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Abstract
Background: Cardiac magnetic resonance (CMR) imaging accurately and precisely measures left ventricular (LV) mass and 
function. Identifying mechanisms by which LV mass change and functional improvement occur in some end-stage kidney disease 
(ESKD) patients may help to appropriately target kidney transplant (KT) recipients for further investigation and intervention. 
The concentration of serum adiponectin, a cardiovascular biomarker, increases in cardiac failure, its production being enhanced 
by B-type natriuretic peptide (BNP), and both serum adiponectin and BNP concentrations decline posttransplantation.
Objective: We tested the hypothesis that kidney transplantation alters LV characteristics that relate to serum adiponectin 
concentrations.
Design: Prospective and observational cohort study.
Setting: The study was performed at 3 adult kidney transplant and dialysis centers in Ontario, Canada.
Patients: A total of 82 KT candidate subjects were recruited (39 to the KT group and 43 to the dialysis group). Predialysis 
patients were excluded.
Measurements: Subjects underwent CMR with a 1.5-tesla whole-body magnetic resonance scanner using a phased-array cardiac 
coil and retrospective vectorographic gating. LV mass, LV ejection fraction (LVEF), LV end-systolic volume (LVESV), and LV end-
diastolic volume (LVEDV) were measured by CMR pre-KT and again 12 months post-KT (N = 39), or 12 months later if still receiving 
dialysis (N = 43). LV mass, LVESV, and LVEDV were indexed for height (m2.7) to calculate left ventricular mass index (LVMI), left 
ventricular end-systolic volume index (LVESVI), and left ventricular end-diastolic volume index (LVEDVI), respectively. Serum total 
adiponectin and N-terminal proBNP (NT-proBNP) concentrations were measured at baseline, 3 months, and 12 months.
Methods: We performed a prospective 1:1 observational study comparing KT candidates with ESKD either receiving a living 
donor organ (KT group) or waiting for a deceased donor organ (dialysis group).
Results: Left ventricular mass index change was −1.98 ± 5.5 and −0.36 ± 5.7 g/m2.7 for KT versus dialysis subjects (P = .44). 
Left ventricular mass change was associated with systolic blood pressure (SBP) (P = .0008) and average LV mass (P = .0001). 
Left ventricular ejection fraction did not improve (2.9 ± 6.6 vs 0.7 ± 4.9 %, P = .09), while LVESVI and LVEDVI decreased 
more post-KT than with continued dialysis (−3.36 ± 5.6 vs −0.22 ± 4.4 mL/m2.7, P < .01 and −4.9 ± 8.5 vs −0.3 ± 9.2 mL/
m2.7, P = .02). Both adiponectin (−7.1 ± 11.3 vs −0.11 ± 7.9 µg/mL, P < .0001) and NT-proBNP (−3811 ± 8130 vs 1665 ± 
20013 pg/mL, P < .0001) declined post-KT. Post-KT adiponectin correlated with NT-proBNP (P = .001), but not estimated 
glomerular filtration rate (eGFR) (P = .13). Change in adiponectin did not correlate with change in LVEF in the KT group 
(Spearman ρ = 0.16, P = .31) or dialysis group (Spearman ρ = 0.19, P = .21).
Limitations: Few biomarkers of cardiac function were measured to fully contextualize their role during changing kidney 
function. Limited intrapatient biomarker sampling and CMR measurements precluded constructing dose-response curves of 
biomarkers to LV mass and function. The CMR timing in relation to dialysis was not standardized.
Conclusions: The LVESVI and LVEDVI but not LVMI or LVEF improve post-KT. LVMI and LVEF change is independent of 
renal function and adiponectin. As adiponectin correlates with NT-proBNP post-KT, improved renal function through KT 
restores the normal heart-endocrine axis.

Abrégé 
Contexte: L’imagerie par résonnance magnétique (IRM) cardiaque mesure avec précision et exactitude la masse et la fonction 
du ventricule gauche (VG). L’identification des mécanismes par lesquels la variation de la masse et l’amélioration de la fonction du 
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VG se produisent chez certains patients atteints d’insuffisance rénale terminale (IRT) pourrait contribuer à cibler adéquatement 
les receveurs d’une greffe rénale, en vue d’investiguer et d’intervenir de façon plus poussée. La concentration d’adiponectine 
sérique, un biomarqueur cardiovasculaire, augmente lors d’une défaillance cardiaque, sa production étant rehaussée par le 
peptide natriurétique de type B (BNP), et les concentrations d’adiponectine et de BNP diminuent après la transplantation.
Objectif: Nous avons testé l’hypothèse selon laquelle la greffe rénale modifierait les caractéristiques du VG et que ceci serait 
en lien avec la concentration d’adiponectine sérique.
Type d’étude: Il s’agit d’une étude de cohorte observationnelle et prospective.
Cadre: L’étude a eu lieu dans trois centres de dialyse et de transplantation rénale pour adultes en Ontario (Canada).
Sujets: Un total de 82 candidats à la greffe ont été recrutés (39 patients dans le groupe transplantation rénale [TR] et 43 
sujets dans le groupe de patients dialysés [dialyse]). Les patients en pré-dialyse ont été exclus.
Mesures: Les sujets ont été soumis à une IRM à l’aide d’un scanner pour le corps entier de 1,5 Tesla utilisant une bobine cardiaque 
en réseau phasé et une synchronisation d’images vectographiques rétrospective. La masse du VG, la fraction d’éjection du VG 
(FEVG), le volume télésystolique du VG (VTSVG) et le volume télédiastolique du VG (VTDVG) ont été mesurés par IRM avant la 
greffe et 12 mois post-greffe (n=39) ou 12 mois plus tard si le patient était toujours dialysé (n=43). La masse du VG, le VTSVG et 
le VTDGV ont été indexés pour la taille du patient (m2,7) pour les calculs respectifs de l’indice de masse du VG (IMVG), de l’indice 
de volume télésystolique du VG (IVTSVG) et de l’indice de volume télédiastolique du VG (IVTDVG). Les concentrations sériques 
totales d’adiponectine et de NT-proBNP ont été mesurées au début de l’étude, après 3 mois et après 12 mois.
Méthodologie: Nous avons procédé à une étude observationnelle prospective comparant, dans un rapport d’un pour un 
(1:1), des candidats à la greffe rénale atteints d’IRT qui devaient soit recevoir un rein d’un donneur vivant (groupe de TR), 
soit attendre un organe d’un donneur décédé (groupe de dialyse).
Résultats: Les variations de l’IMVG se situaient à -1,98 ± 5,5 g/m2.7 pour le groupe TR et à -0,36 ± 5,7 g/m2.7 pour le groupe 
dialysé (p=0,44). Les variations dans la masse du VG ont été associées à la pression artérielle systolique (p=0,0008) et à la 
masse moyenne du VG (p=0,0001). La FEVG ne s’est pas améliorée (2,9 ± 6,6 % [TR] contre 0,7 ± 4,9 % [dialyse], p=0.09), 
alors que l’IVTSVG (-3,36 ± 5,6 ml/m2,7 [TR] contre -0,22 ± 4,4 ml/m2,7 [dialyse], p<0,01) et l’IVTDVG (-4,9 ± 8,5 ml/m2,7 
[TR] contre -0,3 ± 9,2 ml/m2,7 [dialyse], p=0.02) ont diminué davantage chez les greffés que chez les patients qui poursuivaient 
la dialyse. L’adiponectine (-7,1 ± 11,3 µg/ml [TR] contre -0,11 ± 7,9 µg/ml [dialyse], p<0,0001) et le NT-proBNP (-3 811 
± 8 130 pg/ml [TR] contre 1 665 ± 20 013 pg/ml [dialyse], p<0,0001) ont diminué après la greffe. Les concentrations 
d’adiponectine post-greffe ont corrélé avec les taux de NT-proBNP (p=0,001), mais pas avec le débit de filtration glomérulaire 
estimé (DFGe) (p=0,13). Les variations dans les taux d’adiponectine n’ont pas corrélé avec les changements observés pour la 
FEVG (coefficient de corrélation des rangs de Spearman = 0,16; p=0,31 [TR] et 0,19; p=0,21 [dialyse]).
Limites de l’étude: Trop peu de biomarqueurs de la fonction cardiaque ont été mesurés pour permettre de contextualiser 
pleinement leur rôle lors d’un changement dans la fonction rénale. L’échantillonnage limité de biomarqueurs intra-patients de 
même que le faible nombre de mesures d’IRM ont empêché l’établissement de courbes dose-réponse des biomarqueurs pour 
la masse et la fonction du VG. Enfin, la synchronisation de l’IRM par rapport à la dialyse n’était pas standardisée.
Conclusion: Contrairement à l’IMVG et à la FEVG, l’IVTSVG et l’IVTDVG se sont améliorés après la greffe rénale. Les 
variations observées pour l’IMVG et la FEVG sont indépendantes de la fonction rénale et de la concentration sérique 
d’adiponectine. Étant donné que l’adiponectine corrèle avec le NT-proBNP post-greffe, l’amélioration de la fonction rénale 
par la greffe rétablit l’axe normal cœur-système endocrinien.
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What was known before

Left ventricular (LV) mass change and functional improve-
ment occur in some adult chronic kidney disease (CKD) 
patients after kidney transplant (KT), but these changes are 
not demonstrable by cardiac magnetic resonance (CMR) 
imaging. Serum adiponectin concentrations are high in end-
stage kidney disease (ESKD) and decline after KT.

What this adds

Left ventricular end-systolic volume index (LVESVI) and 
left ventricular end-diastolic volume index (LVEDVI) but 
not left ventricular mass index (LVMI) or left ventricular 
ejection fraction (LVEF), as measured by CMR, improve 
post-KT. LVMI change and LVEF change do not relate to 
adiponectin change, and adiponectin correlates with 
N-terminal pro-B-type natriuretic peptide (NT-proBNP) only 
after KT, indicating that the heart-endocrine axis requires 
adequate kidney function.

Introduction

Progressive chronic kidney disease (CKD) associates with 
cardiovascular disease including death, cardiovascular 
events, and hospitalization.1,2 Kidney transplant (KT) can-
didates with end-stage kidney disease (ESKD) are at 
increased risk of cardiovascular events,3 and this risk 
extends to the post-KT phase of CKD4 even though suc-
cessful KT attenuates overall cardiovascular risk.5 
Traditional cardiovascular risk factors only partially explain 
posttransplant cardiovascular disease.6 Mechanistic studies 
of altered cardiovascular risk are required when kidney 
function either declines, such as in the case of progressive 
CKD, or improves, such as after KT.

Among the measurable nontraditional cardiovascular risk 
factors, left ventricular hypertrophy (LVH) predisposes to 
mortality in dialysis populations.7 Whether LVH regresses 
after KT is controversial; echocardiographic studies indicate 
improved left ventricular (LV) parameters,8,9 while cardiac 
magnetic resonance (CMR) imaging studies do not.10 Yet 
CMR is more advantageous than echocardiography at assess-
ing the LV in CKD because it provides greater detail of car-
diac structure and affords less volume-dependent 
measurements.10,11 Mechanistic studies of LV changes in 
CKD therefore require CMR measurements for greater accu-
racy and precision. Moreover, both favorable and unfavor-
able LV changes occur in only a subset of CKD patients. 
Identifying mechanisms by which LV mass change and func-
tional improvement occur in some but not all CKD patients 
may help to appropriately target KT recipients for further 
investigation and intervention, toward which CMR provides 
an essential accompanying tool.

Known determinants of LV mass in dialysis patients 
include LV end-diastolic volume (LVEDV) and predialysis 

blood pressure (BP).11,12 Although hypertrophy occurs ini-
tially, prolonged pressure or volume overload predisposes to 
congestive heart failure through ventricular wall thinning 
and chamber dilation.13 Cardiovascular biomarkers are often 
studied in stable dialysis patients,11,14 but biomarker changes 
associated with changing renal function and changing car-
diac morphology are studied only occasionally.10,12 
Adiponectin, which is a protein secreted specifically from 
adipose tissue, is positively associated with endothelium-
independent vasodilation,15 anti-inflammatory activity,16 and 
protection from myocardial ischemia17 Adiponectin exerts 
cardioprotective effects under stress conditions, mediated 
through the T-cadherin receptor.18 However, the role of adi-
ponectin in determining LV morphology and function in 
CKD remains unknown. Adiponectin negatively correlates 
with LV mass index (LVMI) in obese subjects19 and corre-
lates with both LV mass and LV wall thickness in healthy 
adults20 Serum adiponectin concentration increases in car-
diac failure, its production being enhanced by B-type natri-
uretic peptide (BNP),21 and so adiponectin is a candidate for 
the heart-adipose tissue endocrine pathway.22,23 Both adipo-
nectin24,25 and N-terminal proBNP (NT-proBNP) concentra-
tions26 decline after KT. Taken together, adiponectin and 
NT-proBNP concentrations combined with CMR measure-
ments may provide mechanistic insights into LV remodeling 
and altered LV function on the basis of altered kidney func-
tion resulting from KT.

The objectives of this prospective observational study, 
therefore, were to associate changes in LV mass and function 
with changes in serum adiponectin and NT-proBNP concen-
trations, as well as to evaluate the effect of KT on CMR-
assessed cardiac structure and function.

Materials and Methods

Patient Population and Sample Size Calculation

Adult patients (18-75 years old) on hemodialysis or perito-
neal dialysis being considered for single-organ KT were 
recruited at the time of their pretransplant assessment from 3 
academic dialysis and KT centers in Ontario, Canada: St. 
Michael’s Hospital (lead site), Toronto General Hospital, and 
London Health Sciences Centre. Predialysis patients were 
excluded even if deemed eligible for KT. Patients were 
recruited to one of 2 groups depending on their availability 
of a potential living kidney donor. The KT group consisted of 
dialysis patients expected to receive a living donor KT within 
2 months; the dialysis group consisted of patients without 
identified living donors and therefore not expected to receive 
a transplant for the next 24 months based on current Ontario 
waiting times. Cardiac magnetic resonance was performed at 
recruitment in both groups (baseline), and then repeated 12 
months post-KT in the case of the KT group or 12 months 
after the first measurement in the case of the dialysis group. 
Immunosuppression for the KT group was not prespecified, 
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other than an intention to reduce prednisone to 5 mg/d or less 
within 2 months. In the event a patient in the dialysis group 
unexpectedly received a KT within 12 months, the second 
CMR was performed 12 months post-KT. The required sam-
ple size of 35 patients per group was estimated based on the 
ability to detect a significant change in adiponectin concen-
trations of 5 µg/mL post-KT25 at 90% power, 2-sided P < 
.05. To allow for a 20% attrition rate between CMR measure-
ments, recruitment was increased to 42 patients per group.

Patients were excluded from the study if perceived by site 
investigator opinion to be at high immunological risk or 
unlikely to ever receive a transplant, or had uncontrolled 
hypertension when assessed, in which case enrollment was 
delayed until BP was controlled. Besides predialysis patients, 
recruitment exclusions were invoked for an acute coronary 
syndrome or coronary revascularization procedure (percuta-
neous coronary intervention, coronary bypass surgery) 
within the past 6 months, severe heart failure (defined as 
New York Heart Association functional class IV), chronic 
atrial fibrillation, or presence of a pacemaker/implantable 
cardiac defibrillator. Pregnant patients or those with a 
declared intention to pursue pregnancy within 12 months, 
along with those with cachexia (body mass index [BMI] <18 
kg/m2), morbid obesity (BMI >35 kg/m2), or claustrophobia, 
were excluded.

CMR Procedure

Patients underwent CMR with a 1.5-tesla whole-body mag-
netic resonance scanner (Intera; Philips Medical Systems, 
Best, The Netherlands) using a phased-array cardiac coil and 
retrospective vectorographic gating. The CMR was per-
formed postdialysis (if on hemodialysis) whenever possible 
to minimize intravascular volume. Cardiac magnetic reso-
nance images were typically acquired during breath-holds in 
end-expiration with the patient supine, and 8 to 12 contigu-
ous short-axis cine images to cover the entire left ventricle 
were obtained. Segmented, balanced, steady-state free-pre-
cession imaging sequence was used. Typical imaging param-
eters were the following: repetition time, 4 ms; echo time, 2 
ms; slice thickness, 8 mm; field of view, 30-34 cm × 30-34 
cm; matrix size, 256 × 196; temporal resolution, <40 ms; 
and flip angle, 50°. All images were reviewed by a cardiac 
imager (ATY) blinded to patient group. Image processing 
was performed offline using commercial software (CVi42 
Circle Cardiovascular Imaging, Calgary, Canada), with man-
ual tracing of endocardial borders at end diastole and end 
systole using short-axis cine images. Endocardial and epicar-
dial borders in contiguous short-axis slices at end diastole 
were traced and the difference in area was then multiplied by 
slice thickness and myocardial density and summed to calcu-
late LV mass. Papillary muscles were excluded. The LV 
mass, left ventricular end-diastolic volume (LVEDV), and 
left ventricular end-systolic volume (LVESV) were normal-
ized (indexed) by dividing their value to height in meters 

powered to 2.7.27 Left ventricular ejection fraction (LVEF) 
was not indexed.

CMR outcome measures included change in left ventricu-
lar mass index (LVMI), LVEF, left ventricular end-systolic 
volume index (LVESVI), and left ventricular end-diastolic 
volume index (LVEDVI) from pre-KT to 12 months post-
KT, or 12 months later while still on dialysis, depending on 
group.

Adiponectin and B-Natriuretic Peptide 
Measurements

Total adiponectin concentration was measured using the 
Meso Scale Discovery Human Adiponectin kit #K151BXC-2 
immunoassay (Meso Scale Diagnostics, Rockville, Maryland) 
and calibrated to the Millipore enzyme-linked immunosor-
bent assay (Kit #EZHADP-61-K; Millipore, St. Charles, MO, 
USA). The adiponectin assay had a between-day coefficient 
of variation of 13.4% and 13.3% at values of 8.8 and 21 µg/
mL, respectively. N-terminal proBNP was measured using 
the Roche Cobas 6000 601e assay (Mississauga, ON, 
Canada). Both adiponectin and NT-proBNP concentrations 
were additionally measured 3 months posttransplant or 3 
months postbaseline to confirm intra-patient consistency and 
assay reliability.

Biochemical measures included change in serum adipo-
nectin and NT-proBNP concentrations from pre-KT to 12 
months post-KT or 12 months later while still on dialysis, 
depending on group, with an added measure at 3 months 
post-KT to ensure intrapatient assay reliability. Demographic, 
anthropometric, and laboratory measures, as well as cardio-
protective medication use, were also collected at baseline 
and 12 months.

Statistical Analysis

CMR-measured changes depend on spaced measurements 
and were therefore not analyzed by an intent-to-treat 
method, to correctly account for the ESKD condition 
(post-KT or dialysis) under which the second measure-
ment was performed. Between-group comparisons were 
made by the unpaired Student t test, Wilcoxon rank sum 
test, Fisher exact test, or chi-square analysis as appropri-
ate. Ranked variables were examined using the Spearman 
rank-order correlation (ρ). Correlation of the change in 
(month 12 minus baseline) and the average of month 12 
and baseline LV values was performed as described by 
Oldham28 to accurately account for regression to the mean 
seen with high baseline values in chronic disease condi-
tions. A 2-tailed value of P < .05 was considered signifi-
cant for all analyses. SAS version 9.4 (Cary, NC, USA) 
was the statistical software used in all analyses. Graphs 
were plotted using GraphPad Prism 6.0.

The study was approved by the Research Ethics Board at 
St. Michael’s Hospital (REB 10-239) and by the ethics 
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boards at the collaborating sites. All subjects provided writ-
ten informed consent. The work described has been carried 
out in accordance with The Code of Ethics of the World 
Medical Association (Declaration of Helsinki) for experi-
ments involving humans.

Results

Recruitment, Baseline Characteristics, and Study 
Completion

A total of 39 subjects were recruited to the KT group and 43 
patients to the dialysis group after providing informed con-
sent. Among these, 37 and 41 subjects, respectively, com-
pleted the study including both CMR assessments, for an 
overall study retention rate of 95%. The baseline characteris-
tics of the KT and dialysis groups are provided in Table 1. 
Demographic differences of age, ethnicity, and cause of kid-
ney failure between the transplant and dialysis groups reflect 
differences between recipients with living donors and those 
without living donors. However, there were no differences 
seen in prior cardiovascular disease burden or cardiovascular 
risk factor–modifying therapies. Reasons for noncompletion 
of the study (N = 4) included primary graft failure in the 
transplant group (N = 2) and reluctance to undergo a second 
CMR procedure, also in the transplant group (N = 2). Two 
patients crossed over from the dialysis to the transplant group 
by receiving a deceased donor KT sooner than expected. The 
2 patients with KT failure did not cross over to the dialysis 
group for analysis due to study noncompletion. No patients 
experienced major adverse cardiac events between CMR 
measurements. Median inter-CMR scan interval was 371 
days in the transplant group and 364 days in the dialysis 
group. Most subjects (>90%) on peritoneal dialysis were 
empty at the time of CMR. However, for pragmatic reasons, 
only 56% of subjects on hemodialysis underwent CMR on 
their nondialysis day.

Month 12 Characteristics

At 12 months, the serum creatinine in the KT group was 140 
± 117 µmol/L (range: 76-631 µmol/L). Compared with the 
dialysis group, the KT group demonstrated a lower serum 
parathyroid hormone (16 ± 19 vs 48 ± 41 pmol/L, P < 
.001) and phosphate concentration (0.9 ± 0.2 vs 1.5 ± 0.5 
mmol/L, P < .0001), as well as a higher serum albumin con-
centration (43 ± 3 vs 41 ± 4 g/L, P = .003). There were, 
however, no significant differences between the KT and dial-
ysis groups in body weight (82 ± 15 vs 74 ± 17 kg, P = 
.06), systolic BP (125±17 vs 134±28 mm Hg, P = .07), 
diastolic BP (78 ± 11 vs 78 ± 12 mm Hg, P = .77), or serum 
total cholesterol concentration (4.4 ± 1.2 vs 3.9 ± 1.1 
mmol/L, P = .06). At 12 months, there was also greater use 
of angiotensin II receptor blockers (92% vs 70%, P = .01) 
and statins (50% vs 19%, P = .003) in the KT group 

compared with the dialysis group. Immunosuppression 
administered to the KT group consisted of tacrolimus in 
71%, cyclosporine in 28%, mycophenolic acid or mycophe-
nolate mofetil in 88%, and prednisone in 97%. One patient 
received sirolimus. All KT recipients received induction 
therapy with either basiliximab or thymoglobulin.

Determinants of LVMI

The change in LVMI for each subject in the 2 groups is 
shown in Figure 1. Baseline LVMI was significantly associ-
ated with baseline SBP (P = .0006) although not with 
recruitment status to KT or dialysis group (P = .50). LVMI 
at 12 months was similarly associated with SBP (P < .0001), 
but not concurrent KT status (P = .74). Similarly, baseline 
LVMI was associated with baseline SBP (P < 0.0001), but 
not recruitment group (P = .76). At month 12, SBP (P < 
.0001) remained significantly associated with LVMI, but KT 
status was again not associated with LVMI (P = 0.68). Thus, 
KT did not result in detectable LV mass changes even after 
indexing, and SBP remained the important determinant of 
LVMI regardless of KT status.

Change in SBP correlated with change in LVMI in both 
the KT and dialysis groups (ρ = 0.54, P = .0008; ρ = .36, P 
= .019, respectively) (Figure 2). Change in DBP also corre-
lated with change in LVMI for both KT and dialysis groups 
(ρ = 0.38, P = .024 and ρ = 0.53, P = .0004, respec-
tively). By regression analysis, in the KT group the average 
LV mass explained 29% and SBP change 23% of the vari-
ance in change in LVMI (P < .001 for each). In the dialysis 
group, change in SBP explained 21% of variance of change 
in LVMI (P = 0.002), whereas average LVMI was not a sig-
nificant contributor (P = .92).

Correlation of the change in LVMI with average LVMI, 
instead of with baseline LVMI to avoid the phenomenon of 
regression to the mean,28 demonstrated a strong negative 
relationship in the KT group (ρ = −0.55, P = .0001), but not 
in the dialysis group (ρ = −0.08, P = .60) (Figure 3). In the 
KT group, the slope of the straight line fit was −0.49, with r2 
of 0.31, by which an average LV mass of 104 g would result 
in zero change in LV mass. In sum, improved renal function 
in the form of KT unmasks the relationship between initial 
LVMI and LVMI change, whereby subjects with the largest 
average LV mass experience the greatest decrease in LVMI, 
while subjects having the smallest average mass may even 
experience an increase in LVMI.

Other LV Changes

In addition to LV mass, LVESV and LVEDV values (both 
indexed and nonindexed) and LVEF for the transplant and 
dialysis groups are shown in Table 2. Baseline LV mass and 
LVEF were not different between the 2 groups. LVESVI was 
marginally greater in the transplant group at baseline. 
Similarly, month 12 LVMI and LVEF were not different 
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between the groups. Both LVESVI and LVEDVI decreased 
after KT, abolishing possible baseline group differences. 
LVEF increased more in the KT group than in the dialysis 
group, but not significantly so (Figure 1, Table 2). By con-
trast, the decrease in LVESVI and LVEDVI was significantly 
greater in the KT group than in the dialysis group (Table 3).

Role of Adiponectin and NT-proBNP in LV 
Change

Serum adiponectin concentrations did not differ between the 
KT and dialysis groups at baseline, but at 12 months serum 
adiponectin concentration was significantly lower in the  

Table 1. Demographic and Baseline Characteristics of Patients in the Transplant Group (N = 39) and Dialysis Group (N = 43).

Transplant (N = 39) Dialysis (N = 43) P value

Age (y) 46.5 ± 12.4
(20.9-65.8)

55.5 ± 11
(21-71.5)

.0003

Gender (M/F) 27/12 31/12  
Race
 Caucasian 23 11 .0003
 Black 4 5 .96
 East Asian 3 11 .07
 South Asian 3 16 .73
 Others 5 9 .43
Cause of end-stage kidney disease
 Diabetes 9 18 .15
 Hypertension 1 6 .09
 Glomerulonephritis 7 14 .23
 Polycystic kidneys 10 2 .0004
 Interstitial nephritis 3 1 .22
 Congenital anomalies 3 2 .39
 Others/unknown 2 1 .41
 Current smoking 2 4 .99
Dialysis modality .37
 Hemodialysis 27 31  
 Peritoneal dialysis 12 12  
Height (m) 1.71 ± 0.09

(1.54-1.92)
1.68 ± 0.09
(1.52-2.01)

.11

Postdialysis weight (kg) 71.8 ± 16.2
(45.5-103)

74.3 ± 17.7
(50-128.5)

.55

Waist-hip ratio 0.93 ± 0.09
(0.73-1.11)

0.94 ± 0.07
(0.81-1.14)

.66

Body mass index (kg/m2) 30 ± 4.6
(17.5-36.8)

26.8 ± 4.9
(19.5-36.1)

.45

Systolic blood pressure (mm Hg) 129.4 ± 18.1
(75.5-161.5)

129.9 ± 28.9
(87.5-166.8)

.93

Diastolic blood pressure (mm Hg) 81.2 ± 11.9
(54-104.5)

77.6 ± 12.9
(55-110.5)

.21

Number of antihypertensive medications 2.3 ± 1.7 (0-7) 2.2 ± 1.6 (0-7) .62
Serum parathyroid hormone (pmol/mL) 52.3 ± 48.1

(1.8-241.8)
43.4 ± 31.8

(1.8-114)
.36

High-sensitivity C-reactive protein (ng/mL) 3.4 ± 4.9 (0.3-24.4) 6.6 ± 9.4 (0.2-49.2) .07
Hemoglobin (g/L) 117 ± 16

(67-147)
116 ± 14.9

(91-145)
.79

Prior myocardial infarction (yes/no) 2 (5%)/37 (95%) 4 (9.3%)/39 (90.7%) .68
Prior coronary revascularization (yes/no) 4 (10%)/35(90%) 4 (9.3%)/39 (90.7%) 1.00
ACE inhibitor (yes [%]/no [%]) 10 (25.6)/29 (74.4) 11 (25.6)/32 (74.4) 1.00
Angiotensin II receptor blocker (yes [%]/no [%]) 11 (28.2)/28 (71.8) 14 (32.6)/29 (67.4) .81
β blocker (yes [%]/no [%]) 21 (54)/18 (46) 21 (48.8)/22 (51.2) .67
Calcium channel blocker (yes [%]/no [%]) 24(61.5)/15(38.5) 17(39.5)/26(60.5) .07

Note. ACE = angiotensin-converting-enzyme.
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KT group compared with the dialysis group (Table 2)  
(P = .04). Serum adiponectin concentration decreased signifi-
cantly in the KT group while remaining unchanged in the 
dialysis group (Table 3, Figure 4). Similar to the case with 

adiponectin, serum NT-proBNP concentration did not differ 
between the KT and dialysis subjects at baseline but was lower 
in the KT group at 12 months (Table 3), showing a greater 
decrease in the KT group (Table 2, Figure 5). There were no 

Figure 1. Change in LVMI and LV ejection fraction for each subject in the transplant and dialysis groups.
Note. LVMI = left ventricular mass index; LV = left ventricular.

Figure 2. Relationship between change in systolic blood pressure (mm Hg) and change in LVMI in the transplant and dialysis groups.
Note. LVMI = left ventricular mass index; SBP = systolic blood pressure.
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differences between the 3-month and 12-month serum adipo-
nectin and NT-proBNP concentrations (Figures 4 and 5).

Serum adiponectin concentration correlated with 
NT-proBNP concentration at 12 months post-KT (P = .001), 
but not with estimated glomerular filtration rate (eGFR)  
(P = .13). Serum adiponectin concentration, however, did 
not correlate with serum NT-proBNP concentration in dialy-
sis subjects (P = .50), indicating that the relationship of adi-
ponectin to NT-proBNP is masked by ESKD.

The change in serum adiponectin concentration did not 
correlate with change in LVMI in either KT or dialysis sub-
jects (ρ = 0.14, P = 0.14; ρ = 0.11, P = .48, respectively). 
Serum NT-proBNP change also did not correlate with change 
in LVMI for the transplant group (ρ = 0.20, P = .24) although 
a correlation with LVMI was seen for the dialysis group (ρ = 
0.57, P = .0001). In both the KT and dialysis groups, change 
in adiponectin concentration did not correlate with change in 
LVEF (ρ = 0.02, P = 0.87; ρ = −0.22, P = .15). Moreover, 

Figure 3. Relationship between change in LVMI and average of baseline and month 12 LVMI in the transplant and dialysis groups.
Note. LVMI = left ventricular mass index.

Table 2. Baseline and 12-Month Cardiac Magnetic Resonance (CMR) Imaging and Biochemical Measurements.

Baseline 12 Months

 

Transplant (N = 38)
Mean ± SD

(range)

Dialysis (N = 42)
Mean ± SD

(range)
P 

value

Transplant  
(N = 38)

Mean ± SD
(range)

Dialysis (N = 42)
Mean ± SD

(range) P value

LV mass, g 128.9 ± 44.6
(65-233)

125.2 ± 45.1
(69-287)

.65 119.4 ± 28
(72-186)

123 ± 48.7
(61-265)

.47

LV ejection fraction, % 57.4 ± 6.4
(40-71)

59.8 ± 6.4
(41-70)

.07 60.6 ± 6.9
(41-73)

60.6 ± 5.5
(49-69)

.90

LV end-systolic volume, 
mL

77.5 ± 29
(34-166)

65.1 ± 26.7
(24-142)

.04 62.9 ± 19.4
(35-110)

64 ± 27.7
(29-152)

.60

LV end-diastolic volume, 
mL

179.5 ± 50.7
(78-314)

159.9 ± 55
(79-353)

.04 158.5 ± 33.3
(97-233)

160.9±58.3
(76-344)

.58

LV mass, g/m2.7 29.8 ± 8.4
(14-49.9)

30.2 ± 8.7
(18.1-58.7)

.86 27.8 ± 5.5
(17.5-39)

29.7 ± 9.3
(15.8-58)

.7

LV end-systolic volume, 
mL/m2.7

18 ± 6.3
(7.6-43.6)

15.7 ± 5.3
(7-34.8)

.046 14.6 ± 3.9
(8.8-27.1)

15.4 ± 5.5
(7.9-33.3)

.69

LV end-diastolic volume, 
mL/m2.7

41.9 ± 10.4
(17.5-73)

38.6 ± 9.6
(22.9-65.7)

.11 37 ± 7
(25.9-61.3)

39 ± 10.9
(20.2-72.3)

.53

Serum adiponectin 
concentration, µg/mL

22.6 ± 11.3 
(8.3-65.8)

22 ± 12.7 
(1.5-51.8)

.81 16.0 ± 8.6 
(3.9-38.2)

22.1 ± 14.4
(1.7-67.9)

.04

Serum NT-proBNP 
concentration, pg/mL

4059.04 ± 8592.89
(254.4-40 914)

6541.35 ± 16270.52
(92-78 680)

.8 404.51 ± 1232.13
(16.44-7511)

7995.78 ± 17824.34
(123-95 250)

<.0001

Note. LV = left ventricular; NT-proBNP = N-terminal pro-B-type natriuretic peptide.
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in both the KT and dialysis groups, change in serum adipo-
nectin concentration did not correlate with either change in 
LVESVI (ρ = 0.16, P = .31; ρ = 0.19, P = .21, respectively) 
or change in LVEDVI (ρ = 0.30, P = .07; ρ = −0.003, P = 
.98, respectively). Change in NT-proBNP concentration also 
did not correlate with change in LVMI in the KT group or 
dialysis group (ρ = 0.20, P = .24; ρ = −0.07, P = .65) or 

change in LVEF in the KT group (ρ = −0.12. P = .47). On the 
contrary, change in NT-proBNP concentration correlated with 
change in LVMI in the dialysis group (ρ = 0.57, P = .0001) 
and with both change in LVESVI (ρ = 0.47, P = .004; rho 
=0.48, P = .001, respectively) and change in LVEDVI (ρ = 
0.47, P = 0.003; ρ = 0.49, P = .001, respectively) in both the 
KT and dialysis groups.

Table 3. Change in Cardiac Magnetic Resonance (CMR) Imaging and Biochemical Measurements Over 12 Months.

Transplant Dialysis P- value

Change in LV mass, g −9.68 ± 25.5
(−85 to 32)

−0.97 ± 26.1
–56.3 to 84.9

.36

Change LV ejection fraction, % 2.9 ± 6.6
(−9.0 to 19)

0.7 ± 4.9
(−8.0 to 16.2)

.096

Change in LV systolic volume, mL −14.6 ± 22.9
(−85 to 27)

−1.02 ± 18.2
(−39.4 to 55.8)

.008

Change in LV diastolic volume, mL −21.23 ± 37.0
(−125 to 44.5)

0.84 ± 38.3
(−126.3 to 109)

.016

Change in LV mass, g/m2.7 −1.98 ± 5.5
(−16.1 to 7.8)

−0.36 ± 5.7
(−11.5 to 19.9)

.44

Change in LV end-systolic volume, mL/m2.7 −3.36 ± 5.6
(−24.9 to 7.1)

−0.22 ± 4.4
(−8.3 to 13.1)

.009

Change in LV end-diastolic volume, mL/m2.7 −4.9 ± 8.5
(−27.4 to 10)

0.3 ± 9.2
(−27.7 to 25.6)

.022

Change in systolic blood pressure, mm Hg −4.4 ± 20.3
(−47.5 to 42)

3.3 ± 26.8
(−60 to 84)

.17

Change in diastolic blood pressure, mm Hg −1.8 ± 10.8
(−24.5 to 18.5)

−0.45 ± 12.7
(−35.5 to 32.5)

.51

Change in pulse rate, beats/min −1.86 ± 12.5
(−27.5 to 19.5)

−1.23 ± 13.2
(−37.5 to 23.5)

.85

Change in adiponectin concentration, µg/mL −7.1 ± 11.3
(−37.3 to 25.8)

−0.11 ± 7.9
(−21.1 to 35.8)

<.0001

Change in NT-proBNP concentration, pg/mL −3811.72 ± 8130.7
(−40 745 to −10)

1665.28 ± 20 013.1
(−71 389 to 63 050)

<.0001

Note. LV = left ventricular; NT-proBNP = N-terminal pro-B-type natriuretic peptide.

Figure 4. Serum adiponectin concentrations at baseline, 3 months, and 12 months in the transplant and dialysis groups.
Note. Plots show median, 25th to 75th percentiles; whiskers show 10th to 90th percentiles.
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No sex-based or ethnicity-based differences were present 
in all analyses.

Discussion

In this prospective observational study, we hypothesized that 
improved renal function in patients with ESKD associates 
with change in LV mass and function, and that this change 
relates to the expected change in serum adiponectin concen-
tration. We demonstrated that both LVMI and LVEF do not 
significantly improve after KT, but improved renal function 
through KT unmasks the relationship between initial LVMI 
and subsequent LVMI change. Both SBP and DBP determine 
LVMI both before and after KT. Unlike with LVMI and 
LVEF however, we showed for the first time using CMR that 
both LVESVI and LVEDVI significantly improve after KT 
in adults. In addition, both serum adiponectin and serum 
NT-proBNP concentrations decrease after KT and correlate 
with each other only after KT. Change in serum adiponectin 
concentration does not correlate with change in LVMI, 
LVEF, LVESVI, or LVEDVI either before or after KT. On 
the contrary, change in serum NT-proBNP concentration cor-
relates with change in both LVESVI and LVEDVI, both 
before and after KT.

The current study is the first to show that adiponectin does 
not significantly determine LV mass or function in kidney 
disease populations. Serum adiponectin concentrations vary 
significantly in patients on dialysis, but are lower in most 
patients after KT. Serum adiponectin concentrations corre-
late with NT-proBNP concentrations after KT, which is a 
finding consistent with an endocrine function for the heart 
that requires adequate renal function for its expression. 
Adiponectin modulates glucose uptake and fatty acid oxida-
tion via adenosine monophosphate (AMP)–activated protein 

kinase–dependent signaling pathways, through T-cadherin 
and other receptors.29 Thus, adipose tissue has a dual 
response, both in mobilizing fatty acid and in improving 
insulin sensitivity and glucose utilization. High adiponectin 
concentration is therefore normally beneficial. Adipocytes 
produce adiponectin, in response to natriuretic peptides,21 
which returns to the heart to exert its beneficial effects on 
cardiac myocytes. NT-proBNP, an established marker of car-
diac function, is itself cleared primarily by the kidneys.30 The 
extreme elevations of adiponectin in kidney disease should 
not be considered as a uremic toxin, 31 but rather may repre-
sent saturation of the normal physiologic response.

CMR is currently the best available technique to provide 
accurate and reproducible measurements of LV mass, 32 
which unlike 2-dimensional echocardiography provides less 
volume-dependent measurement of cardiac structure and 
avoids the overestimation of LV mass resulting from LVH 
and distorted ventricular geometry33 Unlike a previous CMR 
study of LV changes resulting from KT in adults,10 we dem-
onstrated improved LV volume but not mass or function after 
KT. Our unique result may derive from some combination 
among an increased sample size by 50%, differing CMR 
technology, or, most likely, an adjustment of LV parameters 
using a gender-specific method. Improved LV parameters by 
CMR have been demonstrated previously in children,34 indi-
cating that gender adjustment assumes particular importance 
in adults. Currently employed index adjustments may not 
apply to women or mixed cohorts. Improved renal functional 
replacement can be provided and CMR changes detected by 
means other than KT, such as nocturnal hemodialysis,35 so it 
should not be surprising that improved renal function corre-
sponds to at least some improved LV parameters, despite the 
known limitations of observations derived from echocardio-
graphic studies.7-9,36

Figure 5. Serum N-terminal pro B-type natriuretic peptide (NT-proBNP) concentrations at baseline, 3 months, and 12 months in the 
transplant and dialysis groups.
Note. Plots show median, 25th to 75th percentiles; whiskers show 10th to 90th percentiles. NT-proBNP = N-terminal pro-B-type natriuretic peptide.
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A relationship between LV mass and SBP is well established, 
and so ESKD patients should be unexceptional in this respect. 
SBP strongly predicts LVH in ESKD.11,37 As the predictive 
value of SBP persists after KT, the effect of SBP on LV mass is 
clearly independent of renal function. Therefore, SBP should 
remain a therapeutic target in all patients with ESKD with the 
goal of cardiovascular risk reduction, keeping in mind that LV 
disorders associate with both cardiovascular disease7 and mor-
tality38 in ESKD patients. Factors relating BP to LV mass are 
shared between dialysis and transplant subjects, but the net ben-
efit of KT on cardiovascular risk profiles probably relates both 
independently and proportionately to absolute LV mass.

Our demonstration that the serum adiponectin concentration 
declines after KT is in keeping with previous analyses,25,39 but 
we additionally demonstrated that the relationship of serum adi-
ponectin concentration with serum NT-proBNP concentration is 
unmasked by restored renal function. Restoration of renal func-
tion contributes to change in LV mass, but as adiponectin change 
does not correspond to LV mass change when renal function is 
restored, lowered adiponectin may either not locate on the 
causal pathway to LVH regression or any effect it has may be 
masked by a much stronger effect of BP on LV mass. The pres-
ent study is limited in its analysis of few biomarkers of cardiac 
function and serves only to contextualize the cardiac role of adi-
ponectin and NT-proBNP to changing kidney function. The 
study also does not account for other variables introduced after 
KT, such as prednisone therapy. It is also unlikely that the higher 
rate of use of angiotensin II receptor blockers and statins at 12 
months posttransplant affected any of the CMR results in this 
short-term study.

A high serum adiponectin concentration in CKD is a protec-
tive response to vascular damage,40 even though a high serum 
adiponectin concentration associates with sudden death and 
combined cardiovascular event rates in hemodialysis patients,41 
as well as those with heart failure.42 Most adiponectin change 
can therefore be attributed to change in renal function and intra-
vascular volume, for which NT-proBNP is a useful surrogate 
because NT-proBNP strongly associates with both LVH and LV 
systolic function in CKD.43 Up to three-quarters of patients with 
CKD have LVH at dialysis initiation.44 Therefore, the present 
study indicates that adiponectin more likely serves a cardiopro-
tective role in states of reduced renal function including ESKD, 
but assumes relatively less importance for such cardioprotection 
with improved renal function, as occurs after KT. Reduced adi-
ponectin importance post-KT is compatible with the finding that 
a lower serum adiponectin concentration corresponds to lower 
cardiovascular risk in otherwise healthy subjects.45

In summary, KT improves LVESVI and LVEDVI in 
patients with ESKD. BP primarily determines LVMI in both 
KT and dialysis patients. The LVMI declines the most in 
ESKD patients with the highest pre-KT LVMI. Further 
mechanistic studies of cardiovascular risk reduction in 
ESKD using biomarker-related or other methods will require 
CMR measurements of heart structure and function to ensure 

both accuracy and precision. Although adiponectin may sim-
ply accumulate in ESKD, it probably serves some cardiopro-
tective role similar to that seen in other populations, but this 
beneficial effect of adiponectin is masked by the ESKD envi-
ronment. As serum adiponectin and NT-proBNP concentra-
tions correlate in KT patients but not in dialysis patients, 
restoring adequate renal function through transplantation 
restores at least in part the normal endocrine function of the 
heart involving adiponectin and NT-proBNP.
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