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ABSTRACT
Background: Unlike the relationship with atherosclerotic coronary ar-
tery disease, that between low-density lipoprotein cholesterol (LDL-C)
and cardiac allograft vasculopathy (CAV) is unclear. Our objectives
were to characterize lipid profiles early after heart transplantation (HT)
and evaluate the relationship between early LDL-C and the develop-
ment of CAV.
Methods: We retrospectively reviewed consecutive adults who under-
went HT at 2 centres during the time period 2010-2018. The primary
outcome was the incidence of angiographic CAV. The relationship
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R�ESUM�E
Introduction : Contrairement à la relation avec l’ath�eroscl�erose coro-
narienne, la relation entre les concentrations de cholest�erol de lip-
oprot�eines à faible densit�e (cholest�erol LDL) et la vasculopathie
d’allogreffe cardiaque (VAC) n’est pas claire. Nos objectifs �etaient de
caract�eriser les profils lipidiques rapidement après la transplantation
cardiaque (TC) et d’�evaluer la relation entre les concentrations initiales
de cholest�erol LDL et l’apparition de la VAC.
M�ethodes : Nous avons pass�e en revue de façon r�etrospective les
adultes cons�ecutifs qui avaient subi une TC dans deux �etablissements
Dyslipidemia is common after heart transplantation (HT) and
is attributed to immunotherapy, as well as dietary factors and
genetic predisposition.1-3 Statins are well established in the
treatment of dyslipidemia after HT and have been shown to
reduce the incidence of cardiac allograft vasculopathy (CAV)
and improve survival.4-7 The proposed mechanisms of action
for the observed benefits of statins after HT are a result of a
combination of their lipid-lowering properties and pleotropic
effects, including favourable immunomodulatory effects and
improvement in endothelial function.8

A wealth of data in atherosclerotic coronary disease sup-
ports the cardiovascular benefits of low-density-lipoprotein
cholesterol (LDL-C) reduction, and current guidelines
include recommendations for LDL-C target levels of < 1.8
mmol/L or < 1.4 mmol/L, depending on cardiovascular
risk.9,10 Although guideline-directed therapy for HT re-
cipients includes the initiation of a statin, ideal LDL-C target
levels after HT have not been established. Furthermore, the
relationship between LDL-C and the development of CAV
after transplant has not been well explored, and there are
currently no recommended LDL-C target levels specific to the
HT population. The objectives of this study are to charac-
terize lipid profiles early post-transplant, and to evaluate the
relationship between serum LDL-C values early after HT and
the development of CAV.
Methods

Study design

We conducted a retrospective review of consecutive adults
(age � 18 years) who underwent HT at the University of
Ottawa Heart Institute (Ottawa, Ontario, Canada) and Tor-
onto General Hospital (Toronto, Ontario, Canada) between
January 1, 2010 and December 31, 2018. The study was
approved by the local research ethics boards and was con-
ducted in accordance with the STROBE (Strengthening the
n Cardiovascular Society. This is an open access article under the CC BY-NC-
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between LDL-C and CAV was assessed using Cox proportional hazards
and logistic regression models adjusted a priori for clinically important
covariates, including recipient and donor age, recipient sex, ischemic
time, and pre-HT diabetes.
Results: A total of 386 patients followed for a median (range) of 4.4
(2.8-6.8) years were included. LDL-C at baseline (2.11 � 0.86 mmol/
L) and 1 year after HT (2.20 � 0.88 mmol/L) was similar (P ¼ 0.21),
but it was lower at the end of follow-up (1.89 � 0.74 mmol/L, P <

0.01). Of 309 patients who underwent angiography, 54% had CAV. The
risk of CAV did not vary according to baseline, 1-year, or change from
baseline to 1-year LDL-C. The odds of CAV at 1 year were equally likely
across LDL-C values (adjusted odds ratio 1.00, 95% confidence inter-
val: 0.61-1.63 for baseline, and adjusted odds ratio 1.25, 95% confi-
dence interval: 0.74-2.10 for 1-year LDL-C).
Conclusions: No association was identified between early LDL-C and
the development of CAV. Our findings do not support targeting a spe-
cific LDL-C for patients who do not otherwise meet criteria for
guideline-recommended LDL-C target levels. Randomized studies are
warranted to determine if lipid-lowering to a specific LDL-C target level
modifies the risk of CAV.

durant la p�eriode 2010-2018. Le critère d’�evaluation principal �etait la
fr�equence de la VAC à l’angiographie. Nous avons �evalu�e la relation
entre les concentrations de cholest�erol LDL et la VAC à l’aide des
modèles à risques proportionnels de Cox et de r�egression logistique
ajust�es a priori sur les covariables importantes sur le plan clinique,
notamment l’âge du receveur et du donneur, le sexe du receveur, la
dur�ee de l’isch�emie et le diabète pr�e-TC.
R�esultats : Nous avons inclus un total de 386 patients suivis durant
une m�ediane (�etendue) de 4,4 (2,8-6,8) ans. Les concentrations ini-
tiales de cholest�erol LDL (2,11 � 0,86 mmol/l) et après 1 an (2,20 �
0,88 mmol/l) �etaient similaires (P ¼ 0,21), mais elles �etaient plus
faibles à la fin du suivi (1,89 � 0,74 mmol/l, P < 0,01). Parmi les 309
patients qui avaient subi une angiographie, 54 % avaient une VAC. Le
risque de VAC ne variait pas en fonction des concentrations de cho-
lest�erol LDL du d�ebut, après un an, ou ne changeait pas entre le d�ebut
et après un an. Les cotes de la VAC après 1 an �etaient �equiprobables
dans toutes les valeurs de cholest�erol LDL (rapport de cotes ajust�e
1,00, intervalle de confiance [IC] à 95 % : 0,61-1,63 au d�ebut, et
rapport de cotes ajust�e 1,25, IC à 95 % : 0,74-2,10 pour les concen-
trations de cholest�erol LDL après un an).
Conclusions : Aucune association n’a �et�e �etablie entre les concen-
trations initiales de cholest�erol LDL et l’apparition de la VAC. Nos
r�esultats n’�etayent pas le ciblage de concentrations particulières de
cholest�erol LDL chez les patients qui ne satisfaisaient par ailleurs pas
aux critères des concentrations cibles de cholest�erol LDL
recommand�ees par les lignes directrices. Des �etudes à r�epartition
al�eatoire sont justifi�ees pour d�eterminer si la diminution des lipides à
des concentrations cibles particulières de cholest�erol LDL modifie le
risque de VAC.
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Study population

All patients with � 1 LDL-C measurement who survived the
first year after HT were included. Patients were excluded from
analysis if they were not followed locally, died in the first year after
HT, underwent revascularization or had evidence of donor coro-
nary disease at the time of HT, or had no recorded lipid values.

Data collection

The following variables were collected from electronic
medical records at both institutions: baseline recipient de-
mographics (age at HT, sex, transplant indication, height and
weight, prior ventricular assist device, cytomegalovirus status,
sensitization, total ischemic time); recipient comorbidities pre-
HT (diabetes, hypertension, hyperlipidemia, serum creati-
nine); and donor demographics (age, sex, cytomegalovirus
status). The use of lipid-lowering therapy including statins,
ezetimibe, and other agents was extracted at baseline (defined
as within 3 months of HT), 1 year, and last available follow-
up after HT. There was no loss to follow-up.

Lipid parameters

Lipid values, including total cholesterol, LDL-C, high-
density-lipoprotein cholesterol (HDL-C), non-HDL-C, and
triglyceride levels were collected at baseline, 1 year, and last
available follow-up after HT. In 6 patients for whom LDL-C
could not be determined due to hypertriglyceridemia, a
previously published modified formula for calculating LDL-C
was used.12 LDL-C was evaluated as a continuous variable
and as a categorical variable, according to 4 LDL-C groups
based on cutoffs used in guideline-directed therapy of hyper-
lipidemia:< 1.5 mmol/L;< 1.8 mmol/L;< 2.0 mmol/L; and
< 2.5 mmol/L.8,9,13,14 The change in LDL-C from baseline to
1 year after HT was assessed by categorizing patients into 4
groups (low to low, low to high, high to high, and high to low)
according to these 4 LDL-C thresholds and defining “low” and
“high” as below and above the threshold, respectively.

Outcome measures

The primary outcome was the incidence of angiographic
CAV grades 1-3 (CAV1-3), per the International Society for
Heart and Lung Transplantation (ISHLT) definition, during
the study period.15 Secondary outcomes included the inci-
dence of the following: (i) CAV1-3 at 1 year post-HT; (ii)
maximal intimal thickness (MIT) � 0.5 mm measured on
intravascular ultrasound (IVUS) at 1 year post-HT; and (iii) a
composite outcome of CAV grade 2-3 (CAV2-3), myocardial
infarction, coronary revascularization, retransplantation, and/
or cardiovascular mortality. MIT � 0.5 mm was used because
baseline angiography in the first few months after HT is not
routine at either centre, and increased MIT values at 1 year
after HT have been shown to be prognostic.16,17

Statistical analysis

Continuous variables were summarized using median and
interquartile range due to nonparametric distribution, except
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for normally distributed lipid values, which were summarized
using means and standard deviations. Dichotomous variables
were summarized using frequencies. Between-group differ-
ences were evaluated using Wilcoxon rank-sum tests for
continuous variables and c2 and Fisher’s exact tests for
dichotomous variables. To assess the impact of LDL-C on
CAV1-3, the Cox proportional hazards model was used. The
model was adjusted a priori for institution and the following
clinically important covariates: donor age, ischemic time,
recipient age, recipient sex, ischemic cardiomyopathy, pre-HT
diabetes, pre-HT hypertension, and treated cytomegalovirus
infection and rejection (ISHLT grade � 2R cellular rejection
or pathologic antibody-mediated rejection (AMR) �
pAMR1). Logistic regression was used to evaluate the associ-
ation between LDL-C as a continuous variable and CAV1-3 at
1 year and MIT � 0.5 mm on IVUS. The association be-
tween HDL-C level and total cholesterol level as continuous
variables and CAV1-3 at 1 year was conducted as a sensitivity
analysis. Cox proportional hazards analysis was used to eval-
uate the association between LDL-C and the composite
outcome after controlling for the effects of donor age and
recipient sex. Only patients with complete data were included
in the multivariable analyses. The data analysis was generated
using SAS version 9.4 (SAS Institute Inc., Cary, NC) and
GraphPad Prism, version 8 (San Diego, CA).
Results
A total of 461 patients received a HT during the study

period, of which 386 patients with complete follow-up of a
median (range) of 4.4 (2.8-6.8) years were included for further
analysis (Fig. 1). Most of the 75 patients excluded from
further analysis died in the first year after HT (n ¼ 44) or
were not followed locally (n ¼ 21). Baseline characteristics for
the excluded patients are provided in Supplemental Table S1.

The study cohort median age (range) was 54 (44-61) years;
75% were male; and 25% had ischemic cardiomyopathy as
Figure 1. Study population flowchart. CAV0, cardiac allograft vasculopathy
International Society for Heart and Lung Transplantation.
their transplant indication (Table 1). At the time of HT, 143
patients (37%) had hyperlipidemia, 108 (28%) had hyper-
tension, and 73 (19%) had diabetes. After HT, all patients
received induction immunosuppression, and most were on
standard maintenance therapy with steroids (100%), calci-
neurin inhibitor (99%), and mycophenolic acid (99%). The
use of sirolimus increased from 3% at baseline to 34% at the
end of follow-up.

Most patients (94%) were initiated on statin therapy
immediately after HT during the index hospitalization. The
initial statin for the majority was pravastatin (n ¼ 265; 69%),
but atorvastatin (n ¼ 72; 19%), rosuvastatin (n ¼ 26; 7%),
and simvastatin (n ¼ 4; 1%) were also prescribed. At baseline,
there were 2 patients (0.5%) on ezetimibe; no other lipid-
lowering agents were used. At 2 years after HT, most pa-
tients remained on pravastatin (n ¼ 188; 58%), atorvastatin
(n ¼ 88; 27%) or rosuvastatin (n ¼ 33; 10%). The use of
other lipid-lowering agents increased, with 30 patients (9%)
on ezetimibe and 6 (2%) on fenofibrates 2 years after HT.

Lipid trends after HT

Serum lipids were measured at a median (range) of 18 (0-
40), 367 (347-388), and 1665 (1057-2490) days after HT at
baseline, 1 year, and last available test, respectively (Fig. 2).
Mean total cholesterol at baseline was 4.17 � 1.20 mmol/L,
with an increase to 4.36 � 1.14 mmol/L at 1 year (P ¼ 0.02),
and a subsequent decrease to 3.98 � 0.99 mmol/L at the end
of follow-up (P ¼ 0.03). There was no significant difference
in mean LDL-C at baseline (2.11 � 0.86 mmol/L), compared
with 1 year after HT (2.20 � 0.88 mmol/L), but LDL-C was
significantly lower at the end of study follow-up (1.89 � 0.74
mmol/L), compared with baseline (P < 0.01).

HDL-C level at baseline was 1.31 � 0.49 mmol/L and was
unchanged at 1 year (1.33 � 0.41 mmol/L, P ¼ 0.64) and at
the end of study follow-up (1.36 � 0.62 mmol/L, P ¼ 0.30).
Non-HDL-C level at baseline was 2.95 � 1.13 mmol/L and
did not change significantly over time: 2.98 � 1.08 mmol/L
grade 0; CAV1-3, CAV grades 1-3; HT, heart transplantation; ISHLT,



Table 1. Baseline characteristics

Characteristic All patients n ¼ 386 CAV 1-3 n ¼ 166 CAV 0 n ¼ 143 P

Recipient age, y 54 (44e61) 53 (44e60) 54 (45e60) 0.42
Male 290 (75) 126 (76) 99 (69) 0.19
Transplant indication 0.14

Ischemic 96 (25) 43 (26) 27 (19)
Non-ischemic 290 (75) 123 (74) 116 (81)

Prior ventricular assist device 116 (30) 48 (29) 46 (32) 0.54
Pre-HT diabetes mellitus 73 (19) 35 (22) 17 (12) 0.02
Pre-HT hypertension 108 (28) 52 (31) 30 (21) 0.04
Pre-HT hyperlipidemia 143 (37) 68 (41) 41 (29) 0.02
Baseline LDL-C, mmol/L 2.06 (1.50e2.60) 2.00 (1.40e2.50) 2.15 (1.70e.2.80) 0.01
Body mass index, kg/m2 26 (23e29) 26 (23e29) 25 (22e28) 0.08
Serum creatinine, umol/L 103 (85e130) 101 (85e129) 104 (85e127) 0.93
Ischemic time, min 210 (180e251) 207 (182e250) 209 (172e251) 0.67
Sensitization (cPRA > 0%) 184 (48) 71 (43) 78 (55) 0.03
Donor age, y 36 (24e48) 43 (31e51) 26 (21e36) < 0.01
Donor sex, male* 256 (71) 115 (73) 86 (65) 0.16
Treated CMV infection 49 (13) 21 (13) 16 (11) 0.16
Induction therapyy 0.12

Basiliximab 54 (14) 21 (13) 20 (14)
Anti-thymocyte globulin 331 (86) 145 (87) 123 (86)

Maintenance immunosuppression
Steroids 386 (100) 166 (54) 143 (46) 0.99
Calcineurin inhibitor 383 (99) 165 (54) 141 (46) 0.60
Mycophenolic acid 382 (99) 165 (54) 142 (46) 0.46

Other medications
Aspirin 208 (54) 86 (52) 63 (48) 0.17
Calcium channel blocker 89 (23) 41 (25) 28 (20) 0.28
ACE-I/ARB 74 (19) 33 (20) 25 (18) 0.59
Statin 367 (94) 157 (95) 137 (96) 0.79

Continuous variables are expressed as median (interquartile range); dichotomous variables are expressed as n (%).
ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CAV, cardiac allograft vasculopathy; CAV0, CAV grade 0; CAV1-3, CAV

grades 1-3; CMV, cytomegalovirus; cPRA, calculated panel reactive antibody; HT, heart transplantation; LDL-C, low-density lipoprotein cholesterol.
* Data available for 362 patients.
yData available for 385 patients.
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(P ¼ 0.75) and 2.91 � 1.21 mmol/L (P ¼ 0.76) at 1 year and
last follow-up, respectively. Baseline triglyceride levels were
1.68 � 0.99 mmol/L and increased to 1.91 � 1.34 mmol/L
at 1 year (P ¼ 0.006), before returning to levels at the end
of study follow-up that were similar to those at baseline
(1.78 � 1.01 mmol/L, P ¼ 0.18).

Risk of CAV according to LDL-C

A total of 309 patients (80%) had a coronary angiogram
during the study period and were included in the multivari-
able analyses. Of these patients, 166 (54%) developed CAV
(CAV1 ¼ 155; CAV2 ¼ 8; CAV3 ¼ 3) over a median (range)
follow-up time of 4.2 (2.7-6.6) years. Pre-HT cardiovascular
risk factors of diabetes, hypertension and hyperlipidemia were
more common in patients with CAV, compared with the
incidence among those without CAV (Table 1). Donors were
significantly older for recipients who developed CAV,
compared with donors for those who did not develop CAV
(median (range) donor age: 43 (31-51) vs 26 (21-36) years,
respectively, P < 0.01). There was no difference in de novo
use of proliferation signal inhibitors (5 patients with CAV vs 7
patients with no CAV, P ¼ 0.56) or other medications,
including statins, between patients with vs without CAV.
There were no differences between groups in terms of rates of
ISHLT grade � 2R cellular rejection (69 patients with CAV
vs 65 patients without CAV, P ¼ 0.49) or pathologic
antibody-mediated rejection � pAMR1 (44 patients with
CAV vs 30 patients without CAV, P ¼ 0.26)
The risk of CAV did not vary according to any of the
prespecified LDL-C thresholds at baseline or at 1 year, with
analyses adjusted for donor age, ischemic time, recipient age,
recipient sex, ischemic cardiomyopathy, pre-HT diabetes, pre-
HT hypertension, treated cytomegalovirus infection, and
rejection (Fig. 3; Supplemental Table S2). There was also no
significant relationship between the change in LDL-C from
baseline to 1 year and the risk of CAV (Fig. 4; Supplemental
Table S3).

Association between LDL-C and CAV at 1 year

There were 239 patients who underwent coronary angi-
ography at 1 year after HT, of whom 102 (43%) had
angiographic CAV1-3. There was no significant association
between LDL-C and CAV at 1 year post-transplantdadjusted
odds ratio (OR) 1.00, 95% confidence interval (CI): 0.61,
1.63 for baseline LDL-C, and adjusted OR 1.25, 95% CI:
0.74, 2.10 for 1-year LDL-C. There was also no association
between baseline and 1-year HDL-C levels, or between
baseline and 1-year total cholesterol level and CAV at 1 year
(Supplemental Table S4).

One-year IVUS was performed in 176 patients: 97
(55%) had an MIT � 0.5 mm, and 79 (45%) had an
MIT < 0.5 mm. When adjusted for confounders, baseline
and 1-year LDL-C were not associated with an MIT � 0.5
mm on 1-year coronary angiography (OR 1.00, 95% CI:
0.62, 1.63 and OR 1.25, 95% CI: 0.74, 2.10,
respectively).



Figure 2. Shown are baseline, 1-year, and last available (A) total cholesterol levels; (B) low-density lipoprotein cholesterol (LDL-C) levels; (C) tri-
glyceride levels; and (D) high-density lipoprotein cholesterol (HDL-C) levels, for all included patients. Bars represent mean values, error bars
represent standard deviations, and dots represent individual patients. *P < 0.05 compared to baseline.
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Risk of the composite outcome according to LDL-C

There were 26 patients (8%) who experienced one or more
events included in the composite outcome. First outcome
events included in the analysis were: CAV2 (n ¼ 8), CAV3

(n ¼ 3), myocardial infarction (n ¼ 2), coronary revascular-
ization (n ¼ 3), cardiovascular death (n ¼ 10). There was no
relationship between the composite outcome and baseline and
1-year LDL-C cutoffs on analyses adjusted for donor age and
recipient sex (Table 2).

Discussion
In this multicentre study of 386 patients, baseline LDL-C

values remained unchanged at 1 year after HT but decreased
significantly by 4.6 (range: 2.9-6.8) years after HT.We did not
identify an association between baseline, 1-year, or change from
baseline to 1-year LDL-C and risk of early CAV or CAV
development over the medium-term after HT when adjusting
for important confounders. Early LDL-C was also not associ-
ated with the composite outcome of moderateesevere CAV2-3,
myocardial infarction, coronary revascularization, retrans-
plantation, or cardiovascular-related death.

Although there is robust evidence supporting the use of
statins after HT, data are lacking to indicate that their ben-
efits are attributable directly to their lipid-lowering effects,
particularly early after HT. Our findings are corroborated by
prior studies that have failed to demonstrate a clear rela-
tionship between LDL-C and CAV.4,5,7,18 In a seminal ran-
domized controlled trial of early post-HT initiation of
pravastatin, by Kobashigawa et al., there was no observed
correlation between higher cholesterol levels and CAV
development.4 A single-centre observational study of 194
patients reported less CAV with an LDL-C < 2.6 mmol/L,
whereas more aggressive lowering of LDL-C to < 1.8 mmol/
L was associated with worse outcomes.19 Similarly, Asleh
et al. found no association between LDL-C and the incidence
of CAV in 227 patients treated with sirolimus-based immu-
nosuppression but did raise the possibility of an association
between higher LDL-C and greater risk of CAV in 96 pa-
tients treated with calcineurin inhibitor.20 Their findings also
suggest that proliferation signal inhibitors such as sirolimus
have a greater impact in reducing the risk of CAV irrespective
of LDL-C. In contrast, a large multicentre observational
analysis by Loupy et al. recently suggested an association
between a 1-year LDL-C cutoff of � 1.0 g/L (2.6 mmol/L)
and risk of CAV progression.21 We evaluated LDL-C at 1
year post-HT as a continuous variable, to better characterize
its association with angiographic CAV as well as earlier signs
of CAV, using IVUS data. Differences in statistical methods
used, cohort baseline LDL-C values, and cohort CAV as-
sessments in our study vs that of Loupy et al. may account for
these discordant observations.



Figure 3. Cardiac allograft vasculopathy (CAV)-free survival according to low-density lipoprotein cholesterol (LDL-C) level (A) 1.5 mmol/L; (B) 1.8
mmol/L; (C) 2.0 mmol/L; and (D) 2.5 mmol/L at (left column) baseline and (right column) 1 year after transplant. Hazard ratio (HR) and 95%
confidence interval (CI) are shown.
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Figure 4. The risk of cardiac allograft vasculopathy (CAV) according
to changes in low-density lipoprotein cholesterol (LDL-C) level
groups of (A) 1.5 mmol/L; (B) 1.8 mmol/L; (C) 2.0 mmol/L;
and (D) 2.5 mmol/L, from baseline to 1 year after heart
transplantation.

Table 2. Risk of composite outcome of moderateesevere cardiac
allograft vasculopathy grades 2-3, myocardial infarction, coronary
revascularization, retransplantation, and cardiovascular death
according to baseline and 1-year LDL-C

LDL-C,
mmol/L

Unadjusted
HR (95% CI) P

Adjusted
HR (95% CI)* P

Baseline
� 1.8 0.48 (0.22, 1.03) 0.06 0.54 (0.25, 1.19) 0.13
� 2.0 0.50 (0.23, 1.09) 0.08 0.57 (0.26, 1.26) 0.16
� 2.5 0.49 (0.19, 1.31) 0.16 0.57 (0.21, 1.55) 0.27

1-year
� 1.8 1.21 (0.48, 3.06) 0.68 1.37 (0.54, 3.50) 0.50
� 2.0 1.05 (0.46, 2.39) 0.91 1.24 (0.54, 2.87) 0.61
� 2.5 1.33 (0.59, 2.98) 0.49 1.63 (0.72, 3.72) 0.24

CI, confidence interval; HR, hazard ratio; LDL-C, low-density lipoprotein
cholesterol.

* Adjusted for the following variables: donor age, recipient sex.
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The mean LDL-C of 2.11 � 0.86 mmol/L at baseline in
our cohort was lower than those in other published
cohorts.8,22-24 Some but not all studies with higher LDL-C
values (means of 2.6 and 3.1 mmol/L) have reported a
greater risk of CAV.19,20 The lower, early LDL-C values in
our cohort are a possible explanation for the lack of observed
association between LDL-C and CAV, compared to findings
for other study populations.19,20 An IVUS study of 93 HT
patients suggested an association between larger increases in
LDL-C within the first year of transplant and CAV severity at
1 year.25 How can this finding be reconciled with that from
the IVUS of our larger cohort of 176 patients? It is possible
that there is no relationship between the 2, or that selection
bias in the IVUS cohort accounts for the difference in find-
ings. Alternatively, the small nonsignificant change in LDL-C
from baseline to 1 year after HT observed in our cohort could
accounts for the corresponding lack of association with CAV.
Even with lower mean LDL-C values, a sizeable 54% of our
study cohort developed CAV, which would not be expected if
lower LDL-C values at baseline were protective against CAV
development.

To the best of our knowledge, only one randomized study
of 52 patients has evaluated LDL-Cetargeted statin therapy
after HT.22 Potena et al. compared statin dose titration to
target an LDL-C < 2.6 mmol/L vs maximal statin dose
therapy early after HT.22 Angiographic CAV was not evalu-
ated, and there was no difference in the development of early
CAV as defined by an increase in MIT of � 0.5 mm on IVUS
at 1 year between the 2 patient groups.22 The authors re-
ported higher average LDL-C in the small number of 4 pa-
tients with an increase in MIT � 0.5 mm from baseline. At 1
year post-HT, there was no difference in LDL-C between the
statin titration and maximal-dose groups. In our study, we did
not find an association between 1-year LDL-C or change from
baseline and either angiographic CAV1-3 or an IVUS MIT �
0.5mm at 1 year post-transplant. Randomized studies sup-
porting or refuting the need for an LDL-C target after HT are
needed.

Nonelipid-lowering effects of statin therapy

The immunomodulatory and endothelial effects of
statin therapy are likely the primary reasons for their
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well-established benefits after HT.26 The pathogenesis of
CAV involves endothelial injury and dysfunction, smooth
muscle cell proliferation, and ultimately, fibrosis and nega-
tive remodelling of coronary arteries.27 Statin therapy has
been shown to inhibit proliferation of smooth muscle cells.28

Furthermore, improved endothelial function and increased
coronary luminal area have been observed among patients
after 1 year on statin therapy post-HT. 29 Virtual histology
IVUS and optical coherence tomography studies have also
shown distinct differences in early fibrotic vs late necrotic
and calcific plaque composition, suggesting differing path-
ologic mechanisms in CAV at various stages after HT.30-32

Based on predominant inflammatory and immune-
mediated coronary intimal thickening in early CAV, we
postulate that the immunomodulatory effects of statin
therapy may protect against CAV early after HT, and their
lipid-lowering effects may impact CAV progression later
after HT.

Clinical implications of our study findings

Statins are recommended in all HT patients, but despite
their wide utilization, hyperlipidemia remains common,
with an 88% incidence rate at 5 years post-HT reported in
the ISHLT registry.33-35 The results from our study have
important clinical implications given that ideal LDL-C
target levels post-HT have not been established. Our find-
ings do not support targeting a specific LDL-C for patients
who do not otherwise meet criteria for non-HT guideline-
recommended LDL-C targets.9,13 This conclusion is of
clinical relevance, as achieving a low LDL-C with high-
intensity statin therapy increases the risk of adverse effects,
such as myositis, due to simultaneous calcineurin-inhibitor
use, which increases serum statin levels.36,37 Additionally,
there are currently at least 4 ongoing randomized clinical
trials examining the use of potent LDL-Celowering pro-
protein convertase subtilisin kexin type 9 (PCSK9) in-
hibitors (ClinicalTrials.gov identifiers: NCT03537742,
NCT03734211, NCT03944577, and NCT04193306).
Although this new class of cholesterol-lowering medications
have demonstrated short-term safety and efficacy in reducing
LDL-C in small case series of HT patients, their high costs
may limit their wide application.38-41 Furthermore, these
studies are being conducted in the early post-transplant
population, and the importance of LDL-C reduction may
differ depending on time from transplant.

Limitations

There are limitations to our study, including its retro-
spective design, the relatively small sample size, and the
possibility of type 2 error accounting for our findings. Our
adjusted analyses consider a suitable number of covariates that
may confound the association between CAV and LDL-C,
including donor age, ischemic time, recipient age and sex,
ischemic cardiomyopathy, and pre-HT diabetes, but residual
confounding exists. We evaluated the first available LDL-C as
baseline values, but pre-HT LDL-C were not routinely
available, as patients did not routinely have this bloodwork
performed at our institutions pre-HT. It is possible that the
lack of association between LDL-C and CAV early after HT
was due to type 2 error. We provide medium-term rather
than long-term follow up; however, our objectives were to
evaluate the association between LDL-C and CAV early after
HT, instead of late post-transplant when traditional cardio-
vascular risk factors are at play.27 Similarly, we examined the
impact of early LDL-C, and the relevance of LDL-C later
post-transplant remains unknown. Importantly, the frequency
of coronary angiography and IVUS is not standardized within
the 2 centers, thereby limiting the number of patients avail-
able for CAV analysis. Lastly, the small number of patients in
our cohort with moderateesevere CAV2-3 limits evaluation of
the relationship between LDL-C and significant angiographic
CAV.
Conclusions
In this contemporary cohort of HT recipients at 2 large

transplant centers with nearly universal use of statin therapy,
there was no association between early LDL-C and the risk
of CAV. Although LDL-C values were relatively low at
baseline in this population, neither an increase nor decrease
in LDL-C in the first year after HT was associated with
CAV development. Our findings suggest that an aggressive
LDL-Celowering strategy early after HT may not be asso-
ciated with a lower risk of CAV. However, further research,
including randomized controlled trials, is warranted to
determine if lipid-lowering to a specific LDL-C target level
can decrease the development and progression of CAV after
HT.
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