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Introduction: We hypothesized that post transplantation anaemia and persistent secondary 
hyperparathyroidism are potential determinants of diastolic function in stable kidney transplant 
recipients.
Methods: We assessed traditional and non-traditional cardiovascular risk factors and deter-
mined carotid artery intima-media thickness and plaque by ultrasound, arterial function by 
applanation tonometry using SphygmoCor software and diastolic function by echocardio-
graphy in 43 kidney transplant recipients with a transplant duration of ≥6 months, no acute 
rejection and a glomerular filtration rate of ≥15 mL/min/1.73m2.
Results: Mean (SD; range) transplant duration was 12.3 (8.0; 0.5–33.8) years. Post transplantation 
anaemia and persistent secondary hyperparathyroidism were identified in 27.9% and 30.8% of the 
patients, respectively; 67.5% of the participants were overweight or obese. In established con-
founder adjusted analysis, haemoglobin (partial R=−0.394, p=0.01) and parathyroid hormone 
concentrations (partial R=0.382, p=0.02) were associated with E/e’. In multivariable analysis, 
haemoglobin (partial R=−0.278, p=0.01) and parathyroid levels (partial R=0.324, p=0.04) were 
independently associated with E/e’. Waist–height ratio (partial R=−0.526, p=0.001 and partial R= 
−0.355, p=0.03), waist circumference (partial R=−0.433, p=0.008 and partial R=−0.393, p=0.02) 
and body mass index (partial R=−0.332, p=0.04 and partial R=−0.489, p=0.002) were associated 
with both e’ and E/A, respectively, in established confounder adjusted analysis. The haemoglobin- 
E/e’ (partial R=−0.422, p=0.02), parathyroid hormone-E/e’ (partial R=0.434, p=0.03), waist–height 
ratio-e’ (partial R=−0.497, p=0.007) and body mass index-E/A (partial R=−0.386, p=0.04) relation-
ships remained consistent after additional adjustment for left ventricular mass index and cardiac 
preload and afterload measures.
Conclusion: Haemoglobin and parathyroid hormone concentrations as well as adiposity 
measures are independently associated with diastolic function in kidney transplant recipients. 
Whether adequate management of post transplantation anaemia, persistent secondary hyper-
parathyroidism and excess adiposity can prevent the development of heart failure with 
preserved ejection fraction in kidney transplant recipients merits further investigation.
Keywords: haemoglobin, parathyroid hormone, obesity, diastolic function, kidney 
transplantation

Introduction
Among patients with end-stage kidney disease (ESRD), kidney transplant recipients 
experience a markedly better quality of life and reduced mortality rates compared to 
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those treated with ongoing dialysis.1,2 Also, cardiovascular 
disease risk is increased 10- to 20-fold in dialysis patients 
as compared to 3- to 5-fold in kidney transplant 
recipients.1

Impaired diastolic function together with left ventricular 
hypertrophy and pronounced fibrosis comprise the most 
characteristic cardiac abnormalities in chronic kidney disease 
(CKD) patients.3 Impaired diastolic function generally 
results from reduced left ventricular active relaxation and 
increased left ventricular stiffness.3,4 Left ventricular stiffen-
ing is mediated by fibrosis and causes increased cardiac 
filling pressures through impaired passive relaxation.3,4

A functioning allograft in kidney transplant recipients 
can improve echocardiographically identified cardiac 
abnormalities5 and stabilize those detected by cardiac 
magnetic resonance imaging.6 Despite these potentially 
favourable effects of kidney transplantation on cardiac 
function and structure, ~18% of kidney transplant recipi-
ents develop de novo heart failure within 3 years subse-
quent to transplantation.7 This is 2 to 5 times higher than 
that in population-based cohorts.7 By contrast, de novo 
ischemic heart disease reportedly occurs at a similar fre-
quency in kidney transplant recipients and the general 
population.8 Kidney transplant recipients may be particu-
larly prone to non-atherosclerotic cardiac disease.

Impaired diastolic function underlies the development of 
heart failure with preserved ejection fraction (HFpEF).3,4 

HFpEF is more prevalent and associated with larger mor-
tality rates than heart failure with reduced ejection fraction 
(HFrEF) in patients with CKD.9,10 Hemodynamic factors 
that cause impaired diastolic function in CKD comprise 
increased preload due to volume overload and anaemia, 
and increased afterload mediated by heightened peripheral 
resistance and marked arteriosclerosis that results in arterial 
stiffness and enhanced wave reflection and pressure 
pulsatility.3,11 Other reported determinants of impaired dia-
stolic function in CKD patients encompass aberrant bone 
mineral metabolism including secondary hyperparathyroid-
ism, inflammation and oxidative stress.3,11

Impaired diastolic function may be present in more 
than half of patients undergoing kidney transplantation.12 

However, the determinants of diastolic function in parti-
cularly stable kidney transplant recipients (transplant dura-
tion of ≥6 months, absence of acute rejection and 
glomerular filtration rate of ≥15 mL/min/1.73m2)13 await 
elucidation.

Importantly in the present context, late post- 
transplantation anaemia14 and persistent secondary 

hyperparathyroidism15 have been reported in up to 35% 
and 50% of kidney transplant recipients, respectively. 
Conceptually, anaemia and hyperparathyroidism could 
mediate impaired diastolic function in kidney transplant 
recipients. In this regard, anaemia not only increases car-
diac preload and left ventricular mass but can also cause 
tissue hypoxia with consequent myocardial fibrosis.16–20 

Secondary hyperparathyroidism can increase cardiac after-
load through enhancing arteriosclerosis1,11 and directly 
induce cardiac hypertrophy and myocardial fibrosis.21

In this study, we hypothesized that post transplantation 
anaemia and persistent secondary hyperparathyroidism are 
potential determinants of diastolic function in stable kid-
ney transplant recipients.

Patients and Methods
Patients
The study was performed in line with the Helsinki 
Declaration as revised in 2013. All organs were donated 
voluntarily with written informed consent, which was con-
ducted in accordance with the Declaration of Istanbul.23 

The University of the Witwatersrand Human (Medical) 
Research Ethics Committee (protocol number: M15-08- 
43) in Johannesburg, South Africa approved the study 
protocol. Written informed consent was obtained in each 
patient prior to participation. Forty-three consecutive 
stable kidney transplant recipients were enrolled as out-
patients at the Milpark Hospital in Johannesburg, South 
Africa. Mean (SD; range) transplant duration was 12.3 
(8.0; 0.5–33.8) years. Median (IQR) duration of dialysis 
prior to kidney transplantation was 2.0 (0.5–4.6) years and 
4 (9.3%) patients were not dialysed prior to receiving 
a kidney transplant. Only 2 (4.7%) patients had a patent 
arteriovenous fistula. Patients with a transplant duration of 
<6 months, acute rejection, an estimated glomerular filtra-
tion rate22 of ≤15 mL/min/1.73m2, previously diagnosed 
heart failure, myocardial infarction, active infection and/or 
cancer were excluded. The criteria selected for stable 
kidney transplant status were based on a previously 
reported study by Ducloux et al.13

Methods
Patient characteristics that were recorded included demo-
graphic variables, traditional and non-traditional cardio-
vascular risk factors, carotid atherosclerosis measures, 
arterial function, echocardiographic parameters and 
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systemic vascular resistance. All investigations were car-
ried out on a single day at the time of the study.

Traditional and non-traditional or renal cardiovascular 
risk factors were recorded as previously reported24 and 
provided in the online Supplementary Methods. Intact 
parathyroid hormone levels were determined by an elec-
trochemiluminescence immunoassay “ECLIA” on Cobas 
(Roche Diagnostics, Mannheim, Germany). This assay 
employs a sandwich test principle in which a biotinylated 
monoclonal antibody reacts with the N-terminal fragment 
(1–37) and a monoclonal antibody labelled with 
a ruthenium complexa) reacts with the C-terminal fragment 
(38–84). The antibodies used in this assay are reactive 
with epitopes in the amino acid region 26–32 and 37–42. 
The measurement range is 1.2 to 5000 pg/mL. The intra- 
assay and inter-assay coefficients of variation are each 
<3.5%. Vitamin D concentrations were measured using 
the Alinity I 25-OH Vitamin D assay (Abbott Ireland 
Diagnostics Division Lisnamuck, Longford, Ireland), 
which is a chemiluminescent microparticle immunoassay 
that quantifies 25-hydroxyvitamin D on the Alinity 
I Analyser. The measurement range is 3.5–154.2 ng/mL. 
The intra-assay and inter-assay coefficients of variation are 
each <4.6%. Mean or distending arterial blood pressure for 
the peripheral waveform was determined electronically by 
the SphygmoCor device (see below) and using the formula

MP ¼
∑
TF

i¼T0

Pi

n 

where T0=start of the waveform; TF=end of waveform; Pi 

=pressure points and n=number of pressure points.
Atherosclerosis was assessed by carotid artery ultra-

sound employing a Philips CX50 POC Compact 
CompactXtreme Ultrasound System (Philips Medical 
Systems (Pty) Ltd, USA) attached to a linear array 4.0– 
12.0 MHz probe. The software provided for semi- 
automated border detection gives markedly reproducible 
data as previously described.21 Images of at least 1cm 
length of the distal common carotid arteries were obtained. 
The optimal angle of incidence was used, defined as the 
longitudinal angle of approach where both branches of the 
internal and external carotid artery were visualized simul-
taneously. The carotid intima-media thickness (c-IMT) 
was defined as the mean of the left and right common 
carotid artery thickness. Plaque in the extracranial carotid 
tree was defined according to the Mannheim consensus 
criteria.25 Carotid ultrasound measurements were made by 

the same observer that performed the arterial function and 
echocardiographic evaluations (CR). The intra-observer 
variability of ultrasound measurements is low in our 
setting.24

Central hemodynamic characteristics were determined 
by applanation tonometry and SphygmoCor software as 
previously reported24 and provided in the online 
Supplementary Material. Aortic pulse wave velocity, aug-
mentation index, reflected wave pressure and reflection 
magnitude, central systolic and pulse pressure, peripheral 
pulse pressure, pulse pressure amplification and forward 
wave pressure were measured.

NT-proBNP was determined by an electrochemilumi-
nescence immunoassay on Cobas (Roche Diagnostics, 
Mannheim, Germany). The measurement range is 10– 
35,000 pg/mL. The intra-assay and inter-assay coefficients 
of variation are 3.0% and 4.8%, respectively.

Echocardiography was performed in accordance with 
the American Society of Echocardiography convention26 

and employing a Philips CX50 POC Compact 
CompactXtreme Ultrasound System (Philips Medical 
Systems (Pty) Ltd, USA) equipped with a 1.8–4.2 MHz 
probe that allowed for M-mode, 2-D, pulsed and tissue 
Doppler measurements. We evaluated geometric character-
istics, left ventricular systolic function and diastolic func-
tion variables including the early (E)/late (atrial) diastolic 
wave (A) ratio, the peak mitral annulus motion during 
early diastole (e’) and E/e’ ratio. E/A and e’ are markers 
of active left ventricular relaxation, and E/e’ is an index of 
left ventricular filling pressure.4,27 Our methodology was 
previously described27 and is provided in the online 
Supplementary Material.

Systemic vascular resistance was calculated from mean 
arterial pressure, right atrial pressure and cardiac output 
according to the equation (mean arterial pressure – right 
atrial pressure)=systemic vascular resistance × cardiac out-
put assuming that right atrial pressure=0 mmHg.

Data Analysis
Results are given as mean (SD), median (interquartile 
range) or number (percentages) as appropriate. Non- 
normally distributed variables were logarithmically trans-
formed prior to entering them in multivariate linear regres-
sion models.

The associations of cardiovascular risk factors with E/ 
e’, e’ and E/A were first assessed in age, sex and race 
adjusted models. This was followed by established con-
founder (age, sex, race, weight, height, mean blood 
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pressure and heart rate)24 adjusted analysis; when anthro-
pometric characteristic-diastolic function relationships 
were evaluated, weight and height were not included as 
potential established confounders in the models. 
Associations were then reassessed in multivariate models 
in which potential determinants as identified in the pre-
vious models were entered simultaneously.

Subsequently, we assessed whether cardiovascular risk 
factor-diastolic function relationships were explained by 
left ventricular mass, cardiac preload (left ventricular end- 
diastolic volume)28 and/or cardiac afterload (central systo-
lic blood pressure29 and systemic vascular resistance30) by 
adding the respective variables to the models.

Statistical analysis was performed on IBM SPSS sta-
tistics program (version 23.0 IBM, USA). Significance 
was set at p<0.05.

Results
Patient Characteristics
The main recorded patient characteristics are given in 
Table 1. Mean (SD) age was 53.5 (10.8) years, approxi-
mately one-third were women and black patients com-
prised the largest proportion (46.52%) of enrolled study 
subjects. Mean body mass index (BMI) was in the over-
weight range (26.9%); overweight (BMI=25–29.9 kg/m2) 
and obesity (BMI >30 kg/m2) were present in 19 (44.2%) 
and 10 (23.3%) patients, respectively. Hypertension, dys-
lipidemia and diabetes were present in 86.0%, 83.7% and 
25.6% of the participants, respectively. Antihypertensive 
agents, lipid lowering drugs (statins with or without ezeti-
mibe), insulin therapy and oral glucose lowering medica-
tions were employed in 37 (86.0%), 33 (76.7%), 6 (14.0%) 
and 5 (11.6%) of patients, respectively.

Mean (SD) estimated glomerular filtration rate22 was 
63 (22) mL/min/1.73m2; glomerular filtration rate ranged 
from 22 to 104 mL/min/1.73m2. Median (IQR) intact 
parathyroid hormone levels were 68.0 (49.0–155.6) pg/ 
mL; 21 (48.8%) patients had raised intact parathyroid 
concentrations (>65 pg/mL), and among those with 
a time since transplantation of more than 1 year (n=39), 
the respective levels were >130 pg/mL in 12 (30.8%), 
which is in keeping with persistent secondary 
hyperparathyroidism.15 Vitamin D, calcium and phosphate 
supplementation was used in 15 (34.8%), 3 (7%) and 1 
(2.3%) of the participants.

While mean haemoglobin concentrations (13.9 g/dl) 
were in the normal range, 12 (27.9%) patients had anaemia 

(haemoglobin <12 g/dl in women and <13 g/dl in men),14 

which was severe (haemoglobin <11g/dl)14 in 4 (9.4%) of 
study participants. None of the patients were treated with 
intravenous or oral iron, or erythropoietin-stimulating 
agents.

Mean (IQR) carotid intima-media thickness was 0.583 
(0.495–0.706) and plaque was found in less than one-third 
of the participants (n=13 (30.2%)).

Mean (SD) pulse wave velocity was 9.9 (3.0) m/sec; 
mean (SD) augmentation index, reflection magnitude and 
pulse pressure amplification were 62.1 (17.0)%, 63.0 
(17.4)%, 135 (19), respectively; median (IQR) central 
pulse pressure was 40 (33–45) mmHg. Median (IQR) NT- 
proBNP concentrations were 188 (33–400) pg/mL.

Mean (SD) E/e’ was 9.4 (3.9) whereas an E/e’ of >14 
that is in keeping with diastolic dysfunction,4,9 was present 
in 3 (7%) of participants. Ejection fraction was <50% in 4 
(9.3) patients of which only one (2.3%) had an ejection 
fraction of <40%.

Employed immunosuppressive therapy comprised glu-
cocorticoids (n=41 (95.3%)), mycophenolate mofetil 
(n=31 (72.1%)), calcineurin (n=30 (69.8%)) and mTOR 
(n=14 (32.6%)) inhibitors and azathioprine (n=8 (18.6%)).

Associations of Cardiovascular Risk 
Factors with E/e’, e’ and E/A
Table 2 shows the associations of cardiovascular risk fac-
tors with E/e’. In age, sex and race adjusted analysis, 
estimated GFR and haemoglobin and intact parathyroid 
hormone concentrations were associated with E/e’ 
(model 1). Upon further adjustment for established con-
founders in the present context, only haemoglobin and 
intact parathyroid hormone levels remained related to E/ 
e’ (model 2). Subsequently, EGFR and haemoglobin con-
centrations were entered together with intact parathyroid 
hormone levels in separate multivariate models (models 3 
and 4) as the former two variables were strongly collinear 
(Spearman’s rho=0.525). Only haemoglobin and intact 
parathyroid hormone concentrations were significantly or 
with borderline significance (p=0.08) associated with E/e’. 
When all three cardiovascular risk factors were entered 
simultaneously in a stepwise regression model (model 5), 
haemoglobin and intact parathyroid hormone levels were 
associated with E/e’ whereas estimated glomerular filtra-
tion rate was excluded from the model. Sex was also 
retained with a P value of 0.02 by SPSS in Model 5.
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Table 3 gives the associations of cardiovascular risk 
factors with e’ and E/A. Three anthropometric character-
istics including waist–height ratio, waist circumference 
and body mass index were associated with both e’ and 
E/A in age, sex and race (model 1) as well as in estab-
lished confounder (model 2) adjusted analysis. Waist–hip 
ratio was not associated with e’ and E/A (partial R= 
−0.178, P=0.3 and partial R=−0.197, P=0.2, respectively, 
in age, sex and race adjusted models).

Measures of atherosclerosis and arterial function, NT- 
proBNP concentrations and cardiovascular drug use, vita-
min D, calcium and phosphate supplementation as well as 

immunosuppressive agent use were not related to E/e’, e’ 
and E/A (data not shown).

Associations of Haemoglobin and Intact 
Parathyroid Levels and Anthropometric 
Measures with Diastolic Function 
Parameters After Additional Adjustment 
for Left Ventricular Mass Index and Preload 
and Afterload Measures
Table 4 shows the associations of haemoglobin and intact 
parathyroid hormone concentrations with E/e’ as well as 

Table 1 Main Recorded Patient Characteristics in 43 Kidney Transplant Recipients

Demographics High-Sensitivity CRP (mg/l) 3.4 (1.7–6.9)

Age (years) 53.5 (10.8) Phosphate (mmol/l) 1.0 (0.8–1.2)
Female sex 14 (32.6) Calcium (mmol/l) 2.3 (2.2–2.4)

Black 20 (46.52) IPTH (pg/mL) 68.0 (49.0–155.6)

Asian 11 (25.58) Haemoglobin (g/dl) 13.9 (2.4)
Mixed 6 (13.95) Transferrin saturation (%) 22.7 (10.1)

White 6 (13.63) Ferritin (ng/mL) 181 (59–302)

Traditional CV risk factors Albumin (g/l) 38.5 (5.1)

Lifestyle factors Vitamin D (ng/l) 23.0 (9.4)

Current smoker 0 (0) Uric acid (mmol/l) 0.33 (0.29–0.45)

Ex-smoker 1 (2.3) Arterial function
Anthropometry Pulse wave velocity (m/sec) 9.9 (3.0)

Body mass index (kg/m2) 26.9 (4.4) Reflected wave pressure (mmHg) 18.7 (14.0–22.5)

Waist (cm) 98 (13) Central systolic BP (mmHg) 128 (117–134)
Waist–hip ratio 0.97 (0.13) NT-proBNP (pg/mL) 188 (33–400)

Weight (kg) 78.7 (17.0) Echocardiographic characteristics
Height (m) 1.70 (0.11) E/e’ 9.4 (3.9)

Waist–height ratio 0.57 (0.07) E’ (cm/sec) 8.8 (2.7)
Major traditional CV risk factors E/A 1.01 (0.38)

Hypertension 37 (86.0) E wave velocity (cm/sec) 77 (23)

Systolic BP (mmHg) 139 (130–144) A wave velocity (cm/sec) 83 (29)
Diastolic BP (mmHg) 86 (9) LV mass index (g/m2) 82.4 (66.2–109.3)

Mean BP 102 (97–107) LV hypertrophy 7 (16.6)

Heart rate (beats/min) 71 (11) Concentric remodelling 8 (18.6)
Dyslipidemia 36 (83.7) LV concentric hypertrophy 1 (2.3)

Total cholesterol (mmol/l) 4.4 (1.0) LV septal wall thickness (mm) 9.3 (1.5)

LDL cholesterol (mmol/l) 2.3 (0.6) LV posterior wall thickness (mm) 9.6 (8.6–10.7)
HDL cholesterol (mmol/l) 1.10 (0.90–1.40) LV relative wall thickness 0.39 (0.34–0.45)

Non-HDL cholesterol (mmol/l) 3.1 (0.9) LV EDV indexed to BSA (mL/m2) 62 (25)

Cholesterol-HDL cholesterol ratio 3.8 (1.2) LV ESV indexed to BSA (mL/m2) 19 (12–28)
Triglycerides (mmol/l) 1.60 (1.29–2.25) LV ejection fraction (%) 74 (65–79)

Diabetes 11 (25.6) Stroke volume (mL/beat) 73 (29)

Non-traditional/renal risk CV factors Cardiac output (l/min) 5.3 (2.9)

Estimated GFR (mL/min/1.73m2) 63 (22) SVR (mmHg/l/min) 20.8 (15.5–28.6)

Notes: Data are expressed as mean (SD), median (interquartile range) or number (%). Subheadings are shown in bold. 
Abbreviations: CV, cardiovascular; BP, blood pressure; LDL, low-density lipoprotein; HDL, high-density lipoprotein; GFR, glomerular filtration rate; CRP, C-reactive 
protein; iPTH, intact parathyroid hormone; NT-proBNP, N-terminal B-type natriuretic peptide; LV, left ventricular; EDV, end-diastolic volume; ESV, end systolic volume; BSA, 
body surface area; SVR, systemic vascular resistance.
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those of anthropometric measures with e’ and E/A after 
additional adjustment (to established confounders) for left 
ventricular mass index (Model 1), cardiac preload as 

estimated by left ventricular end-diastolic volume 
(Model 2), cardiac afterload as estimated by central sys-
tolic blood pressure and systemic vascular resistance 
(Model 3) and left ventricular mass index together with 
left ventricular end-diastolic volume, central systolic blood 
pressure and systemic vascular resistance (Model 4). The 
cardiovascular risk factor-diastolic function relationships 
were consistent in each of the respective models.

Impact of Time Since Transplantation on the 
Associations of Haemoglobin and Intact 
Parathyroid Levels and Anthropometric 
Measures with Diastolic Function 
Parameters
In this study, there was heterogeneity in terms of transplant 
duration as it ranged from 0.5 to as much as 33.8 years. 
The median transplant duration was 13.28 years. To deter-
mine whether this can affect the generalizability of our 
results, we first compared the relevant recorded character-
istics in patients with a transplant duration of <13.3 years 
compared to ≥13.3 years. We then assessed the impact of 
transplant duration on the associations of haemoglobin and 
intact parathyroid levels and anthropometric measures 
with diastolic function parameters by adding interaction 
terms (together with their individual components) to the 
age, sex and race adjusted models in Tables 2 and 3 and 
performing stratified analysis.

As given in Table 5, in age, sex and race adjusted 
analysis, compared to patients with a transplant duration 
of <13.3 years, those with a transplant duration of ≥13.3 
years were more frequently female and less often Asian, 
and had less abdominal adiposity, lower heart rates and 
larger haemoglobin levels and central systolic blood pres-
sures. Intact parathyroid hormone concentrations also 
tended to be lower (p=0.07) in patients with a transplant 
duration of ≥13.3 years compared to <13.3 years. The 
estimated glomerular filtration rate was 61.1 mL/min/ 
1.73m2 and 65.1 mL/min/1.73m2 (p=0.5) in patients with 
a transplant duration of ≥13.3 years compared to <13.3 
years.

Transplant duration did not impact the estimated glo-
merular filtration rate-E/e’ (interaction p=0.6), haemoglo-
bin-E/e’ (interaction p=0.2) and intact parathyroid 
hormone-E/e’ (interaction p=0.5) relationships. However, 
transplantation duration did impact the waist–height-e’ 
association (interaction p=0.03). Transplant duration did 
not significantly impact other anthropometric measure-e’ 

Table 4 Established Confounder Adjusted Associations of 
Cardiovascular Risk Factors with E/e’, e’ and E/A After 
Additional Adjustment for Left Ventricular Mass and Cardiac 
Preload and Afterload Measures in 43 Kidney Transplant 
Recipients

β (SE) Partial R P Model R2

Haemoglobin versus E/e’

Model 1a −0.675 (0.297) −0.378 0.03 0.345
Model 2b −0.649 (0.308) −0.349 0.04 0.350
Model 3c −0.945 (0.333) −0.472 0.008 0.433
Model 4d −0.907 (0.390) −0.422 0.02 0.447

Log intact PTH versus E/e’

Model 1a 4.113 (1.879) 0.377 0.03 0.347
Model 2b 4.026 (1.819) 0.375 0.03 0.366
Model 3c 4.880 (1.927) 0.445 0.01 0.418
Model 4d 4.594 (1.988) 0.434 0.03 0.458

Waist–height ratio versus e’

Model 1e −16.214 (4.564) −0.532 0.001 0.663
Model 2f −19.603 (4.638) −0.593 <0.0001 0.664
Model 3g −15.332 (5.700) −0.478 0.006 0.638
Model 4h −16.649 (6.042) −0.497 0.007 0.658

BMI versus E/A

Model 1e −0.029 (0.009) −0.491 0.003 0.623
Model 2f −0.027 (0.010) −0.419 0.01 0.602
Model 3g −0.022 (0.010) −0.372 0.03 0.678
Model 4h −0.026 (0.012) −0.386 0.04 0.697

Notes: Significant associations and subheadings are shown in bold. aAdjusted for 
age, race, sex, weight, height, log mean arterial blood pressure, heart rate and log 
left ventricular mass index. bAdjusted for age, race, sex, weight, height, log mean 
arterial blood pressure, heart rate and cardiac preload as estimated by left ven-
tricular end-diastolic volume. cAdjusted for age, race, sex, weight, height, log mean 
arterial blood pressure, heart rate and cardiac afterload as estimated by log central 
systolic blood pressure and log systemic vascular resistance. dAdjusted for age, 
race, sex, weight, height, log mean arterial blood pressure, heart rate left ventri-
cular mass index and end-diastolic volume, log central systolic blood pressure and 
log systemic vascular resistance. eAdjusted for age, race, sex, log mean arterial 
blood pressure, heart rate and log left ventricular mass index. fAdjusted for age, 
race, sex, log mean arterial blood pressure, heart rate and cardiac preload as 
estimated by left ventricular end-diastolic volume. gAdjusted for age, race, sex, 
log mean arterial blood pressure, heart rate and cardiac afterload as estimated by 
log central systolic blood pressure and log systemic vascular resistance. hAdjusted 
for age, race, sex, log mean arterial blood pressure, heart rate left ventricular mass 
index and end-diastolic volume, log central systolic blood pressure and log systemic 
vascular resistance. 
Abbreviations: SE, standard error; β, regression coefficient; EGFR, estimated 
glomerular filtration rate; log, logarithmically transformed; CV, cardiovascular; BP, 
blood pressure; LDL, low-density lipoprotein; HDL, high-density lipoprotein; GFR, 
glomerular filtration rate; CRP, C-reactive protein; iPTH, intact parathyroid hor-
mone; NT-proBNP, N-terminal B-type natriuretic peptide; LV, left ventricular; EDV, 
end-diastolic volume; ESV, end systolic volume; BSA, body surface area; SVR, 
systemic vascular resistance; BMI, body mass index; SE, standard error; β, regres-
sion coefficient; EGFR, estimated glomerular filtration rate; log, logarithmically 
transformed.
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and anthropometric-E/A relationships (interaction p=0.1 
to 0.8).

As shown in Supplementary Table 1, in line with the 
interaction analysis results and in age, sex and race 
adjusted models, the associations of estimated glomerular 
filtration rate and haemoglobin and intact parathyroid hor-
mone levels with E/e’ appeared similar in patients with 
a transplant duration of <13.3 years compared to ≥13.3 
years. None of these associations were significant, this 

presumably because of the small number of patients in 
both groups. Further adjustment for other potential con-
founders (see Table 2) did not alter these results (data not 
shown).

As given in Tables 6 and 7 and also in keeping with the 
interaction analysis results, significant anthropometric 
measure-e’ and, to a lesser extent, anthropometric–E/A 
relationships were found in patients with a transplant dura-
tion of ≥13.3 years but not <13.3 years.

Table 5 Recorded Characteristics in 43 Kidney Transplant Recipients Upon Stratification by Median Transplant Duration

Transplant Duration Transplant Duration P

<13.3 Years (n=22) ≥13.3 Years (n=21)

Demographics

Age (years) 52.4 (12.0) 54.6 (9.6) 0.6

Female sex 4 (18.1) 10 (47.6) 0.04
Black 8 (36.4) 12 (57.1) 0.3
Asian 10 (45.5) 1 (4.8) 0.01
Mixed 2 (9.1) 4 (19.0) 0.2

White 2 (9.1) 4 (19.0) 0.4

Traditional CV risk factors

Anthropometry

Body mass index (kg/m2) 27.3 (3.8) 26.5 (5.1) 0.5
Waist (cm) 103 (12) 92 (13) 0.007
Waist–height ratio 0.60 (0.06) 0.55 (0.08) 0.009

Major traditional CV risk factors

Mean blood pressure (mmHg) 101 (95–103) 105 (97–111) 0.06

Heart rate (beats/min) 75 (10) 68 (11) 0.02

Non-traditional/renal CV risk factors

Estimated GFR (mL/min/1.73m2) 65 (23) 61 (20) 0.5
IPTH (pg/mL) 125.7 (53.6–261.0) 54.7 (42.2–82.0) 0.07

Haemoglobin (g/dl) 13.1 (2.5) 14.7 (1.5) 0.02

Arterial function

Central systolic blood pressure (mmHg) 121 (116–126) 135 (123–146) 0.04

Echocardiographic characteristics

E/e’ 9.8 (4.4) 9.0 (3.5) 0.3

E’ (cm/sec) 8.5 (2.8) 9.1 (2.7) 0.06

E/A 0.96 (0.39) 1.07 (0.38) 0.2
LV mass index (g/m2) 82.5 (62.8–112.4) 82.4 (68.0–105.9) 0.4

LV EDV indexed to BSA (mL/m2) 67 (28) 57 (20.4) 0.1

SVR (mmHg/min) 20.4 (14.7–28.3) 22.7 (16.7–33.7) 0.2

Notes: Data are expressed as mean (SD), median (interquartile range) or number (%), and were analysed in age, sex and race adjusted linear or logistic regression models as 
appropriate. Subheadings and significant associations are shown in bold. 
Abbreviations: CV, cardiovascular; BP, blood pressure; LDL, low-density lipoprotein; HDL, high-density lipoprotein; GFR, glomerular filtration rate; CRP, C-reactive 
protein; iPTH, intact parathyroid hormone; NT-proBNP, N-terminal B-type natriuretic peptide; LV, left ventricular; EDV, end-diastolic volume; ESV, end systolic volume; BSA, 
body surface area; SVR, systemic vascular resistance.
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Discussion
To our knowledge, this is the first study that evaluated 
potential determinants of diastolic function in stable kid-
ney transplant participants. Our main findings were as 
follows: (1) haemoglobin concentrations were inversely 
associated with E/e’ whereas intact parathyroid hormone 
levels were directly related to E/e’; (2) anthropometric 
measures including waist–height ratio, waist circumfer-
ence and body mass index were each associated with 
both e’ and E/A; (3) the haemoglobin-E/e’, intact para-
thyroid hormone-E/e’, anthropometric measure-e’ and 
anthropometric measure–E/A relationships were each 
independent of left ventricular mass index and cardiac 
preload and afterload measures and (4) estimated glomer-
ular filtration rate was associated with E/e’, but this rela-
tionship was no longer significant after adjustment for 
established confounders as well as haemoglobin and intact 
parathyroid hormone levels.

Post transplantation anaemia was previously reported 
to be associated with all-cause mortality, graft loss and 
heart failure.14,31 Our current findings suggest that post 
transplantation anaemia may contribute to heart failure 
through increasing left ventricular stiffness and pressures 
due to impaired left ventricular passive relaxation.3,4,27 

Anaemia is associated with left ventricular hypertrophy, 
which is a strong independent predictor of cardiovascular 
mortality in CKD patients.3 However, impaired diastolic 
function predates left ventricular hypertrophy in CKD.3,32 

This argues against an important role of left ventricular 
hypertrophy in impaired diastolic function. Our finding 
that post transplantation anaemia was associated with E/ 
e’ independent of left ventricular mass supports this 
notion. Moreover, abnormal left ventricular geometry as 
represented by hypertrophy and concentric remodelling 
was present in only 15 (34.9%) patients. This may have 
been consequential to the selection of patients with favour-
able cardiovascular disease risk profiles for transplanta-
tion, the consistent use of antihypertensive agents with 
overall adequate blood pressure control and post transplan-
tation regression of left ventricular hypertrophy.5 Anaemia 
also remained significantly associated with E/e’ when we 
adjusted for cardiac preload and afterload measures. Our 
results therefore indicate that post transplantation anaemia 
may mediate impaired diastolic function through cardio-
myocyte hypoxia and consequent cardiac fibrosis.16–20

Our finding that 27.9% of our patients had post trans-
plantation anaemia is in keeping with previously reported 

findings.14 The causes of anaemia differ somewhat in 
kidney transplant recipients compared to dialysis patients 
and include graft rejection and immunosuppressant 
therapy.14 Based on a randomized trial and a large obser-
vational study, Gafter-Gvili et al14 recently recommended 
targeting a haemoglobin of 12.5 to 13g/dl in kidney trans-
plant recipients with appropriate erythropoietin stimulating 
agent and iron therapy. None of our patients received iron 
or erythropoietin stimulating agent therapy. In this regard, 
in the STRESAM study,33 only 5% of patients received 
treatment with an erythropoietin stimulating agent. Taken 
together, post transplantation anaemia comprises 
a comorbidity that may be in need of more systematic 
management14 than is currently practised. Whether this 
can improve cardiovascular outcomes in kidney transplant 
recipients requires further study.

Increased parathyroid hormone concentrations are 
associated with cardiovascular events and mortality in 
CKD and non-CKD patients.21 However, the role of high 
parathyroid hormone levels as a cardiovascular risk factor 
in stable kidney transplant recipients has not been reported 
thus far. In this study, 30.8% of our patients had persistent 
secondary hyperparathyroidism, which is also in line with 
previous reports.15 We found that, as applied to haemoglo-
bin concentrations, parathyroid levels were associated with 
E/e’ independent of established confounders, left ventricu-
lar hypertrophy and cardiac preload and afterload mea-
sures in kidney transplant recipients. In this regard, 
experimental studies using rat cardiomyocytes have 
shown that parathyroid hormone can cause mitochondrial 
Ca2+ excess that results in oxidative stress, necrotic cell 
death and consequent fibrosis.21 In another study, parathyr-
oidectomy prevented the development of myocardial 
hypertrophy, fibrosis and apoptosis in 5/6 nephrectomised 
rats.34 Also, the use of the calcimimetic agent cinacalcet in 
haemodialysis patients for 20 weeks decreased not only 
parathyroid hormone, calcium and phosphate levels but 
also the left ventricular mass index and E/e’ ratio.35 

These reported data together with our current findings 
indicate that the impact of persistent hyperparathyroidism 
and its adequate management15 on cardiovascular out-
comes in kidney transplant recipients also deserves further 
study.

Even a fully functional kidney allograft does not 
entirely restore the glomerular filtration rate.1 

A reduction in glomerular filtration rate is reportedly an 
independent risk factor for cardiovascular disease and 
mortality in kidney transplant recipients.1 In the present 
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study, an age, sex and race adjusted association was found 
between the estimated glomerular filtration rate and E/e’ 
but this relationship was explained by established con-
founders and parathyroid hormone and haemoglobin 
concentrations.

Excess adiposity is prevalent and its association with 
heart failure was previously identified in kidney transplant 
recipients.1,31 Overweight or obesity was present in 67.5% 
of our patients. Except for waist–hip ratio, adiposity mea-
sures were independently associated with e’ and E/A. 
Excess adiposity is also associated with impaired left 
ventricular active relaxation in non-CKD persons4,36,37 

and can be reversed by weight loss.38 Dialysis duration 
prior to kidney transplantation comprises another reported 
risk factor for heart failure in kidney transplant 
recipients.31 In this study, dialysis duration prior to kidney 
transplantation was not associated with E/e’, e’ or E/A 
(data not shown).

In the present investigation, the heterogeneity in rela-
tion to transplant duration called for performing a stratified 
analysis. In patients with a prolonged transplant duration 
(≥13.3 years), haemoglobin concentrations were larger, 
intact parathyroid hormone concentrations tended to be 
smaller and abdominal adiposity was reduced compared 
to those with a shorter transplant duration. Conceptually, 
this may represent an improvement of the respective car-
diovascular risk factors over time after transplantation. 
Alternatively, our respective results may originate in 
a selection bias due to an overall better survival among 
patients with a prolonged compared to shorter transplant 
duration. Indeed, anaemia, bone mineral disorder and 
excess adiposity can increase cardiovascular disease and 
mortality in kidney transplant patients.39,40 More impor-
tantly, our interaction analysis results indicated that trans-
plant duration did not influence the potential impact of 
haemoglobin and parathyroid hormone levels on E/e’. By 
contrast, abdominal adiposity was inversely associated 
with measures of left ventricular relaxation in patients 
with a prolonged but not shorter transplant duration. This 
may suggest that exposure to excess adiposity may need to 
be prolonged for it to reduce left ventricular relaxation in 
kidney transplant recipients. Taken together, the role of 
kidney transplant duration on cardiovascular risk requires 
further study in future larger and longitudinal 
investigations.

Our study has limitations. Firstly, the study design was 
cross-sectional, which precludes determining cause–effect 
relationships. Secondly, as applied to previously reported 

investigations by us,37,41,42 we assessed the associations of 
cardiovascular risk factors with E/e’, e’ and E/A as con-
tinuous variables, which requires inclusion of both high 
and low values. As only 3 (7%) patients had an E/e’ of 
>14 that is in keeping with diastolic dysfunction,4,9 the 
number of included patients was too small to reliably 
assess associations of cardiovascular risk factors with an 
increased E/e’ in adequately adjusted logistic regression 
models. Thirdly, as we did not determine atrial volume 
index and tricuspid regurgitation velocity, we could not 
apply the currently suggested algorithm for the detection 
of diastolic dysfunction4 in this patient population. 
However, given that at a mean age of 53.5 years, 86% of 
our patients were hypertensive and 25.6% had diabetes, it 
is highly likely that a substantial proportion of them had 
diastolic dysfunction. Fourthly, haemoglobin concentra-
tions were assessed on one occasion only, ie on the 
same day that other measurements were made. Anaemia 
may need to be present for prolonged time periods in order 
for myocardial fibrosis to develop. We may therefore have 
underestimated the effect of low haemoglobin concentra-
tions on diastolic function. Fifthly, all participants were 
enrolled at a single centre. Sixthly, the number of patients 
included was relatively small, particularly in the analysis 
stratified by transplantation duration. A strength of this 
investigation is that our conclusions originate in multivari-
able regression models in which we consistently adjusted 
for potential established confounders.

In conclusion, haemoglobin and parathyroid hormone 
concentrations as well as adiposity measures are indepen-
dently associated with diastolic function in kidney trans-
plant recipients. Whether adequate management of post 
transplantation anaemia,14 persistent secondary 
hyperparathyroidism15 and excess adiposity1 can prevent 
the development of heart failure with preserved ejection 
fraction in kidney transplant recipients merits further 
investigation.
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