows of moderate (International Society for Heart and Lung Transplantation [ISHLT]
CAV?2) or severe (ISHLT CAV3) vasculopathy (=50% left main or 270% obstruction of at
least 1 coronary vessel). Cyclosporine and tacrolimus levels were measured on the date of
catheterization, and glomerular filtration rate (GFR) was calculated by the GFR EPI
formula. Other clinical variables were evaluated by chart review at the time of study
enroliment.

CTOTO5 cohort

CTOTO05 was a multicenter, observational study of 200 recipients of first cardiac allografts
followed for 1 year (principal investigator: P. Heeger). The study design and results were
recently reported.1® To determine the relationship between CEC and CAV progression, we
measured CEC before transplant and 1 year post-transplant in subjects in whom paired
intravenous ultrasound (IVUS) data and blood samples were available (7= 81). CAV was
adjudicated by IVUS performed at baseline and 1 year post-transplant with measurement of
the maximal intimal thickness (MIT) and total atheroma volume (TAV) for each patient.
Briefly, for each coronary artery segment, the site of MIT was identified at baseline and 1
year of the study to yield a pair of measurements. The maximal change in MIT within each
segment (1 year minus the baseline) was calculated for each patient. CAV was identified
when at least 1 site demonstrated an increase of >0.5 mm in MIT from baseline to 1-year
measurement.

Cholesterol efflux assays

Subjects were fasting at the time of cardiac catheterization. Informed consent was obtained
from each patient and both studies were approved by the institutional review board of the
University of Pennsylvania. Subject samples were thawed for determination of CEC, serum
lipids and apolipoproteins from the same sample. Our CEC assay has been reported
previously, and has a coefficient of variation of <5%.11:19 Briefly, 250,000 murine J774
macrophages were plated and allowed to attach for 6 hours before being radiolabeled for 16
hours with 2 pCi of 3H-cholesterol per milliliter. Cells were then treated with 0.3 mmol/liter
8-(4-chlorophenylthio)-cyclic AMP for 4 hours to up-regulate ABCAL. For the CTOTO05,
CEC assays were performed in the same manner, but additional assays were performed with
probucol to inhibit ABCAL. Subsequently, efflux media containing 1.0% apolipoprotein B—
depleted serum were added for 2 hours. Radioactivity in the media and remaining
radioactivity in the cells after extraction were determined. CEC was calculated by dividing
the counts in the media by total counts in the media and the cells. Assays were normalized
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by dividing the CEC of each individual patient by the CEC of a serum pool (or plasma for
CTOTO05 samples) run with each plate. Thus, CEC is expressed as a unitless ratio with 1.0
representing CEC equal to a pool of healthy controls, with values <1.0 representing lower-
than-average CEC. The normalization of CEC to a pool of healthy controls allows
comparisons to be made across assays.11

Statistical analysis

Results

Categorical variables are presented as frequency and percent, and continuous variables as
mean and standard deviation. To assess the association between CEC and survival, Cox
proportional hazard models were constructed and adjusted for HDL-C,12 as well as baseline
clinical variables with p< 0.2 (listed in Table 1). Variables with biologic plausibility, such as
medications, were also added back to the final model to test residual confounding. Survival
time in Cox models was time to death or last available follow-up from study entry (the date
the lab sample was obtained). Proportional hazard assumptions were verified. Among the
CTOTO05 sample, patient characteristics were compared between the CAV and no-CAV
groups using the chi-square test or Fisher’s exact test for categorical variables and Student’s
2-sample ttest for continuous variables, and logistic regression models were constructed to
examine factors associated with CAV. Linear regression analysis was used to assess the
association between baseline CEC and IVUS progression of CAV as measured by the
changes in MIT and TAV from baseline to 1 year. Assumptions of linearity were verified via
kernel density and predicted-vs-residual plots. Baseline MIT and TAV values were log10-
transformed due to violations of normality. All tests were 2-sided with p < 0.05 considered
statistically significant. Analyses were performed using statistical software (STATA, version
13.1; StataCorp LP, College Station, TX).

Cholesterol efflux capacity and survival in CAV patients

We identified 35 patients at our center with CAV. Table 1 provides clinical and demographic
characteristics, including hazard ratio (HR) and 95% confidence interval (Cl), derived from
univariate Cox survival analysis. Mean length of follow-up from study entry among CAV
patients was 931 + 97 days for survivors and 630 = 131 days for non-survivors. Of these 35
patients, 22 were treated with tacrolimus and 13 were treated long term with cyclosporine (p
=0.27).

Mean CEC was significantly lower in patients with CAV who died compared with survivors
(0.89 + 0.03 vs 0.98 £ 0.03, respectively, p= 0.04; Figure 2A). Cox proportional hazard
models showed that CEC was associated with survival when adjusting for HDL-C (HR 0.46
per standard deviation change in CEC, 95% CI 0.22 to 0.99, p = 0.048; Figure 2B) and after
adjustment for age, history of ischemic cardiomyopathy, HDL-C and low-density lipoprotein
cholesterol (LDL-C) (HR 0.26 per standard deviation CEC, 95% CI 0.11 to 0.63, p=0.002;
Figure 2B). Of the 15 patients who died, we identified 8 who died due to complications of
CAV. Sensitivity analysis, excluding patients who died of other causes, reproduced the
association between CEC and survival (7= 28). Because there were only 5 female patients
with CAV in our study, we performed sensitivity analysis in males only and found that CEC
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remained significantly associated with survival (HR 0.28, 95% CI 0.08 to 0.93, p=0.04) in
our adjusted model. Furthermore, the inclusion of other clinical variables, such as race,
number of rejection episodes, hemoglobin A;c, diabetes status, obesity, GFR, time elapsed
since transplant and history of cytomegalovirus (CMV) viremia, did not affect the
relationship between CEC and survival in our adjusted Cox proportional hazard model.

As cyclosporine has been shown to inhibit ABCA1,20 we tested the relationship between
cyclosporine levels, CEC and survival. There was a significant inverse correlation between
cyclosporine levels on the day of catheterization and CEC (B = -0.02, R2 = 0.4, p=0.02;
Figure 2C). However, CEC was not significantly associated with tacrolimus dose and, in
sensitivity analysis of 22 patients treated with tacrolimus, CEC remained significantly
associated with survival time (HR 0.26, 95% CI 0.09 to 0.77, p= 0.02). Each
immunosuppressive agent was systemically added to our Cox proportional hazard models
(see Table S1 in Supplementary Material available online at www.jhltonline.org/). All
models demonstrated a protective effect of CEC in relation to survival and, when both
prednisone and calcineurin inhibitor (CNI) were included, there was no change in the HR
between CEC and survival compared to a model with neither CNI nor prednisone.

CEC is independently associated with CAV

The aforementioned findings support the hypothesis that reduced CEC is a risk factor for
mortality in transplant patients with CAV, yet previous cross-sectional data in transplant
patients suggest no difference in CEC between those with and without CAV as adjudicated
by angiography.14 To resolve this apparent paradox, we hypothesized that reduced CEC is
associated with CAV progression and status as measured by changes in MIT on IVUS, a
marker of poor prognosis in CAV and cardiac transplant. To test this hypothesis, we
measured CEC both pre-transplant and at 1 year post-transplant in a cohort of CTOTO05
subjects with available paired plasma samples and diagnostic 1VUS exams performed
shortly after transplant and at 1 year after transplant (7= 81). Change in average MIT as
measured by IVUS was 0.17 £ 0.04 mm in patients who met the pre-specified IVUS end-
point for CAV (>0.5 mm change in MIT by IVUS, 1= 15) compared with 0.03 + 0.01 mm in
those who did not (7= 66, p < 0.001; Table 2).

Pre-transplant basal CEC was significantly lower in subjects who met the CAV end-point
compared with those who did not (0.86 £ 0.03 vs 1.04 £ 0.04, respectively, p=0.03, in
presence of probucol; 0.84 £ 0.05 vs 0.97 + 0.03, p= 0.06, in absence of probucol; Figure
3). Both findings persisted at 1 year. Pre-transplant HDL also trended lower in CAV patients
(49 + 2.8 mg/dl vs 39 = 2.9 mg/dl, p=0.1; Table 2). In multivariate logistic regression
evaluating metabolic factors associated with CAV, including LDL, HDL, diabetes status and
CEC, CEC was independently associated with CAV, and LDL was positively associated with
CAV (OR 0.35, 95% CI 0.13 to 0.99, p = 0.048 per standard deviation CEC; OR 2.14, 95%
Cl 1.02 to 4.46, p=0.043 per standard deviation LDL; Figure 4). Inclusion of clinical
variables, such as recipient and donor CMV antibody status, also strengthened the
relationship between CEC and CAV status.

Furthermore, in the linear regression analysis, CEC showed a significant relationship with
changes in MIT and total atheroma volume (TAV) in univariate analysis (data not shown)
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and after adjustment for baseline MIT or TAV, HDL-C or donor and recipient clinical
characteristics, including HDL-C (Table 3). Among patients with CAV, there was a highly
significant relationship between baseline CEC and change in average MIT (B = -0.59, /2 =
0.35, p=0.02, n=15; Figure 5). To our surprise, pre-transplant CEC was independently
associated with baseline values of MIT and TAV early post-transplant in models adjusted for
HDL-C and donor and recipient clinical characteristics (n7=81; Table 4).

Discussion

CAV is a major cause of morbidity and mortality in heart transplant recipients. Increased
CEC reduces macrophage lipid accumulation and is associated with decreased
cardiovascular events.12 The key findings of our work are that CEC was found to be
associated with survival in CAV patients, independently of HDL-C and LDL-C levels, and
that pre-transplant CEC was independently associated with CAV progression as adjudicated
by IVUS. CEC was significantly reduced in subjects who developed rapidly progressive
CAV and was associated with changes in MIT and TAV.

Although decreased CEC is associated with incident cardiovascular events in native vessel
atherosclerosis,12 we observed statistically significant associations in smaller studies than
what has been observed in the native coronary disease population. In contrast to studies of
native coronary disease, where event rates are lower and disease progression is slower,
studies in cardiac transplant recipients have demonstrated positive results with smaller
sample sizes in shorter time periods.?! Using statins as a paradigm, initially small studies
were reproduced by other larger studies, 2223 leading to the near universal adoption of statins
in the treatment of cardiac transplant recipients. Thus, when considering our sample size in
the context of the transplant literature, it is important to consider that the effects of lipid
pathways may be heightened in transplant recipients compared to patients with native
coronary atherosclerosis.

Furthermore, our study is consistent with a growing body of literature highlighting the
importance of CEC in inflammatory vascular disease. In CAV, coronary plaque is largely
non-calcified and lipid-rich, with significant macrophage accumulation2; this is similar to
plaque composition in psoriasis patients, where reduced CEC was recently shown to be
associated with non-calcified, lipid-rich plaque.2®> The importance of increased CEC in
diseases such as psoriasis and CAV may be related to decreased macrophage foam cells in
plaque in the context of significant background inflammation. Furthermore, pre-transplant
CEC was recently tied to graft failure in kidney transplant recipients.2® Given the similar
pathophysiologic mechanisms in chronic organ rejection, CEC may be a therapeutic target
after other organ transplants or in other inflammatory diseases, where cardiovascular disease
remains a leading cause of mortality.2%:27

Although a limitation of our study is the lack of a validation cohort of patients with
advanced CAV, we observed associations between CEC with IVUS progression of CAV, a
surrogate marker of poor outcomes in cardiac transplant recipients with CAV.28-30 Both the
CTOTO5 and our single-center experience support the concept that CEC impacts disease
progression in CAV patients. The association of pre-transplant CEC with baseline measures

J Heart Lung Transplant. Author manuscript; available in PMC 2017 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Javaheri et al.

Page 7

of MIT and TAV is consistent with results from IVUS near-infrared spectroscopy studies,
highlighting the role of early, rapid lipid accumulation in the pathogenesis of CAV.31:32
Furthermore, this finding suggests that studies on donor hearts performed early post-
transplant may be influenced by recipient metabolic factors, and not solely reflective of
donor disease.

Furthermore, the association between pre-transplant CEC and downstream CAV suggests
that decreased CEC is less likely to be a consequence of immunosuppressive medications or
generally poor health post-transplant. Nonetheless, we cannot rule out that medications may
be modifying the relationship between CEC and survival. We have identified an inverse
relationship between CEC and cyclosporine, a known inhibitor of ABCAL. The fact that
CEC was reduced in CAV patients compared with controls, irrespective of the ABCA1
inhibitor probucol, suggests the potential relevance of both ABCA1-dependent and -
independent pathways in CAV progression. As CEC remained significantly associated with
mortality in CAV patients treated with tacrolimus, the effects of CEC on mortality in CAV
patients are unlikely to be due solely to an effect of cyclosporine on CEC.

With regard to other factors that may influence the relationship between CEC and CAV
outcomes, certain medications, such as mycophenolate mofetil (MMF) and rapamycin, are
associated with dyslipidemia,33 but we did not observe any association between rapamycin
or MMF use and CEC. Notably, all of our CAV patients were treated with statins, which
may have modest efflux-lowering effects in patients with native coronary disease,3* but are
known to be protective in CAV. Although our study was underpowered to detect possible
effects of statin potency or patient compliance, CEC was associated with CAV
independently of LDL-C levels, which should be reflective of statin use. Statins will remain
the sine qua non of lipid-lowering therapy post-transplant, but our results add to the growing
body of literature showing that lipid homeostasis is a critical mediator of allograft survival
and suggest CEC as an alternative lipid pathway that could serve as a therapeutic target in
CAV patients.

Given that an earlier cross-sectional study4 did not demonstrate an association between
CEC and CAV, we tested the relationship between CEC and CAV in 2 different studies in an
attempt to increase the generalizability of our findings. Although the use of a large,
multicenter prospective trial with IVUS and clinical outcomes would be ideal, our study
design allowed for analyses that would have been costly and time-consuming to perform
prospectively. In our CAV cohort, CEC was measured at the time of clinical presentation,
whereas, in the CTOT05, CEC was measured at specified time-points pre-transplant and 1
year post-transplant. The fact that 2 independent cohorts, at multiple time-points, suggested
that CEC is significantly associated with disease status, progression or outcomes in CAV is
remarkably consistent, particularly given the heterogeneity in care of transplant patients
across many centers. Furthermore, differences in study design likely explain the
discrepancies between our findings and those of Singh et al, 14 who did not observe an
association between CEC and CAV identified angiographically. First, our study employed
IVUS progression to identify patients with CAV, which has greater sensitivity and specificity
than angiography for CAV detection.32 It is likely that angiography misses individuals with
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milder CAV, who may be misclassified as negative.18 Second, our end-points included
survival and progression of CAV, rather than solely cross-sectional association.

Although our study suggests a significant association between CEC and CAV, the
mechanisms behind the increased mortality in CAV patients require further exploration.
CAV progression, per se, may be one of the possible explanations, but other major targets to
consider are the effects on the myocardium, including the possibility of increased arrhythmic
death. In addition, certain clinical variables, such as ischemic time, donor characteristics and
exact cause of death in every subject, were not available in either our single-center data or in
the CTOTO5, and the inability to adjust for these possible confounders is another limitation
of our work. Finally, because the vast majority of patients who developed CAV were male,
we were significantly underpowered to identify any differences related to recipient gender.

Most importantly, therapies that improve CEC, such as reconstituted HDL,3536 apoA-I
mimetic peptides or fibrates,3” may benefit cardiac transplant patients through both lipid and
immune-modulating mechanisms. Prospective studies are needed to elucidate the specific
mechanisms by which increasing CEC may protect this vulnerable group of patients.
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35 transplant patients
with CAV
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angiography

Tested association of
CEC and survival in CAV

Figure 1.
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CTOTOS Study

81 transplant patients
with serial IVUS

CEC and clinical
assessment pre-
transplant

Tested association of

CEC & CAV progression

by IVUS

Study design of the Penn transplant and CTOTOS5 cohorts. In the Penn angiographic cohort,
35 patients with CAV had CEC measured at time of the catheterization. We tested the
relationship between CEC and survival. In the CTOTO05, 81 subjects had samples available
for CEC assays and paired IVUS assessment of CAV. We tested the relationship between
CAV status and progression, as assessed by IVUS, and CEC.
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Figure 2.

CEC capacity is lower in patients with CAV who died compared to survivors with CAV. (A)
CEC in patients with CAV who died compared with survivors. (B) Forest plot demonstrating
hazardratio (HR) and upper and lower confidence limits (UCL and LCL, respectively) for
CEC in a Cox survival analysis. (C) Scatterplot of CEC capacity versus cyclosporine dose
with regression line and 95% confidence estimate around regression line.

J Heart Lung Transplant. Author manuscript; available in PMC 2017 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Javaheri et al. Page 13
A. Pre-transplant efflux p=0.06 p=0.03
1.05

Normalized CEC
o
O
(9]

0.85
0.75
CAV . + - *
Probucol - i + ¢
B. Post-transplant efflux (1 year) p =0.07 p =0.05
1.05
v
o
g 0.95
g 0.85
0.75 -
CAV . + - +
Probucol - . + +

Figure 3.
CEC is significantly decreased before transplant in patients who met pre-specified

intravascular ultrasound criteria for CAV versus those who did not. (A) CEC before
transplant. (B) CEC at 1 year.
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Figure 4.

CEC is independently associated with CAV as measured by IVUS. Forest plot depicting
odds ratio (OR) with upper and lower confidence limits (UCL and LCL, respectively) for

CEC, HDL-C, LDL-C and diabetes in a logistic regression model for CAV.
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Figureb.
CEC is associated with progressive changes on intravascular ultrasound in CAV patients.

Change in maximal intimal thickness over 1 year (J~axis) is plotted against normalized
cholesterol efflux capacity (x-axis) with regression line and 95% confidence interval.
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Clinical Variables With HR (95% CI) From Cox Survival Analysis

Table 1

Variable Alive(n=20) Dead(n=15) HR (95% CI) p-value
Age at transplant 428+29 46.5+4.2 1.02 (0.99t01.07) 0.20
Male 100% 66.6% 0.18 (0.05t0 0.57)  0.004
White race 65% 74.4% 1.02 (0.32t03.30) 0.973
ICM (pre-transplant) 25% 46.6% 3.2 (1.06 to 9.85) 0.04
Years from transplant 115+1.3 9.7+1.2 0.95(0.87t01.04) 0.30
Hypertension 95% 93.3% 0.71 (0.09 to 5.6) 0.75
Hemoglobin A;c 6.7+05 6.8+05 1.06 (0.78t0 1.47)  0.69
Diabetes 50% 53.3% 0.99 (0.36t0 2.77)  0.99
BMI >30 kg/m? 80% 80% 123(0.34t045) 075
Rejection 75% 60% 0.44 (0.15t0 1.34) 0.15
GFR 56.1+5.7 56.8 + 7.4 1.0(0.98t01.02)  0.92
LDL-C (per SD) 101.9+ 86 80.2+7.8 0.64(0.31t01.27) 0.20
HDL-C 482+28 443+35 1.03 (0.58t0 1.80) 0.931
Actively smoking 5% 6.6% 2.32(0.29t018.7) 0.43
Statin use 100% 100% Omitted

Cyclosporine 45% 27% 0.52(0.17to 1.64) 0.27
Cyclosporine level (ng/ml) 84.4+8.4 79.5+16.4 0.97(0.93t01.03) 0.38
Tacrolimus 55% 64% 1.92 (0.61t0 1.05) 0.27
Tacrolimus level (ng/ml) 6.7+5.7 53+0.4 0.07 (0.52t01.26) 0.35
MMF 45% 46.6% 1.18(0.43t01.26) 0.75
Prednisone 40% 46.6% 1.22 (0.44t0 3.4) 0.70
Rapamycin 40% 33% 1.14(0.37t03.48) 0.82
Azathioprine 10% 13% 112 (0.25t05.01) 0.89
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BMI, body mass index; CI, confidence interval; GFR, glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio;

ICM, ischemic cardiomyopathy; LDL-C, low-density lipoprotein cholesterol; MMF, mycophenolate mofetil; SD, standard deviation.
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Table 2

Baseline Characteristics of Patients in the CTOTO05 Study

No CAV CAV

Variable (n =66) (n=15) p-value
Change in mean 0.03+0.01 0.17+0.04 <0.001
MIT (mm)
Male sex 74% 93% 0.17
White race 74% 80% 0.75
Diabetes 32% 40% 0.56
BMI 276+13 256*0.6 0.18
Rejection 14% 7% 0.74
Total cholesterol 138+12.7 139+52 0.95
(mg/dl)
HDL (mg/dl) 49+28 39+29 0.1
LDL (mg/dl) 76+38 83+9.4 0.48
Triglyceride (mg/dl) 77 £4.2 85+11.7 0.51
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BMI, body mass index; CAV, cardiac allograft vasculopathy; CTOTO05, Clinical Trials in Organ Transplantation 05; HDL, high-density lipoprotein;

LDL, low-density lipoprotein; MIT, maximal intimal thickness.
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CEC Association With Change in MIT or TAV as Measured by IVUS

Bfor CEC R? p-value

MIT adjustment variables

Baseline MIT -0.23 0.25 0.022

HDL-C -0.34 0.10 0.023

Clinical characteristics -0.29 0.21 0.047
TAV adjustment variables

Baseline MIT -0.25 0.18 0.019

HDL-C -0.39 0.10 0.009

Clinical characteristics -0.37 0.21 0.014

Standardized B-coefficients are presented for cholesterol efflux capacity (CEC), adjusted for baseline maximal intimal thickness (MIT) or total
atheroma volume (TAV), high-density lipoprotein cholesterol (HDL-C) or additional clinical variables, including donor and recipient age, gender,
race, cytomegalovirus (CMV) status and recipient diabetes. Clinical variables include donor and recipient age, gender, race, CMV status, recipient

diabetes and HDL-C. IVUS, intravascular ultrasound.
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Table 4

Pre-transplant CEC Associated With (Log-transformed) Baseline Post-transplant MIT (Top) or TAV (Bottom)
as Measured by 1IVUS

Bfor CEC R? p-value

MIT adjustment variables
HDL-C -0.31 0.06 0.042
Clinical characteristics -0.29 0.30 0.044
TAV adjustment variables
HDL-C -0.32 0.06 0.03
Clinical characteristics -0.30 0.24 0.04

Standardized B-coefficients are presented for cholesterol efflux capacity (CEC), adjusted for high-density lipoprotein cholesterol (HDL-C) and
additional clinical variables, including donor and recipient age, gender, race, cytomegalovirus (CMV) status and recipient diabetes. MIT, maximal
intimal thickness; TAV, total atheroma volume.
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