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Abstract 
 
The markedly increased mortality in chronic kidney disease (CKD) patients is mostly due to an 

enhanced risk of cardiovascular disease (CVD).  The most documented CKD induced cardiovas-

cular abnormalities include impaired diastolic function that underlies heart failure with preserved 

ejection fraction and arteriosclerosis leading to impaired aortic function.  CKD is highly prevalent 

in South Africa.  The extent to which CKD enhances CVD risk among black Africans remains 

largely unknown. 

This thesis comprises a series of investigations that evaluated CVD and its risk factors in black 

compared to other Africans (first study), examined potential determinants of diastolic function in 

predialysis and dialysis patients (second study) as well as stable kidney transplant recipients 

(third study), and tested the hypothesis that the optimal haemoglobin target in dialysis patients 

may be determined by its contrasting effects on arterial stiffness and pressure pulsatility (fourth 

study). 

In the first study, we evaluated cardiovascular risk factors, aortic function by applanation tonom-

etry using SphygmoCor software, cardiac function by echocardiography, atherosclerosis extent 

by carotid ultrasound and cardiovascular event rates in 115 consecutive predialysis (n=67) and 

dialysis patients (n=48) including 46 black and 69 other (32 Asian, 28 white and 9 mixed race) 

participants.  Data were analysed in multivariable regression models. Overall, black compared to 

other African CKD patients had less frequent carotid artery plaque (30.4% versus 58.8%; OR 

(95% CI)=0.38 (0.16-0.91) despite an increased cardiovascular risk factor burden.  In receiver 

operator characteristic curve analysis, the Framingham score performed well in identifying non-

black but not black CKD patients with carotid plaque (area under the curve (AUC) (95% CI)=0.818 

(0.714-0.921) and AUC (95% CI)=0.556 (0.375-0.921), respectively).  Black compared to other 

African predialysis patients experienced larger Framingham scores and more adverse non-tradi-

tional cardiovascular risk factors, impaired arterial and diastolic function but similar cardiovascular 

event rates (OR (95% CI)=0.93 (0.22 to 3.87)).  Among dialysis patients, black compared to other 

Africans had an overall similar traditional and non-traditional cardiovascular risk factor burden, 

similar arterial and diastolic function and reduced cardiovascular event rates (OR (95% CI)=0.22 

(0.05 to 0.88)).  

 

For the second study, we assessed cardiovascular risk factors, arterial function, N-terminal natri-

uretic peptide (NT-proBNP) levels as a marker of volume overload, and diastolic function in 103 

(62 non-dialysis and 41 dialysis) patients.  In established confounder adjusted analysis, dialysis 

status impacted the pulse wave velocity-E/e’ relationship (interaction p=0.01) but not the NT-

proBNP level-E/e’ association (interaction p=0.1).  Upon entering arterial function measures and 

NT-proBNP levels simultaneously in regression models, arterial function measures were associ-

ated with E/e’ (p=0.008 to 0.04) in non-dialysis patients whereas NT-proBNP levels were related 
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to E/e’ in dialysis patients (p=0.009 to 0.04).  Bivariate associations were found between diabetes 

(p<0.0001) and E/e’ in non-dialysis patients, and haemoglobin concentrations and E/e’ (p=0.02) 

in those on dialysis.  Upon adjustment for diabetes in non-dialysis patients, only central pulse 

pressure remained associated with E/e’ (p=0.02); when haemoglobin concentrations were ad-

justed for in dialysis patients, NT-proBNP levels were no longer associated with E/e’ (p=0.2).  In 

separate models, haemoglobin levels were associated with E/e’ independent of left ventricular 

mass index and preload and afterload measures (p=0.02 to 0.03).  

 

For the third study, we evaluated traditional and non-traditional cardiovascular risk factors, carotid 

artery atherosclerosis, arterial function and diastolic function 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.  The 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 participants were overweight or obese.  In es-

tablished confounder 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 haemoglo-

bin-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) 

relationships remained consistent after additional adjustment for left ventricular mass index and 

cardiac preload and afterload measures. 

 

For the fourth study, cardiovascular risk factors and arterial function was assessed in 48 dialysis 

patients.  In established confounder and diabetes adjusted linear regression models, haemoglo-

bin levels were directly associated with arterial stiffness (partial R=0.366, p=0.03) and inversely 

with central systolic pressure (partial R=-0.344, p=0.04), central pulse pressure (partial R=-0.403, 

p=0.01), peripheral pulse pressure (partial R=-0.521, p=0.001) and forward wave pressure (partial 

R=-0.544, p=0.001).  The presence of heart failure and use of angiotensin converting enzyme 

inhibitors or angiotensin receptor blockers and erythropoietin stimulating agents did not materially 

alter these relationships upon further adjustment for the respective characteristics in the models, 

and in sensitivity analyses.  In receiver operator characteristic curve analysis, the optimal hae-

moglobin concentration cut-off values in predicting arterial stiffness and increased central pulse 

pressure were remarkably similar at 10.95 g/dl and 10.85 g/dl respectively, and with clinically 

useful sensitivities, specificities and positive and egative predictive values.  In logistic regression 



7 

 

 

models, a haemoglobin value of >10.9 mg/dl was associated with both arterial stiffness (>10 

m/sec; OR (95% CI) = 10.48 (1.57 – 70.08), p=0.02) and normal central pulse pressure (>50 

mmHg; OR (95% CI) = 7.55 (1.58 – 36.03), p=0.01). 

 

In conclusion, black compared to other African predialysis patients experience an increased tra-

ditional and non-traditional cardiovascular risk factor burden and more impaired arterial and dias-

tolic function.  Once on dialysis, black African patients sustain less frequent cardiovascular event 

rates, which may represent a survival bias.  The atherosclerotic burden is smaller in black com-

pared to other African CKD patients but the Framingham score is unreliable in identifying those 

with very high risk atherosclerosis, which is nevertheless present in ~30% of them. Cardiovascu-

lar risk factors that are independently associated with markers of diastolic function include im-

paired arterial function and diabetes in predialyis patients, volume overload and low haemoglobin 

concentrations in dialysis patients, and post transplantation anaemia and persistent secondary 

hyperparathyroidism in kidney disease transplant recipients.  The optimal haemoglobin target in 

dialysis patients may be determined by its contrasting effects on aortic stiffness and pressure 

pulsatility.  These findings have implications in our understanding of CVD risk and its manage-

ment among CKD patients.         
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Introduction 

Chronic kidney disease (CKD) contributes substantially to morbidity and mortality (Global Burden 

of Disease (GBD) Chronic Kidney Disease Collaboration, 2020).  This is a worldwide phenome-

non.  The main risk factors for CKD are hypertension and diabetes.  Increased mortality in CKD 

is mostly due to a markedly enhanced risk of cardiovascular disease (CVD).  In this regard, a 

systematic analysis for the Global Burden of Disease, Injuries, and Risk Factors Study in 2017 

revealed a global chronic kidney disease prevalence of 9.1% (95% confidence interval 8.5 to 9.8) 

in 2017 with an increase of 29.3% (26.4 to 32.6) since 1990.  Globally, in 2017, 1.2 (1.2 to 1.3) 

million people died from CKD and the all-age mortality rate from CKD had increased by 41.4% 

(35.2 to 46.5) since 1990 (GBD Chronic Kidney Disease Collaboration, 2017).  In addition, 1.4 

(1.2-1.6) million cardiovascular disease related deaths were attributable to CKD. 

 

CKD and CVD risk in black compared to other Africans 

A recent sub-Saharan population study (George JA et al, 2019) reported an age-standardised 

population CKD prevalence of 10.7% (9.9 to 11.7).  CKD prevalence were larger in South African 

sites (14.0% (11.9 to 16.4)) than in West African sites (9.5% (8.3 to 10.8)).  Risk factors for CKD 

included older age, hypertension, diabetes and human immunodeficiency virus infection whereas 

male sex was protective.  Regional differences in CKD and its risk factors were attributed to dis-

parities in sociodemographic and epidemiological health transition stages. 

   

Available data on CVD risk among CKD patients originates mostly in studies that were performed 

in high-income populations.  Most patients with CKD reportedly die from CVD prior to developing 

kidney failure (Cozzolino M et al, 2018; Sarnak MJ et al, 2019).  Both adverse traditional cardio-

vascular risk factor profiles and kidney disease specific factors including anaemia, chronic volume 

overload, calcium-phosphate imbalance and oxidative stress mediate CVD in CKD patients.  CKD 

thereby causes cardiovascular changes that characteristically include advanced arteriosclerosis 

leading to impaired arterial function (Zanoli L et al, 2019) and left ventricular fibrosis that results 

in diastolic dysfunction and is often accompanied by hypertrophy (Wang X et al, 2019).  CKD also 
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enhances atherosclerosis (Sarnak MJ et al, 2019).  These changes result in an increased risk of 

heart failure, arrhythmias, sudden death, stroke and myocardial infarction.  The risk of cardiovas-

cular disease increases from 1.5 fold in patients with stage 2 CKD to 20 fold in those with end 

stage renal disease (ESRD) (Cozzolino M et al, 2018). 

 

Sub-Saharan Africa comprises low and middle income countries (Sub-Saharan Africa Population 

2020 (Demographics, Maps, Graphics); World Bank Country and Lending Groups: Country Clas-

sification).  Due to the rapid current urbanization and consequent epidemiological health transi-

tion, cardiovascular risk factor profiles and their impact on CVD as well as cardiovascular event 

phenotypes differ in low or middle compared to high income populations (Solomon A et al, 2014).  

Black South African persons currently experience smaller age-standardized mortality rates from 

ischemic heart disease than their non-black counterparts (Pillay-Van Wijk V et al, 2016).  By con-

trast, age-standardized mortality rates due to cerebrovascular and hypertensive heart disease 

are much larger in black compared to other South Africans (Pillay-Van Wijk V et al, 2016).       

 

Compared to their white counterparts, black Americans with pre-dialysis CKD patients experience 

an enhanced risk of developing ESRD and CVD mortality (Choi AI et al, 2008; Carnethon MR et 

al 2017).  However, survival is better in black compared to white Americans once they are on 

dialysis. 

 

The extent to which CKD impacts CVD risk among black Africans remains largely unknown.  In 

two retrospective cohort studies, sepsis was a more frequent cause of death than CVD among 

predominantly black African dialysis patients (Luyckx VA et al, 2009; Tamayo Isla RA et al, 2016).  

Black African dialysis patients may be less prone to coronary and aortic calcification (Freercks R 

et al, 2012).  However, carotid artery plaque was identified in 38.1% of 58 black and 26 non-black 

African dialysis patients (Amira OC et al, 2012).  A consistent shortcoming of these reported in-

vestigations is that the mean age of participants was as low as 36 to 42 years (Luyckx VA et al, 

2009; Tamayo Isla RA et al, 2016; Freercks R et al, 2012; Amira OC et al, 2012).     
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Given these limited reported data on CVD and its risk factors among Africans with CKD, we com-

pared cardiovascular risk factor profiles (Gunter S et al, 2018), large artery function including 

arterial stiffness, wave reflection and pressure pulsatility (Gunter S et al, 2018; Briet M et al, 2012; 

London GM, 2018), left ventricular systolic and diastolic function (Mokotedi L et al 2017), athero-

sclerosis extent and cardiovascular event rates between black and other African pre-dialysis and 

dialysis patients.  

 

Potential determinants of the E/e’ ratio in non-dialysis compared to dialysis patients 

As alluded to above, impaired left ventricular diastolic function comprises a most characteristic 

cardiovascular abnormality induced by CKD (Wang X et al, 2019).  Impaired diastolic function 

results from both reduced active and passive myocardial relaxation.  Active relaxation is mostly 

estimated by the echocardiographically determined ratio of early (E) to late (A) diastolic filling or 

mitral inflow velocity (E/A) and the early diastolic mitral annulus motion (e’).  Active relaxation 

involves high energy requiring rapid removal of cytosolic calcium into the sarcoplasmic reticulum, 

thin filament deactivation and cross-bridging kinetics.  Passive relaxation is typically assessed by 

the E/e’ ratio, which is a measure of left ventricular filling pressure.  Left ventricular fibrosis impairs 

passive relaxation.  E/A, e’ and E/e’ are indices that form part of currently recommended algo-

rithms in the identification of patients with diastolic dysfunction (Nagueh SF, 2016). 

 

Impaired diastolic function underlies the development of heart failure with preserved ejection frac-

tion (HFpEF), the prevalence of which increases with decreasing kidney function.  HFpEF is more 

prevalent and carries a worse prognosis than heart failure with reduced ejection fraction (HFrEF) 

in CKD patients (Kim MK et al, 2013; Ahmed A et al, 2007). 

 

Impaired diastolic function in CKD patients is mediated by increased preload due to volume over-

load and anaemia as well as increased afterload caused by arteriosclerosis mediated arterial 
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stiffness.  Arterial stiffness enhances the forward wave pressure and thereby wave reflection and 

pulse pressure (Wang X et al, 2019; Zanoli L et al, 2019). 

 

Left ventricular hypertrophy comprises another highly prevalent cardiovascular abnormality in 

CKD (Wang X, 2019; Zanoli L, 2019).  It is also due to increased preload and afterload and is a 

strong predictor of incident cardiovascular events.  However, the reported mechanistic link be-

tween impaired diastolic function and left ventricular hypertrophy has been questioned (Wang X 

et al, 2019). 

 

Circulating levels of N-terminal proBNP (NT-proBNP) are mostly used in the evaluation of patients 

with heart failure (Gutierrez MC et al, 2013).  In CKD, NT-proBNP is a marker of volume overload 

(Kim J-S et al, 2017). 

 

Previously reported cohort studies suggest that volume overload may be particularly important in 

the development of CVD among dialysis patients (Zoccalli C et al, 2017).  By contrast, increased 

afterload may comprise a predominant cardiovascular risk mechanism among pre-dialysis pa-

tients (Chirinos JA et al, 2014).  Additionally, anaemia is associated with volume overload (Hung 

S-C et al, 2015) as well as NT-proBNP concentrations in patients with HFpEF, whereas diabetes 

is strongly associated with impaired arterial function in CKD persons who are not on dialysis 

(Townsend RR, 2015).   

 

We therefore hypothesized that, in established confounder adjusted analysis, impaired arterial 

function indices are more strongly associated with E/e’ in non-dialysis compared to dialysis pa-

tients whereas NT-proBNP levels are more closely related to E/e’ in dialysis compared to non-

dialysis persons.  We further examined whether traditional and non-traditional or renal cardiovas-

cular risk factors including diabetes and haemoglobin levels, could explain the associations of 

arterial function measures and NT-proBNP levels with E/e’ in CKD patients. 
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Association of post transplantation anaemia and persistent secondary hyperparathyroid-

ism with diastolic function in stable kidney transplant recipients  

Kidney transplant recipients experience a markedly improved quality of life and reduced CVD risk 

when compared to those on ongoing dialysis (Devine PA et al, 2019).  Indeed, a functioning 

allograft can improve echocardiographically identified abnormalities.  Nevertheless, kidney trans-

plant recipients still experience a 3 to 5 fold increased risk of CVD and, in particular, non-athero-

sclerotic CVD (Lentine KL et al, 2005; Rigatto C et al, 2002).  Approximately 18% of kidney trans-

plant recipients still develop de novo heart failure within 3 years subsequent to transplantation 

(Lentine KL et al, 2005). 

 

Reportedly, half of patients undergoing kidney transplantation have impaired diastolic function 

(Himelman RB et al, 1988).  The determinants of diastolic function among stable kidney transplant 

recipients (transplant duration of >6 months, absence of acute rejection and glomerular filtration 

rate of >15 ml/min/1.37m2) (Ducloux D et al, 2000) await further elucidation.  In this regard, late 

post transplantation anaemia (Gafter-Gvili A et al, 2019) and persistent hyperparathyroidism 

(Santos RD et al, 2019) are present in 35% and 50% of kidney transplant recipients, respectively.   

 

Anaemia can cause not only increased preload and left ventricular mass but also tissue hypoxia 

with consequent myocardial fibrosis (Mistry N et al, 2018; Caramelo C et al, 2007; D’Amario D et 

al, 2019; Lopez B et al, 2008).  Secondary hyperparathyroidism can increase cardiac afterload 

by enhancing arteriosclerosis (Devine PA et al 2019) and induce cardiac hypertrophy and myo-

cardial fibrosis directly (Fujii H et al, 2018).  

 

In view of these reported findings, herein we hypothesized that post transplantation anaemia and 

persistent secondary hyperparathyroidism are potential determinants of diastolic function in sta-

ble kidney transplant recipients.   
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The optimal haemoglobin target in dialysis patients may be determined by its contrasting 

effects on arterial stiffness and pressure pulsatility 

The prevalence of anaemia in ESRD patients is ~90% (Alemu B et al, 2021).  It is caused by 

multiple factors including relative erythropoietin deficiency, iron deficiency, blood loss, reduced 

erythrocyte survival duration, inflammation, infection, underlying hematologic disease, hyperpara-

thyroidism, hemolysis and nutritional factors (Fishbane S et al, 2018). 

 

Upon treating severe anaemia with erythropoietin in dialysis patients, quality of life improves and 

the need for hospitalization and blood transfusion decreases when targeting a haemoglobin level 

of 11.0 g/dl (Jones M et al, 2004).  However, upon targeting a haemoglobin level of ~13 g/dl with 

erythropoietin, the risk of all-cause mortality, stroke, hypertension and vascular access throm-

bosis increases (Promminitikul A et al, 2007; Palmer SC et al, 2010).  Due to previously reported 

trial designs, the effects of a haemoglobin level of 11.5 to 13 g/dl on the vasculature remain cur-

rently unknown.  The reasons why total correction of anaemia is associated with adverse CVD 

events in dialysis patients are unclear.  Postulates include frequent underlying atherosclerotic 

disease, increased viscosity and platelet aggregation and increased peripheral vascular re-

sistance.  Notably in this regard, haemoglobin is a potent nitric oxide scavenger (Donadee C et 

al, 2011).  Nitric oxide reduces arterial stiffness and peripheral vascular resistance (Wilkinson IB 

et al 2004).  Given that CKD causes severe arteriosclerosis, it is therefore conceivable that in-

creases in the haemoglobin level could enhance arterial stiffening further whereas a reductions 

in the haemoglobin level may further increase pressure pulsatility in the present context.  Both 

arterial stiffness and pressure pulsatility increase CVD risk (Hashimoto J et al, 2010). 

 

We therefore assessed the independent relationships of haemoglobin levels with arterial function 

measures including pulse wave velocity, wave reflection and pressure pulsatility in a cohort of 

dialysis patients. 
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Study/Paper 1 

Study/Paper 1 shows that black compared to other African predialysis patients experience an 

increased traditional and non-traditional cardiovascular risk factor burden and more impaired ar-

terial and diastolic function.  Once on dialysis, black African patients sustain less frequent cardi-

ovascular event rates, which may represent a survival bias.  The atherosclerotic burden is smaller 

in black compared to other African CKD patients but the Framingham score is unreliable in iden-

tifying those with very high risk atherosclerosis, which is nevertheless present in ~30% of them. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



23 

 

 

Research Article 

Cardiovascular risk factor profiles and disease in black compared to other Africans with 

chronic kidney disease 

 

Hon-Chun Hsu1,2, Chanel Robinson1, Angela J. Woodiwiss1, Gavin R. Norton1, Patrick H.  

Dessein1,2,3,4  

 

1Cardiovascular Pathophysiology and Genomics Research Unit, School of Physiology, Faculty 

of Health Sciences, University of the Witwatersrand, Johannesburg, South Africa 

2Nephrology Unit, Milpark Hospital, Johannesburg, South Africa 

3Internal Medicine Department, Faculty of Health Sciences, University of the Witwatersrand,  

Johannesburg, South Africa 

4Free University and University Hospital, Brussels, Belgium 

 

ORCID identifiers: Hon-Chun Hsu: https://orcid .org/0000-0003-4180-1552; Chanel Robinson: 

https://orcid .org/0000-0002-9385-2709; Angela J. Woodiwiss: https://orcid.org/0000-0001-

2555-4125; Gavin R. Norton: https://orcid .org/0000-0001-6416-6104; Patrick H. Dessein: 

https://orcid .org/0000-0002-9357-4630 

 
Correspondence should be addressed to Patrick H Dessein; patrick.dessein22@gmail.com 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://orcid.org/0000-0001-2555-4125
https://orcid.org/0000-0001-2555-4125


24 

 

 

Abstract 

Background and objectives. The extent to which chronic kidney disease (CKD) impacts cardio-

vascular disease (CVD) in black Africans is uncertain.  We compared cardiovascular risk factors 

and CVD between black and other African CKD patients.   

 

Methods.  Cardiovascular risk factors, aortic and cardiac function, atherosclerosis extent and car-

diovascular event rates were assessed in 115 consecutive pre-dialysis (n=67) and dialysis pa-

tients (n=48) including 46 black and 69 other (32 Asian, 28 white and 9 mixed race) participants.  

Data were analysed in multivariable regression models.   

 

Results. Overall, black compared to other African CKD patients had less frequent carotid artery 

plaque (OR (95% CI)=0.38 (0.16-0.91) despite an increased cardiovascular risk factor burden.  In 

receiver operator characteristic curve analysis, the Framingham score performed well in identify-

ing non-black but not black CKD patients with carotid plaque (area under the curve (AUC) (95% 

CI)=0.818 (0.714-0.921) and AUC (95% CI)=0.556 (0.375-0.921), respectively).  Black compared 

to other African pre-dialysis patients experienced larger Framingham scores and more adverse 

non-traditional cardiovascular risk factors, impaired arterial and diastolic function but similar car-

diovascular event rates (OR (95% CI)=0.93 (0.22 to 3.87)).  Among dialysis patients, black com-

pared to other Africans had an overall similar traditional and non-traditional cardiovascular risk 

factor burden, similar arterial and diastolic function but increased systolic function (partial 

R=0.356, p=0.01 and partial R=0.315, p=0.03 for ejection fraction and systolic volume, respec-

tively) and reduced cardiovascular event rates (OR (95% CI)=0.22 (0.05 to 0.88)).   

 

Conclusion.  Black compared to other African CKD patients have less frequent very high risk 

atherosclerosis and experience weaker cardiovascular risk factor-atherosclerotic CVD relation-

ships.  These disparities may be due to differences in epidemiological health transition stages.  

Among dialysis patients, black compared to other Africans have less cardiovascular events, which 

may represent a selection bias as previously documented in black American.   
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1. Introduction  

The global prevalence of chronic kidney disease (CKD) was recently estimated at 9.1% [1], 

whereas that in sub-Saharan Africa was 10.7% and ranged from 6.6% to 14% in west compared 

to South African sites [2].  Most patients with CKD are more likely to die from cardiovascular 

disease (CVD) than develop kidney failure [3,4].  CVD in CKD is mediated by adverse traditional 

cardiovascular risk factor profiles and renal disease specific factors including calcium-phosphate 

imbalance, anaemia, chronic volume overload and oxidative stress [3,4].  The risk of cardiovas-

cular disease increases from 1.5 fold in patients with stage 2 CKD to 20 fold in those with end 

stage renal disease (ESRD) [3].  

   Presently available evidence on the effects of CKD on CVD originates in studies that were 

mostly performed in high income countries.  Sub-Saharan Africa is a large continent that consists 

of low and middle income countries [5,6].  The sub-Saharan African black population is currently 

undergoing rapid urbanization and, consequently, an epidemiological health transition [7].  Cardi-

ovascular risk factor profiles and their impact on CVD as well as cardiovascular event phenotypes 

differ in low or middle compared to high income populations [7].  Black South African persons 

currently experience smaller age-standardized mortality rates from ischemic heart disease than 

their non-black counterparts [8].  By contrast, age-standardized mortality rates due to cerebro-

vascular and hypertensive heart disease are much larger in black compared to other South Afri-

cans [8]. Compared to their white counterparts, black Americans with pre-dialysis chronic kidney  

disease experience an enhanced risk of CVD mortality [9].  This disparity further increases with 

CKD severity [9].  However, survival is better in black compared to white Americans once they 

are on dialysis [9]. 

   The extent to which CKD impacts CVD risk among black Africans is less well established.  The 

respective evidence derives from investigations that included only patients on dialysis [10-13].  In 

two retrospective cohort studies, sepsis was a more frequent cause of death than CVD among 

predominantly black African dialysis patients [10,12].  Another study revealed a markedly low 

prevalence of coronary and aortic calcification in black African dialysis patients [11].  Yet, Amira 

and colleagues [13] identified carotid artery plaque in 38.1% of 58 black and 26 non-black African 

dialysis patients.  Notably, the mean age of participants in these studies was as low as 36 to 42 

years [10-13].  In the present study, we compared cardiovascular risk factor profiles [14], large 

artery function including arterial stiffness, wave reflection and pressure pulsatility [14-16], left ven-

tricular systolic and diastolic function [17], atherosclerosis extent and cardiovascular event rates 

between black and other African pre-dialysis and dialysis patients.                          
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2. Patients and Methods 

2.1. Patients. One hundred and fifteen consecutive pre-dialysis or dialysis patients that included 

46 black and 69 other (32 Asian, 28 white and 9 mixed race) participants, were recruited at the 

Milpark Hospital in Johannesburg, South Africa.  Pre-dialysis patients had a Chronic Kidney Dis-

ease Epidemiology Collaboration estimated glomerular filtration rate (eGFR) [18] of <60 

ml/min.1.73m2 upon enrolment.  Patients with infection or/and active cancer were excluded.  The 

study was approved by the University of the Witwatersrand Human (Medical) Research Ethics 

Committee (protocol number: M15-08-43) in Johannesburg, South Africa and performed accord-

ing to the 2013 revised Helsinki Declaration.  Each patient gave written informed consent. 

   

2.2. Methods. Baseline recorded characteristics comprised demographic features, CKD staging, 

lifestyle factors and anthropometric parameters. Dialysis patients were investigated on the day 

prior to undergoing the respective procedure.  Each of these patients was dialysed thrice weekly.       

 

2.2.1. Cardiovascular risk factors and their treatment.  Traditional and non-traditional or kidney 

disease related cardiovascular risk factors and their treatment were recorded using previously 

reported methods [14] and as given in the Supplementary material (methods).  The overall major 

traditional cardiovascular risk factor burden was estimated by calculating the Framingham score 

[19].  For this study, a high phosphate concentration was identified in patients with a phosphate 

level of >1.42 mmol/l or/and when a phosphate lowering agent (calcium carbonate or sevelamer 

in 48 and 1 (black dialysis patient) cases, respectively) was used.   

 

2.2.2. Arterial function.  Central hemodynamic characteristics were determined using a high-fidel-

ity SPC-301 micromanometer (Millar instument, Inc., Houston, Texas), interfaced with a computer 

utilizing SphygmoCor software, version 9.0 (AtCor Medical Pty. Ltd., West Ryde, New South 

Wales, Australia).  We evaluated arterial stiffness as estimated by aortic pulse wave velocity, 

wave reflection as represented by the augmentation index, reflected wave pressure and reflection 

magnitude, and pressure pulsatility measures including central systolic and pulse pressure, pe-

ripheral pulse pressure, pressure amplification and forward wave pressure as previously reported 

[14] and given in the Supplementary material (methods).  

 

2.2.3. Left ventricular structure and function.  Echocardiography was performed as recommended 

by the American Society of Echocardiography convention [17] and using 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 measure-

ments.  We assessed left ventricular structure as represented by mass and hypertrophy, systolic 

function as estimated by ejection fraction and systolic volume, and diastolic function parameters 
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comprising the early (E)/late (atrial) diastolic wave (A) ratio, the peak mitral annulus motion during 

early diastole (e’) and E/e’ ratio, as previously described [17] and given in the Supplementary 

material (methods).   

 

2.2.4. Carotid atherosclerosis.  Carotid artery ultrasound was performed using a Philips CX50 

POC Compact CompactXtreme Ultrasound System (Philips Medical Systems (Pty) Ltd, USA) at-

tached 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 [14].  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 ex-

ternal carotid artery were visualized simultaneously. 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 [20].  Carotid 

ultrasound measurements were made by the same observer that performed the arterial function 

and echocardiographic evaluations (CR).  The intra-observer variability of ultrasound measure-

ments is low in our setting [14].  

 

2.2.5. Cardiovascular event rates.  Cardiovascular event rates included ischemic heart disease 

(acute myocardial infarction, percutaneous transluminal coronary angioplasty and/or coronary ar-

tery bypass surgery), heart failure and/or cerebrovascular and/or peripheral arterial disease that 

was confirmed by a cardiologist, neurologist and vascular surgeon, respectively.  

 

2.2.6. Data analysis.  Data were analysed using the IBM SPSS statistics program (version 23.0 

IBM, USA) and significance was set at p ≤0.05.  Significance was consistently analysed with two-

sided tests.  Results are expressed as mean (SD) or median (interquartile range, IQR) for contin-

uous variables and percentages for categorical variables.  Non-normally distributed characteris-

tics were logarithmically transformed prior to entering them in multivariable regression models.    

   We compared traditional and non-traditional cardiovascular risk factor profiles, arterial function 

parameters, left ventricular structure and function variables, atherosclerosis markers and cardio-

vascular event rates between black and other African chronic kidney disease patients in age and 

sex adjusted multivariable regression models.  Other established potential confounders or medi-

ators of arterial function [14] were consistently adjusted for in additional models.  We subse-

quently performed sensitivity analyses among pre-dialysis as well as dialysis patients.  Differ-

ences among the 4 investigated groups that included black and other African pre-dialysis and 

black and other African dialysis patients were assessed by ANOVA, Kruskall-Wallis and chi-quare 

test for continuous normally distributed, continuous non-normally distributed and categorical var-

iables, respectively.  The performance of the Framingham score in identifying black and other 
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African chronic kidney disease patients with very high CVD risk as represented by carotid plaque 

presence was determined in receiver operator characteristic (ROC) curve analysis.    

 

3. Results 

3.1. Baseline patient characteristics.  As given in Table 1, mean age was 5.6 years smaller in 

black compared to other CKD African patients (p=0.03).  Sex and lifestyle factors did not differ in 

black compared to other African participants.  In age and sex adjusted analysis, black patients 

were more frequently on dialysis (OR (95%CI)=3.18 (1.41 to 7.08)).  Body weight and height were 

each smaller in black compared to other African patients.  These difference reached significance 

for weight (p=0.02) only.  Other anthropometric measures were similar in the two groups. 

 

3.2. Traditional and non-traditional cardiovascular risk factors in black compared to other African 

patients with CKD.  Cardiovascular risk factor profiles are presented in Table 2.  In age and sex 

adjusted analysis, hypertension and diabetes were more prevalent in black compared to other 

African CKD patients.  The use of insulin, diuretics and calcium channel blockers was more fre-

quent whereas that of lipid lowering agents was less prevalent in black compared to other African 

patients.  Systolic blood pressure, heart rate and the Framingham score were each larger in black 

compared to other African patients. 

   With regard to non-traditional cardiovascular risk factors, black patients had more frequently 

high phosphate concentrations, smaller calcium and haemoglobin levels and larger parathyroid 

and ferritin concentrations compared to other African participants.  Black patients also more often 

received erythropoietin stimulating agent and intravenous iron therapy.  In an additional logistic 

regression model in which diuretic agent use was adjusted for, black population origin remained 

associated with low calcium levels (partial R=-0.192, p=0.04).  Black patients used erythropoietin 

stimulating agents and intravenous iron more often than their other African counterparts.          

 

3.3. Arterial function in black compared to other African patients with CKD. As given in Table 3, 

in age and sex adjusted analysis, pressure pulsatility as represented by central systolic and pulse 

pressure, peripheral pulse pressure and forward wave pressure were each larger in black com-

pared to other African CKD patients (model 1 in Table 3).  Upon additional adjustment for other 

established confounders or mediators, these disparities persisted except for as relates to the for-

ward wave pressure.  

 

3.4. Left ventricular structure and function in black compared to other African patients with chronic 

kidney disease.  Cardiac structure and function measures in black and other African CKD patients 

are shown in Table 4.  In age and sex adjusted analysis, black African patients experienced a 

larger E/e’ ratio and smaller e’.   
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3.5. Atherosclerosis and cardiovascular event rates in black compared to other African patients 

with chronic kidney disease. As given in Table 5, in age and sex adjusted analysis, carotid artery 

plaque prevalence was smaller in black compared to other African CKD patients.  The frequency 

of cardiovascular events and carotid intima-media thickness were also smaller in black compared 

to other African patients but none of these differences reached significance.  

 

3.6. Sensitivity analyses 

3.6.1. Baseline characteristics in black compared to other African pre-dialysis and dialysis pa-

tients.  Baseline demographic characteristics, lifestyle factors and anthropometric features did not 

differ significantly in black compared to other pre-dialysis as well as dialysis patients, as shown 

in Table 1. 

 

3.6.2. Traditional and non-traditional cardiovascular risk factors in black compared to other African 

pre-dialysis and dialysis patients.  Table 2 gives the traditional and non-traditional cardiovascular 

risk factors in black compared to other African pre-dialysis and dialysis patients.  Among pre-

dialysis patients, all black African patients were hypertensive as compared to 81.3% of their other 

African counterparts.  Black patients also had a larger systolic blood pressure and used diuretics, 

calcium channel blockers and alpha blockers more frequently.  Diabetes was more prevalent, 

haemoglobin A1c concentrations were larger and insulin was used more frequently in black com-

pared to other African patients.  The Framingham score was larger in black compared to other 

African patients.  With regard to non-traditional cardiovascular risk factors, the prevalence of high 

phosphate levels and parathyroid concentrations were larger and vitamin D levels were smaller 

in black compared to other African patients.   

   Among dialysis patients, beta blockers were used less frequently and heart rate was larger in 

black compared to other African patients.  With regard to non-traditional cardiovascular risk fac-

tors, the calcium x phosphate product was smaller in black compared to other African patients. 

 

3.6.3. Arterial function in black compared to other African pre-dialysis and dialysis patients.   

Arterial function in black compared to other African pre-dialysis and dialysis patients are shown 

in Table 3.  Among pre-dialysis patients, arterial wave reflection markers and, except for the for-

ward wave pressure, pressure pulsatility parameters were larger in black compared to other Afri-

can patients.  Except for as relates to augmentation index and reflection magnitude, each of these 

disparities remained significant in regression models in which, besides age and sex, other estab-

lished potential confounders or mediators were additionally adjusted for.   

   Among dialysis patients, arterial stiffness, wave reflection as well as pressure pulsatility 

measures did not differ significantly in black compared to other African patients. 
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3.6.4. Left ventricular structure and function in black compared to other African pre-dialysis and 

dialysis patients.  Table 4 gives the left ventricular structure and function in black compared to 

other African pre-dialysis and dialysis patients.  Among pre-dialysis patients, the E/e’ ratio was 

larger and the e’ was smaller in black compared to other African patients.  The association of 

black population origin with E/e’ ratio was unaltered upon additional adjustment for left ventricular 

hypertrophy (partial R=0.307, p=0.01) or hypertension (partial R=0.278, p=0.02) but was no 

longer present after diabetes was adjusted for (partial R=0.089, p=0.5). 

   Among dialysis patients, ejection fraction and stroke volume were larger in black compared to 

other African patients.  These associations were materially unaltered upon additional adjustment 

for haemoglobin levels (partial R=0.356, p=0.01 and partial R=0.276, p=0.07).  

 

3.6.5. Carotid atherosclerosis and cardiovascular event rates in black compared to other African 

pre-dialysis and dialysis patients.  Among pre-dialysis patients, carotid atherosclerosis extent and 

cardiovascular event rates did not differ significantly in black compared to other African patients, 

as shown in Table 5.   

   Among dialysis patients, black compared to other African study participants were less likely to 

have experienced any cardiovascular event. 

 

3.6.6. Differences among black and other African pre-dialysis and black and other African dialysis 

patients.  Differences among the 4 investigated groups that included black and other African pre-

dialysis and black and other African dialysis patients were confirmed upon inter-group compari-

sons.  This was the case for body weight as a baseline characteristic (Table1), a substantial 

proportion of the traditional and non-traditional cardiovascular risk factors and their treatment 

(Table 2), pressure pulsatility measures (Table 3), E/e’ (Table 4) and carotid artery plaque and 

intima-media thickness as well as ischemic heart disease (Table 5).         

 

3.7. Association of cardiovascular risk factors with atherosclerosis in black compared with other 

African chronic kidney disease.  The above mentioned results indicate that the cardiovascular 

disease risk factor burden was larger in black compared to other African chronic kidney disease 

patients.  Despite this disparity, the atherosclerosis extent as estimated by carotid plaque preva-

lence was smaller in black compared to other African patients.  In this regard, in interaction anal-

ysis, black population origin impacted the Framingham score – plaque prevalence relationship 

(OR (95% CI)=0.914 (0.862 to 0.970), interaction p=0.003).  As given in Table 6, stratified analysis 

revealed that traditional cardiovascular risk factors were not related to carotid plaque in black 

African patients whereas age, sex, dyslipidemia and the Framingham score were associated with 

atherosclerosis among other Africans.   The performance of the Framingham score in identifying 

black and other African chronic kidney disease patients with carotid plaque in ROC curve analysis 
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is shown in Figure 1.  The area under the curve (AUC) (95% CI) for the association of the Fram-

ingham score with plaque was 0.556 (0.375 to 0.737) (p=0.6) in black compared to 0.818 (0.714 

to 0.921) (p<0.0001) in other Africans.   

   

Non-traditional cardiovascular risk factors were not associated with carotid plaque (data not 

shown).   

 

4. Discussion 

To our knowledge, this is the first study that compared the traditional and non-traditional cardio-

vascular risk factor burden and subclinical and established CVD between black and other pre-

dialysis and dialysis African patients that were seen at the same centre.  The main novel findings 

produced by our investigation were as follows: (1) overall, black compared to other African CKD 

patients experienced a larger traditional cardiovascular risk factor burden as estimated by the 

Framingham score, more adverse non-traditional cardiovascular risk factors, impaired arterial and 

diastolic function but less frequent very high risk atherosclerosis as represented by carotid artery 

plaque presence and numerically though not significantly smaller cardiovascular event rates; (2) 

black compared to other African pre-dialysis patients experienced a larger traditional cardiovas-

cular risk factor burden, more adverse non-traditional cardiovascular risk factors, impaired arterial 

function and diastolic dysfunction but similar cardiovascular event rates, (3) among dialysis pa-

tients, black compared to other Africans had an overall similar traditional and non-traditional car-

diovascular risk factor burden, similar arterial and diastolic function but increased systolic function 

and reduced cardiovascular event rates, and (4) in ROC curve analysis among all participants, 

the Framingham score was strongly associated with carotid artery plaque in non-black but not 

black African CKD patients.     

   We found that, as applies to American black pre-dialysis CKD patients [9], the prevalence of 

hypertension and diabetes were larger in black compared to other African study participants 

(100% versus 81.3% and 68.4% versus 16.7%, respectively).  These differences translated into 

an overall increased major traditional cardiovascular risk factor burden.  Moreover, hypertension 

was more severe in black pre-dialysis CKD patients in that despite the use of more intensive 

antihypertensive therapy, their systolic blood pressure was larger than in their non-black counter-

parts.   Additionally, black African CKD patients had more frequent high phosphate levels, larger 

parathyroid hormone concentrations and lower vitamin D levels.  

   Severe arteriosclerosis is a characteristic vascular feature of CKD that results in impaired large 

artery function [21].  Increased arterial stiffness, wave reflection and pressure pulsatility in black 

persons were well documented in general population studies [22-24].  These central artery char-

acteristics contribute to heart failure, arrhythmias, sudden death, stroke and myocardial infarction 

in CKD [15,16].   In this study, black African pre-dialysis CKD patients experienced increased 
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wave reflection and pressure pulsatility.  Increased wave reflection contributes to enhanced pres-

sure pulsatility, which is strongly associated with CVD and disease progression in CKD patients 

[21,25-27].  Effective management of impaired central artery function associates with improved 

survival in CKD [21].  Our results therefore argue for comprehensive cardiovascular risk factor 

management among black African pre-dialysis CKD patients.    

   We measured E/A ratio and e’ as markers of left ventricular relaxation and E/e’ ratio as an index 

of left ventricular filling pressure.  The E/e’ ratio and e’ predict incident cardiac and cardiovascular 

events more strongly than the E/A ratio [28].  In this study, the E/e’ ratio was larger and the e’ 

smaller in black compared other African pre-dialysis CKD patients.  Hypertension and diabetes 

are both important determinants of diastolic dysfunction in the general population [29].  In multi-

variate analysis, we found that diabetes but not hypertension explained the association of black 

population origin with impaired diastolic function among pre-dialysis CKD patients.    In contrast 

to black African pre-dialysis patients, those on dialysis experienced similar cardiovascular risk 

factor profiles and arterial and left ventricular diastolic function to those recorded in other Africans.  

In this regard, Bellasi and colleagues [30] previously reported disparities in cardiovascular risk 

factors but similar arterial function in black compared to white American dialysis patients.  More 

noticeably, we found that cardiovascular event rates were significantly reduced by 78% (OR (95% 

CI)=0.22 (0.05 to 0.88)) in black compared to other African dialysis patients.  This is remarkably 

similar to what was reported among black American dialysis patients [9,30].  The likelihood of 

progressing from chronic kidney disease to end-stage renal disease is greater in African Ameri-

cans than whites.  However, once on dialysis, survival is better among African Americans com-

pared with whites.  In 2008, the mortality rate for patients on dialysis was 16% in African Ameri-

cans compared with 24% in whites.  This disparity may be due to black pre-dialysis CKD patients 

being sicker and therefore more likely to die, a phenomenon that would be expected to result in 

a selection of healthier persons that survive by the time they start dialysis [30].  This notion is 

supported by the DOPPS-1 report in which comorbidities, concurrent therapies and nutritional 

variables explained the reduced mortality rates in black compared to white dialysis patients [31].  

The authors concluded that minority group dialysis patients should not be expected to survive 

longer than their white counterparts with similar characteristics.  Interestingly, we also found that 

left ventricular function as estimated by the ejection fraction and stroke volume was more pre-

served in black compared to other African dialysis patients. 

   Besides the decreased cardiovascular event rates in black compared to other African dialysis 

patients, the most striking finding in this study was that, among all study participants, despite the 

more adverse cardiovascular risk factor profiles, impaired arterial function and left ventricular di-

astolic dysfunction, the atherosclerosis extent as represented by plaque presence was overall 

smaller in black compared to other African CKD patients (OR (95% CI)=0.38 (0.16 to 0.91)).  Ad-

ditionally, in black compared to other African pre-dialysis patients, despite more adverse cardio-

vascular risk factor profiles, cardiovascular event rates were not increased (OR (95% CI)=0.93 
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(0.0.22 to 3.87)).  These results suggest that cardiovascular risk factors may be less strongly 

associated with atherosclerotic CVD in black compared to other African CKD patients.  Indeed, 

black population origin impacted the Framingham score-plaque prevalence relationship (interac-

tion p=0.003).  In stratified analysis, the Framingham score was associated with carotid plaque in 

non-black but not black African CKD patients.  ROC curve analysis confirmed that the Framing-

ham score performed well in identifying very high risk atherosclerosis in non-black but not black 

African CKD patients (AUC (95% CI)= 0.818 (0.714 to 0.921) and AUC (95% CI)=0.556 (0.375 to 

0.921)), respectively.  We recently reported the same finding in black African patients with rheu-

matoid arthritis [32-34].  This may be attributable to a shorter lifetime exposure to cardiovascular 

risk factors as part of recent urbanization and an earlier epidemiological transition stage [32].  

More importantly, this finding indicates that cardiovascular risk equations such as the Framing-

ham score should not be relied upon in cardiovascular risk stratification among black African CKD 

patients [33,34].              

   The major limitations of the present study are the relatively small number of patients included, 

particularly in subgroups, its cross-sectional design and that all included participants were en-

rolled at a single centre.  Strengths are that we performed a detailed assessment of not only 

cardiovascular risk factor profiles but also large artery and cardiac function as well as subclinical 

atherosclerosis and that recorded data were compared between black and other African CKD 

patients. 

 

5. Conclusion 

Overall, black compared to other African CKD patients currently experience less frequent severe 

atherosclerosis despite an increased cardiovascular risk factor burden.  The Framingham score 

is useful in atherosclerotic CVD risk stratification among non-black but not black African CKD 

patients.  Among pre-dialysis patients, black compared to other Africans have more adverse tra-

ditional and non-traditional cardiovascular risk factor profiles, impaired arterial function and dias-

tolic dysfunction but similar cardiovascular event rates.  These disparities may originate in differ-

ences in epidemiological transition stages.  Black compared to other African dialysis patients have 

smaller cardiovascular event rates, which may represent a selection bias as previously docu-

mented in black Americans.   

 

Supplementary material 

Methods: Methods used in cardiovascular risk factor and arterial and left ventricular systolic and 

diastolic function recording. 

 

Figure legend 

FIGURE 1: Performance of the Framingham score in identifying non-black (A) and black (B) CKD 

patients with carotid artery plaque. 
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TABLE 1: Baseline characteristics in black compared to other African chronic kidney disease patients overall, and in sensitivity analysis among pre-dialysis and dialysis patients 

____________________________________________________________________________________________________________________________________________________________ 

                           Chronic kidney disease patients 

                          ___________________________________________________________________________________________________________________________________________ 

                          All patients                                                                     Pre-dialysis patients                                                 Dialysis patients   Inter-group 

                                   comparisona 

                        _________________________________             _________________________________          _________________________________ ___________

             

                          Black African Other African  p                    Black African      Other African    p               Black African   Other African   p p              

Characteristic     (n=46)            (n=69)                                    (n=19)                  (n=48)                                          (n=27)                (n=21)                                  

____________________________________________________________________________________________________________________________________________________________ 

Demographics 

  Age (years)  54.3 (14.6) 59.9 (13.3) 0.03 55.7 (14.2) 60.3 (13.6) 0.2 53.3 (15.0) 59.1 (13.0) 0.2 0.1   

  Female sex 18 (39.1) 25 (36.2) 1.0 6 (31.6) 15 (31.3) 0.8 12 (44.4) 10 (47.6) 0.8 0.5  

CKD stage 

  Pre-dialysis 19 (41.3) 48 (69.6) 0.005 - - - - - - -  

  Dialysis 27 (58.7) 21 (30.4) 0.005 - - - - - - -  

Lifestyle 

  Current smoker 2 (4.4) 1 (1.5) 0.4 2 (10.5) 1 (2.1) 0.2 0 (0) 0 (0) - - 

  Ex-smoker 2 (4.4) 6 (8.7) 0.3 0 (0) 4 (8.3) 1.0 2 (7.4) 2 (9.5) 0.5 0.6 

  Alcohol 1 (2.2) 1 (1.5) 0.8 0 (0) 1 (2.1) 1.0 1 (3.7) 0 (0)   - 0.7 

  Exercise 19 (41.3) 23 (33.3) 0.4 6 (31.6) 11 (22.9) 0.5 13 (48.2) 12 (57.1) 0.4 0.06  

Anthropometry 

  Weight (kg) 74.5 (13.0) 81.1 (16.8) 0.02 76.3 (13.6) 83.1 (16.5) 0.07 73.1 (12.7) 76.7 (17.1) 0.5 0.04 

  Height (cm) 167.8 (9.8) 170.5 (10.4) 0.09 170.0 (7.9) 171.3 (9.7)  0.5 166.2 (10.7) 168.6 (11.3) 0.2 0.2 

  Waist (cm) 96.5 (13.1) 102.0 (15.3) 0.1 97.1 (10.4) 101.4 (14.8) 0.3 96.1 (14.9) 103.3 (16.7) 0.3 0.2 
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  Neck (cm) 38.6 (3.8) 39.7 (4.5) 0.2 38.7 (4.7) 39.5 (5.5) 0.7 38.4 (3.1) 40.1 (5.1) 0.3 0.5 

  BMI (kg/m2) 26.6 (5.3) 27.9 (5.6) 0.2 26.5 (5.2) 28.3 (5.5) 0.2 26.7 (5.5) 27.0 (5.8) 0.8 0.4 

  Waist-hip ratio 0.98 (0.11) 0.97 (0.10) 0.2 0.97 (0.14) 0.97 (0.11) 0.6 0.99 (0.09) 0.97 (0.09) 0.3 0.8 

  Waist-height ratio 0.58 (0.09) 0.59 (0.09) 0.5 0.57 (0.07) 0.59 (0.09) 0.5 0.58 (0.11) 0.61 (0.11) 0.7 0.5 

____________________________________________________________________________________________________________________________________________________________ 

Data are expressed as mean (SD) or number (percent) and were analysed in age and sex adjusted linear of logistic regression models as appropriate.  aFor differences among black and  
other African pre-dialysis patients and black and other African dialysis patients.  Significant differences are shown in bold.  Abbreviations: CKD: chronic kidney disease; BMI: body mass index. 
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TABLE 2: Traditional and non-traditional cardiovascular risk factors and their treatment in black compared to other African chronic kidney disease patients overall, and in sensitivity analysis among pre-dialysis and dialysis patients  

__________________________________________________________________________________________________________________________________________________________________________________________ 

                                          Chronic kidney disease patients 

                                      __________________________________________________________________________________________________________________________________________________________ 

                                      All patients                                                                                      Pre-dialysis patients                                                        Dialysis patients                                                                         Inter-group 

                                                                                                                                                                                                                                                                                                                                                                            comparisonb 

                                      ______________________________________________   ______________________________________________   ______________________________________________  __________ 

                                     Black African           Other African          Modela                   Black African           Other African        Modela        Black African        Other African        Modela                    p 

Characteristic            (n=46)                      (n=69)                                                        (n=19)                      (n=48)                                              (n=27)                     (n=21) 

__________________________________________________________________________________________________________________________________________________________________________________________ 

Traditional CV risk factors and  

their treatment    

 Categorical variables    OR (95% CI)   OR (95% CI)   OR (95% CI) 

  Hypertension 45 (97.8) 59 (85.5) 9.05 (1.08-75.59) 19 (100) 39 (81.3)           -  26 (96.3) 20 (95.2) 1.51 (0.08-28.03) 0.04 

  Dyslipidemia 30 (71.4) 53 (85.5) 0.41 (0.15-1.12)  12 (70.6) 41 (91.1) 0.25 (0.06-1.10) 18 (72.0) 12 (70.6) 0.89 (0.21-3.72) 0.1 

  Diabetes 21 (45.7) 19 (27.5) 3.10 (1.30-7.40) 13 (68.4) 8 (16.7) 13.28 (5.51-50.27) 8 (29.6) 11 (52.4) 0.51 (0.13-2.01) <0.0001 

  Antihypertensive treatment 45 (97.8) 59 (85.5) 9.05 (1.08-75.59) 19 (100) 39 (81.3)                 -  26 (96.3) 20 (95.2) 1.51 (0.08-28.03) 0.04 

   ACEI/ARB 36 (81.8) 54 (79.4) 1.07 (0.40-2.87) 15 (83.3) 38 (79.2) 1.41 (0.33-6.03) 21 (80.1) 16 (80.0) 0.70 (0.14-3.47) 1.0 

   Beta blocker 21 (47.7) 30 (44.4) 1.22 (0.51-2.45) 9 (50.0) 16 (33.3) 2.31 (0.72-7.26) 12 (46.2) 14 (70.0) 0.20 (0.05-0.88) 0.04 

   Diuretic  20 (44.4) 19 (27.5) 2.56 (1.11-5.94) 11 (61.1) 13 (27.1) 5.52 (1.59-19.17) 9 (33.3) 6 (28.6) 1.34 (0.36-5.05) 0.07 

   Calcium channel blocker 26 (57.8) 23 (33.8) 2.70 (1.22-6.00) 10 (52.6) 11 (22.9) 3.69 (1.18-11.50) 16 (61.5) 12 (60.0) 1.14 (0.33-3.91) 0.002 

   Alpha blocker 11 (25.6) 13 (19.1) 1.73 (0.67-4.48) 7 (38.9) 8 (16.7) 5.48 (1.31-22.87) 4 (16.0) 5 (25.0) 0.53 (0.11-2.45) 0.2 

  Lipid lowering therapy  21 (47.7) 51 (75.0) 0.33 (0.14-0.75) 9 (50.0) 37 (77.1) 0.32 (0.09-1.08) 12 (46.2) 14 (70.0) 0.31 (0.08-1.12) 0.03 

   Statin  21 (47.7) 51 (75.0) 0.33 (0.14-0.75) 9 (50.0) 37 (77.1) 0.32 (0.09-1.08) 12 (46.2) 14 (70.0) 0.31 (0.08-1.12) 0.03 

   Ezetimibe  4 (9.1) 7 (10.4) 0.96 (0.26-3.61) 2 (11.1) 5 (10.4) 1.26 (0.21-7.59) 2 (7.7) 2 (10.5) 0.72 (0.09-5.95) 1.0 

  Insulin 14 (31.1) 12 (17.4) 2.60 (1.03-6.61) 9 (47.4) 5 (10.4) 7.67 (2.07-28.41) 5 (19.2) 7 (33.3) 0.67 (0.16-2.89) 0.007 

  OGLA 8 (17.8) 6 (8.7) 3.37 (0.98-11.61) 4 (21.1) 4 (8.3) 3.26 (0.64-16.56) 4 (15.4) 2 (9.5) 3.24 (0.40-26.49) 0.5  

Continuous variables   Partial R   p    Partial R  p    Partial R  p 

 Systolic blood pressure 148 (24) 137 (18) 0.271          0.004 145 (25) 135 (16) 0.265        0.03 150 (24) 141 (21) 0.185       0.2 0.02  

 Diastolic blood pressure (mmHg) 84 (13) 82 (10) 0.032  0.7 80 (10) 82 (8) -0.150        0.2 86 (13) 82 (15) 0.083       0.6 0.2 

 Mean blood pressure (mmHg) 105 (14) 100 (11) 0.175 0.06 101 (13) 100 (9) 0.093       0.5  107 (14) 102 (14) 0.155       0.3 0.07 

 Total cholesterol (mmol/l) 4.3 (1.2) 4.2 (1.2) 0.005 1.0 4.2 (1.2) 4.2 (1.1) -0.006       1.0 4.3 (1.2) 4.3 (1.3) -0.001     1.0 1.0 

 LDL-cholesterol (mmol/l) 2.3 (0.9) 2.4 (1.0) -0.047 0.6 2.2 (0.7) 2.3 (0.9) -0.094        0.5 2.4 (1.0) 2.5 (1.1) -0.038      0.8 0.8 
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 HDL cholesterol (mmol/l 1.14 (0.43) 1.14 (0.42) -0.007 0.9 1.03 (0.37) 1.12 (0.42) -0.087 0.5 1.22 (0.45) 1.18 (0.41) 0.058  0.7 0.5 

 Non-HDL cholesterol (mmol/l) 3.1 (1.1) 3.1 (1.0) -0.017  0.8 3.2 (1.3) 3.1 (1.0) 0.025 0.9 3.1 (1.1) 3.3 (1.1) -0.086 0.6 0.9 

 Triglycerides (mmol/l) 1.3 (0.9-1.8) 1.5 (1.1-2.1) -0.080 0.4 1.5 (1.1-1.9) 1.4 (1.1-2.2) 0.033 0.8 1.4 (0.8-1.8) 1.6 (1.2-1.8) -0.127 0.4 0.4 

 Cholesterol-HDL cholesterol ratio     3.8 (2.7-5.2) 3.8 (3.1-4.8) -0.022  0.6 3.7 (3.1-5.4) 3.8 (3.1-4.9) 0.073 0.6 3.8 (2.6-5.1) 3.9 (3.1-4.8) -0.122 0.4 0.9 

 Triglycerides-HDL cholesterol ratio   1.2 (0.7-2.0) 1.4 (0.9-2.1) -0.050 0.8 1.7 (1.2-2.3) 1.5 (1.0-2.1) 0.102 0.4 1.0 (0.6-2.0) 1.3 (0.9-2.4) -0.111 0.5 0.2 

 Haemoglobin A1c (%) 5.6 (5.1-7.0) 5.5 (5.2-6.3) 0.106  0.3 6.9 (5.7-8.3) 5.6 (5.3-6.2) 0.429  <0.0001 5.4 (4.9-5.7) 5.4 (4.9-7.3) -0.094 0.5 0.004 

 Framingham score 23.4 (21.7) 22.6 (16.5) 0.223 0.01 27.9 (23.3) 21.8 (16.3) 0.327  0.008 20.2 (20.2) 24.3 (14.0) 0.046  0.8 0.5 

 Heart rate (beats per minute) 79 (14) 72 (14) 0.196 0.04 76 (15) 72 (15) 0.067  0.6 81 (13) 72 (12) 0.350  0.02 0.05 

 Antihypertensives (n) 2.5 (1.1) 2.0 (1.2) 0.215 0.02 2.8 (1.2) 2.0 (1.2) 0.388  0.001 2.3 (1.1) 2.5 (1.1) -0.149 0.3 0.008 

Non-traditional CV risk factors 

and their treatment 

 Categorical variables   OR (95% CI)    OR (95% CI)    OR (95% CI) 

  High phosphate 34 (77.3) 31 (44.9) 3.99 (1.67-9.54) 9 (52.9) 12 (25.0) 3.31 (1.01-10.89) 25 (92.6) 19 (90.5) 1.20 (0.15-9.92) <0.0001 

  Phosphate binder 22 (52.4) 25 (37.3) 1.71 (0.77-3.81) 4 (23.5) 8 (16.7) 1.55 (0.39-6.10) 18 (72.0) 17 (89.5) 0.27 (0.05-1.52) <0.0001 

  Vitamin D replacement 27 (67.5) 31 (47.7) 2.27 (0.98-5.28) 9 (50.0) 14 (31.1) 1.96 (0.62-6.17) 18 (81.8) 17 (85.0) 1.06 (0.19-6.03) <0.0001 

  Erythropoietin stimulating agent       29 (63.0) 25 (36.2) 3.00 (1.36-6.62) 6 (31.6) 5 (10.4) 3.69 (0.95-14.35) 23 (85.2) 20 (95.2) 0.34 (0.03-3.81) <0.0001 

  Intravenous iron 26 (56.5) 24 (34.8) 2.50 (1.14-5.48) 5 (26.3) 5 (10.4) 3.07 (0.75-12.59) 21 (77.8) 19 (90.5) 0.44 (0.08-2.61) <0.0001 

  Sevelamer 1 (2.0) 0 (0)          -  0 (0) 0 (0)                 -  1 (4.0) 0 (0)                 - 

 Continuous variables   Partial R  p    Partial R  p    Partial R  p 

  Dialysis duration (months) 30 (12-48) 36 (12-48) -0.090  0.6    -     -       -    - 30 (12-36) 36 (12-42) -0.138 0.4 - 

  Phosphate (mmol/l) 1.2 (0.8-1.6) 1.2 (1.0-1.6) -0.022  0.8 1.3 (0.9-1.6) 1.2 (0.9-1.4) 0.076 0.6 1.3 (0.8-1.7) 1.6 (1.1-2.1) -0.268 0.07 0.04 

  Calcium (mmol/l) 2.3 (2.1-2.4) 2.3 (2.2-2.4) -0.205 0.03 2.2 (2.1-2.4) 2.3 (2.2-2.4) -0.120 0.4 2.2 (2.0-2.4) 2.3 (2.2-2.4) -0.254 0.09 0.2 

  Calcium x phosphate  2.5 (1.8-3.8) 2.8 (2.2-3.7) -0.100 0.3 3.0 (2.0-3.6) 2.9 (2.2-3.1) 0.010 0.9 2.9 (1.8-3.8) 3.7 (2.6-4.6) -0.364 0.01 0.02 

  Intact PTH (pg/ml) 287 (141-531) 84 (64-334) 0.270 0.007 232 (92-370) 70.0 (50-111) 0.426 0.001 369 (172-686) 621 (197-801) -0.149 0.4 <0.0001 

  Haemoglobin (g/dl) 10.7 (9.6 -12.5) 12.6 (10.7-14.2) -0.202  0.03 11.5 (10.0-14.9) 13.5 (10.6-15.1) -0.072 0.6 10.6 (9.5-11.9) 11.0 (10.7-12.5) -0.199 0.2 0.001 

  Transferrin saturation (%) 22.0 (17.4-29.0) 22.9 (17.5-30.2) -0.037 0.7 24.1 (13.7-30.6) 21.0 (17.0-29.0) -0.144  0.3 22.6 (20.0-30.0) 25.0 (18.5-28.9) -0.013 0.9 0.3 

  Ferritin (ng/ml) 325 (113-573) 166 (51-365) 0.203 0.03 191 (113-490) 115 (38-224) 0.198 0.1 364 (124-725) 361 (168-609) 0.029 0.8 0.001 

  Albumin (g/l) 36.8 (8.0) 38.6 (5.5) -0.157  0.1 35.3 (9.2) 38.9 (5.4) -0.235  0.06 37.8 (7.0) 38.0 (5.9) -0.025 0.9 0.2 

  Vitamin D (nmol/l) 19.0 (8.8) 19.8 (9.3) -0.050 0.6 15.5 (5.4) 20.9 (9.9) -0.269 0.03 21.4 (9.9) 17.4 (7.2) 0.204 0.2 0.07 

  Uric acid (mmol/l) 0.31 (0.24-0.40) 0.37 (0.28-0.46) -0.184 0.06 0.38 (0.32-0.48) 0.42 (0.35-50.8) -0.157 0.2 0.28 (0.21-0.32) 0.28 (0.17-0.34) 0.029 0.9 <0.0001 

  Hs-C-reactive protein (mg/l) 8.2 (2.6-28.1) 6.0 (2.0-15.5) 0.073 0.5 4.7 (1.3-22.3) 4.1 (2.0-15.1) -0.050 0.7 12.3 (4.1-32.1) 7.7 (1.9-25.4) 0.181  0.2 0.4 

__________________________________________________________________________________________________________________________________________________________________________________________ 

Data are expressed as mean (SD), median (interquartile range) or number (percentage). aAdjusted for age and sex; bfor differences among black and other African pre-dialysis and black and other African dialysis patients.   
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Significant associations are shown in bold.  Abbreviations: CV: cardiovascular; ACEI: angiotensin converting enzyme inhibitor; ARB: angiotensin receptor blocker; OGLA: oral glucose lowering agents; LDL: low density lipoprotein;  
HDL: high density lipoprotein; PTH: intact parathyroid hormone; hs: high sensitivity. 
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TABLE 3: Arterial function in black compared to other African chronic kidney disease patients overall, and in sensitivity analysis among pre-dialysis and dialysis patients 

____________________________________________________________________________________________________________________________________________________________________________________________________ 

                            Chronic kidney disease patients 

                            ______________________________________________________________________________________________________________________________________________________________________________________ 

                            All patients                                                                                                       Pre-dialysis patients                                                         Dialysis patients      Inter-group 

                    comparisona 

                            ______________________________________________________    ______________________________________________________     ____________________________________________________ ___________ 

Arterial               Black African     Other African   Model 1a         Model 2b             Black African     Other African  Model 1a Model 2b          Black African   Other African  Model 1a         Model 2b               p 

function               (n=46)                   (n=69)                                                    (n=19)                 (n=48)                                                                                 (n=27)     (n=21)      

____________________________________________________________________________________________________________________________________________________________________________________________________ 

                                                                                           Partial   p           Partial  p                                                                       Partial   p           Partial   p                                                                            Partial   p           Partial   p 

                                                                                             R                         R                                                                                      R                         R                                                                                           R                         R                                            

PWV (m/s) 12.0 (3.8) 11.4 (4.4) 0.126 0.2 0.031 0.8 12.2 (3.5) 10.9 (3.7) 0.230 0.09 0.210  0.1 11.9 (4.1) 12.2 (5.5) 0.016 0.9 -0.143 0.4 0.6 

Aix (%) 66.6 (16.4) 66.8 (16.7) 0.089 0.4 0.030 0.8 73.3 (18.0) 64.5 (15.7) 0.299 0.03 0.229 0.1 62.2 (14.0) 71.8 (18.2) -0.170 0.3 -0.223 0.2 0.08 

RWP (mmHg)    25.0 (13.8-29.0) 20.5 (15.0-25.0) 0.100 0.2 0.152 0.1 24.0 (14.0-29.0) 19.5 (13.5-23.0) 0.280 0.04 0.307  0.03 25.0 (13.0-29.0) 21.5 (15.8-30.5) 0.126 0.4 0.037 0.8 0.1 

Rm (%) 67.4 (16.8) 67.2 (16.6) 0.099 0.3 0.047 0.7 74.3 (18.4) 64.9 (15.6) 0.309 0.02 0.250 0.09 62.9 (14.4) 72.3 (18.2) -0.159 0.3 -0.213 0.2 0.08 

CSBP (mmHg) 136 (22) 127 (17) 0.265  0.006 0.225 0.02 132 (21) 125 (15) 0.251 0.04 0.361 0.005 139 (22) 132 (22) 0.208 0.2 0.074 0.7 0.03 

CPP (mmHg) 50 (19) 43 (13) 0.292 0.002 0.247 0.01 51 (20) 41 (11) 0.367 0.003 0.390 0.002 50 (18) 48 (17) 0.142 0.4 0.056 0.7 0.04 

PPP (mmHg) 64 (22) 54 (16) 0.283 0.002 0.240 0.01 65 (23) 53 (13) 0.358 0.003 0.405 0.001 64 (22) 59 (21) 0.148 0.3 0.113 0.5 0.03 

FWP (mmHg) 35.2 (12.1) 31.1 (9.5) 0.204 0.04 0.159 0.1 32.5 (12.9) 30.4 (19.2) 0.097 0.5 0.151 0.3 37.0 (11.5) 32.6 (10.2) 0.251 0.1 0.209 0.2 0.1 

____________________________________________________________________________________________________________________________________________________________________________________________________ 

Descriptive results are expressed as mean (SD) or median (interquartile range).  Significant associations are show in bold.  aAdjusted for age and sex; badditionally adjusted for height, weight, heart rate and mean arterial pressure; cfor differ-
ences among black and other African pre-dialysis and black and other African dialysis patients.  Abbreviations: PWV: pulse wave velocity; Aix: augmentation index; RWP: reflected wave pressure; Rm: reflection magnitude; CSBP: centralsystolic 
blood pressure; CPP: central pulse pressure; PPP: peripheral pulse pressure; FWP: forward wave pressure.   
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TABLE 4: Left ventricular structure and function in black compared to other African chronic kidney disease patients overall, and in sensitivity analysis among pre-dialysis and dialysis patients  

_____________________________________________________________________________________________________________________________________________________________________________________ 

 

                                          Chronic kidney disease patients 

                                      _____________________________________________________________________________________________________________________________________________________ 

                                      All patients                                                                              Pre-dialysis patients                                                      Dialysis patients                                                                         Inter-group 

                                                                                                                                                                                                                                                                                                                                                                           comparisonb 

                                      ________________________________________   ________________________________________   ________________________________________  __________ 

                                     Black African    Other African Modela                   Black African  Other African   Modela     Black African    Other African   Modela     p 

Characteristic            (n=46)              (n=69)                                                        (n=19)              (n=48)                                              (n=27)             (n=21) 

_____________________________________________________________________________________________________________________________________________________________________________________ 

Categorical variables   OR (95% CI)   OR (95% CI)   OR (95% CI) 

  LV hypertrophy  21 (45.7) 27 (39.1) 1.50 (0.65 to 3.48) 6 (31.6) 18 (37.5) 0.77 (0.22 to 2.75) 15 (55.6) 9(42.9) 1.78 (0.55 to 6.27) 0.3 

  LV concentric remodelling  15 (33.3) 18 (26.9) 1.36 (0.59 to 3.15) 7 (36.8) 13 (27.7) 1.53 (0.49 to 4.78) 8 (30.8) 5 (25.0) 1.35 (0.35 to 5.14) 0.9 

  Reduced ejection fraction 5 (11.1) 17 (25.3) 0.41 (0.14 to 1.26) 2 (10.5) 11 (23.9) 0.46 (0.07 to 2.62) 3 (11.5) 6 (30.0) 0.32 (0.07 to 1.52) 0.3 

Continuous variables    Partial R  p   Partial R  p   Partial R p 

  LV mass index (g/m2) 104.1 (50.9) 91.4 (38.6) 0.147         0.1 99.2 (38.2) 88.6 (38.2) 0.132         0.3 107.6 (58.8) 97.9 (39.6) 0.084    0.06 0.3 

  LV relative wall thickness 0.39 (0.12) 0.38 (0.12) 0.023         0.8 0.42 (0.13) 0.38 (0.10) 0.132 0.3 0.37 (0.10) 0.39 (0.15) -0.058 0.7 0.6 

  Ejection fraction (%) 65.9 (13.7) 61.2 (14.6) 0.159         0.1 65.7 (15.7) 63.3 (13.8) 0.071 0.6 66.1 (12.3) 56.4 (15.8) 0.356 0.01 0.1 

  Stroke volume (ml/beat) 74.1 (24.7) 66.9 (24.2) 0.150         0.1 67.6 (22.3) 69.2 (24.3) -0.025 0.9 78.9 (25.7) 61.6 (23.6) 0.315 0.03 0.1 

  E/A 1.10 (0.48) 1.01 (0.36) 0.053         0.6 1.19 (0.56) 1.06 (0.38) 0.093 0.5 1.04 (0.41) 0.91 (0.27) 0.135 0.4 0.2 

  E/e’ 11.5 (5.1) 9.7 (4.0) 0.254         0.007 11.3 (5.4) 8.8 (3.6) 0.307 0.01 11.7 (4.1) 11.7 (5.0) 0.070 0.7 0.02 

  Average e’ (cm/s) 8.2 (2.6) 8.7 (2.7) -0.201        0.03 8.4 (2.4) 9.1 (2.7) -0.246 0.04 8.0 (2.8) 7.8 (2.6) -0.049  0.8 0.2 

_____________________________________________________________________________________________________________________________________________________________________________________ 

Data are expressed as mean (SD), median (interquartile range) or number (percentage). aAdjusted for age and sex; bfor differences among black and other African pre-dialysis and black and other African dialysis patients.   
Significant associations are shown in bold.  Abbreviations: LV: left ventricular; E: early diastolic wave; A: late or atrial diastolic wave; e’: peak velocity during early diastole. 
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TABLE 5: Carotid atherosclerosis and cardiovascular event rates in black compared to other African chronic kidney disease patients overall, and in sensitivity analysis among pre-dialysis and dialysis patients  

__________________________________________________________________________________________________________________________________________________________________________________________ 

                                          Chronic kidney disease patients 

                                      __________________________________________________________________________________________________________________________________________________________ 

                                      All patients                                                                                      Pre-dialysis patients                                                       Dialysis patients                                           Inter-group 

                                                                                                                                                                                                                                                                                                                                                                            comparisonb 

                                      _________________________________________   _________________________________________   _________________________________________  __________ 

                                     Black African          Other African     Modela                   Black African          Other African       Modela        Black African        Other African        Modela                    p 

Characteristic            (n=46)                     (n=69)                                                        (n=19)                     (n=48)                                              (n=27)                    (n=21) 

__________________________________________________________________________________________________________________________________________________________________________________________ 

Categorical variables   OR (95% CI)   OR (95% CI)   OR (95% CI) 

 Carotid atherosclerosis  

  Plaque 14 (30.4) 40 (58.8) 0.38 (0.16-0.91) 7 (36.8) 29 (61.7) 0.43 (0.12-1.51) 7 (25.9) 11 (52.4) 0.35 (0.10-1.29) 0.01 

 Cardiovascular events 

  Heart failure 4 (8.7) 8 (11.6) 0.79 (0.22-2.86) 1 (5.3) 4 (8.3) 0.68 (0.07-6.72) 3 (11.1) 4 (19.1) 0.59 (0.11-3.08) 0.5 

  Ischemic heart disease 4 (8.7) 18 (26.1) 0.33 (0.10-1.15) 4 (21.1) 11 (22.9) 1.26 (0.31-5.23) 0 (0) 7 (33.3)                -  0.02 

  Cerebrovascular event 1 (2.2) 4 (5.8) 0.44 (0.05-4.17) 0 (0) 2 (4.2)                 -  1 (3.7) 2 (9.5) 0.39 (0.09-4.87) 0.5 

  Peripheral arterial disease 0 (0) 2 (2.9)                 -  0 (0) 2 (4.2)                 -  0(0) 0(0)                 -                 - 

  Any cardiovascular event 8 (17.4) 24 (34.8) 0.49 (0.19-1.30) 4 (21.1) 14 (29.2) 0.93 (0.22-3.87) 4 (14.8) 10 (47.6) 0.22 (0.05-0.88) 0.07 

Continuous variable   Partial R    p   Partial R    p   Partial R    p 

 Carotid atherosclerosis  

  Intima-media thickness (mm) 0.610  0.690   0.650 0.690   0.580 0.645  

 (0.580-0.725) (0.560-0.875) -0.116 0.2 (0.580-0.725) 0.560-0.875) -0.058 0.6 (0.503-0.691) (0.545-0.763) -0.095 0.5 0.04 

__________________________________________________________________________________________________________________________________________________________________________________________ 

Data are expressed as number (percentage) or median (interquartile range) as appropriate.  aAdjusted for age and sex; bfor differences among black and other African pre-dialysis and black and other African dialysis patients.  
Significant associations are shown in bold. 
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TABLE 6:  Cardiovascular risk factors in black and other African chronic kidney disease patients with and without carotid plaque. 

_______________________________________________________________________________________________________________________________________ 

                            Chronic kidney disease patients 

                    _________________________________________________________________________________________________________________ 

                           Black African patients                                                                                    Other African patient 

                    ___________________________________________________               _____________________________________________________ 

                                    Plaque       No plaque  Plaque No plaque   

CVD risk factor        (n=14) (n=32) OR (95% CI) (n=40) (n=28)                      OR (95% CI) 

_______________________________________________________________________________________________________________________________________ 

Age (years) 57.6 (15.9) 52.8 (14.0) 1.02 (0.98 to 1.07) 66.1 (8.3) 52.1 (14.0) 1.13 (1.06 to 1.20) 

Female sex 7 (50) 11 (34.4) 1.90 (0.53 to 6.84) 7 (17.5) 18 (64.3) 0.12 (0.04 to 0.36) 

Hypertension 14 (100) 31 (96.8)                 - 34 (85.0) 25 (85.7) 0.94 (0.24 to 3.71) 

Dyslipidemia 11 (78.6) 19 (59.4) 2.90 (0.53 to 15.69) 33 (82.5) 19 (67.9) 13.90 (1.61 to 119.78) 

Diabetes 8 (57.1) 13 (40.6) 1.95 (0.55 to 6.95) 12 (30.0) 7 (25.0) 1.29 (0.43 to 3.83) 

Smoking 0 (0) 2 (6.3)                 - 1 (2.5) 0 (0)                 - 

Framingham score 25.0 (20.5) 22.7 (22.4) 1.01 (0.98 to 1.03) 29.8 (15.8) 13.2 (11.7) 1.10 (1.04 to 1.16) 

______________________________________________________________________________________________________________________________________ 

Data are expressed as mean (SD) or number (percent) and were analysed in logistic regression models.  Significant associations are shown in bold.  Abbreviations: 

CVD: cardiovascular disease. 
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                      FIGURE 1:  Performance of the Framingham score in identifying non-black (A) and black (B) CKD patients with carotid artery plaque. 

     A      B 
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Supplementary material 

Methods 

Cardiovascular risk factors.  Hypertension was identified when the systolic or/and diastolic blood 

pressure were ≥ 140mmHg and 90mmHg, respectively, or/and antihypertensive agents were 

used.  Analyses were performed on fasting blood samples using routine laboratory tests for the 

determination of lipid, glucose, phosphate, calcium, haemoglobin, albumin, uric acid and ferritin 

concentrations, transferrin saturation percentages.  Intact parathyroid hormone levels were meas-

ured by an electrochemiluminescent immunoassay on Roche Cobas.  High-sensitive C-reactive 

protein and vitamin D concentrations were both estimated on Abbott Architect using an immuno-

turbidimetric assay and chemoluminescent microparticle immunoassay, respectively.  

Dyslipidemia was diagnosed when the total cholesterol: HDL cholesterol ratio was >4 or/and lipid 

lowering drugs were employed.  Diabetes was identified in patients with a fasting glucose level of 

>7 mmol/l and in those that used glucose lowering medications.  

 

Arterial function.  Subsequent to resting for 15 minutes in the supine position, arterial waveforms 

at the radial (dominant arm), carotid and femoral artery pulses were recorded for a time period of 

ten consecutive waveforms (heart beats).  Calibration of the pulse wave was done by manual 

measurement (auscultation) of brachial BP taken immediately prior to recordings.  A validated 

generalized transfer function incorporated in the SphygmoCor software was used to convert the 

peripheral pressure wave form into a central aortic waveform.  The results were discarded when 

the systolic or diastolic variability of consecutive waveforms exceeded 5% or the amplitude of the 

pulse wave signal was less that 80 mV.  The aortic pulse wave velocity was calculated as distance 

in meters divided by transit time in seconds.  The time delay in pulse waves between the carotid 

and femoral sites was assessed by employing an ECG-derived R wave as a fudicial point.  Pulse 

transit time was calculated as the mean of 10 consecutive beats.  The difference between the 

distance from the femoral sampling site to the suprasternal notch and the distance from the carotid 

sampling site to the suprasternal notch represented the distance the pulse wave travels.  Magni-

tude of the forward and reflected wave components of the aortic pressure waveform was deter-

mined by the SphygmoCor software, which separates the aortic waveform by using a modified 

triangular waveform.  Augmentation index was calculated as (second systolic peak/first systolic 

peak) x 100, reflection magnitude as (reflected wave amplitude/forward wave amplitude) x 100 

and pulse pressure amplification as (radial pulse pressure/aortic pulse pressure) x 100.  All meas-

urements were made by a single experienced observer (CR) who was unaware of the cardiovas-

cular risk factor profiles of the patients.  Brachial blood pressure was recorded in all patients.  

Technically sound measurements of the central pressure wave and pulse wave velocity were ob-

tained in 151 and 140 patients, respectively. 
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Left ventricular structure and function.  Echocardiography was performed with the patient in the 

partial left decubitus position.  Left ventricular dimensions were determined by measuring the left 

ventricular internal end diastolic and end systolic diameters and wall thickness (inter-ventricular 

septal and posterior wall thickness) in the parasternal long axis view by two-dimensional directed 

M-mode echocardiography.  Left ventricular end diastolic and systolic volumes were assessed 

using the Teichholz method [1].  Stroke volume was determined from the difference between LV 

end diastolic and systolic volumes as evaluated upon employing the Z-derived method [2].  Left 

ventricular ejection fraction was calculated as [(left ventricular end diastolic volume – left ventric-

ular end systolic volume) / left ventricular end diastolic volume] x 100.  Left ventricular mass was 

determined using a standard formula [3] and indexed to body surface area (left ventricular mass 

index).  Left ventricular relative wall thickness was calculated as (left ventricular diastolic posterior 

wall thickness x 2) / left ventricular end diastolic diameter [4].  Left ventricular hypertrophy was 

identified when left ventricular mass index was >95 g/m2 for women and >115 g/m2 for men [3].  

   Left ventricular diastolic function was assessed using pulsed Doppler and tissue Doppler imag-

ing [5].  Transmitral flow patterns were recorded at the mitral valve leaflet tips using pulsed Doppler 

in the apical four chamber view.  From the mitral valve inflow velocity curve, the early (E) and late 

(atrial-A) diastolic wave were measured and the ratio of early and late diastolic filling (E/A) was 

calculated.  To perform tissue Doppler imaging, the velocity of myocardial tissue lengthening was 

measured by placing the curser at the septal and lateral corners of the mitral annulus in the apical 

four chamber view.  To determine diastolic function using tissue Doppler imaging, the early dias-

tolic mitral annulus motion (e’) was recorded.  Because mitral E is dependent on ventricular relax-

ation as well as left atrial driving forces (pressures), while e’ is dependent on relaxation alone, E/e’ 

ratio is considered to be an index of left ventricular filling pressures.  The E/e’ ratio was calculated 

as mitral E/the average of septal and lateral e’.   

Echocardiographic measurements were made by the same observer that performed the arterial 

function evaluation (CR).  Intra-observer variation for echocardiographic measurements is low in 

our setting [6].  
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Study/Paper 2: 

Study/Paper 2 shows that cardiovascular risk factors that are independently associated with 

E/e’ include impaired arterial function and diabetes in predialyis patients, and volume overload 

and low haemoglobin concentrations in dialysis patients. 
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Abstract 

Aim: We hypothesized that arterial function and N-terminal natriuretic peptide (NT-proBNP) 

levels as a marker of volume overload, relate differently to E/e’ as an index of diastolic function 

in dialysis compared to non-dialysis patients with chronic kidney disease.  We further exam-

ined whether cardiovascular risk factors attenuated these relationships.   

Methods: We assessed cardiovascular risk factors and determined arterial function indices 

by applanation tonometry using SphygmoCor software and E/e’ by echocardiography in 103 

(62 non-dialysis and 41 dialysis) patients.   

Results:  In established confounder adjusted analysis, dialysis status impacted the pulse 

wave velocity-E/e’ relationship (interaction p=0.01) but not the NT-proBNP level-E/e’ associa-

tion (interaction p=0.1).  Upon entering arterial function measures and NT-proBNP levels sim-

ultaneously in regression models, arterial function measures were associated with E/e’ 

(p=0.008 to 0.04) in non-dialysis patients whereas NT-proBNP levels were related to E/e’ in 

dialysis patients (p=0.009 to 0.04).  Bivariate associations were found between diabetes 

(p<0.0001) and E/e’ in non-dialysis patients, and haemoglobin concentrations and E/e’ 

(p=0.02) in those on dialysis.  Upon adjustment for diabetes in non-dialysis patients, only cen-

tral pulse pressure remained associated with E/e’ (p=0.02); when haemoglobin concentrations 

were adjusted for in dialysis patients, NT-proBNP levels were no longer associated with E/e’ 

(p=0.2).  In separate models, haemoglobin levels were associated with E/e’ independent of 

left ventricular mass index and preload and afterload measures (p=0.02 to 0.03).   

Conclusions: The main determinants of E/e’ may differ in non-dialysis compared to dialysis 

patients.  These include arterial function and diabetes in non-dialysis patients, and volume 

overload and anaemia in dialysis patients. 

KEYWORDS:  

chronic kidney disease, E/e’, arterial function indices, NT-proBNP levels, haemoglobin 
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Introduction  
Impaired diastolic function and consequent heart failure with preserved ejection fraction 

(HFpEF) are highly prevalent in patients with chronic kidney disease (CKD).1,2  The frequency 

of diastolic dysfunction increases in relation to CKD severity.2  Accordingly, up to 85% of dial-

ysis patients have some degree of diastolic dysfunction.2  The prevalence of HFpEF is larger 

than that of heart failure with reduced ejection fraction (HFrEF) in CKD.1  Moreover, mortality 

rates associated with HFpEF are larger than those related to HFrEF in CKD patients.3   

   Hemodynamic factors that mediate impaired diastolic function in CKD comprise increased 

afterload and preload.4  With regard to increased afterload, CKD is characterized by marked 

arteriosclerosis, which increases arterial stiffness as is mostly estimated by carotid-femoral 

pulse wave velocity.5  Increased arterial stiffness results in a larger forward wave pressure, 

which enhances wave reflection.  These changes translate into an increased pulse pressure 

and reduced coronary perfusion.   

   Increased preload in CKD is mostly due to volume overload and anaemia.4  In this regard, 

anaemia may lead to diastolic dysfunction via three pathways: (a) hyperdynamic circulation 

and increased preload, (b) myocardial ischemia and (c) myocardial fibrosis.4,6-8  Both in-

creased afterload and preload in CKD are associated with left ventricular hypertrophy, which 

is the most frequently identified cardiovascular abnormality in CKD.4  Left ventricular hyper-

trophy is traditionally considered to be involved in the development of diastolic dysfunction 

among patients with CKD.4  However, in an experimental model of chronic kidney disease, 

diastolic dysfunction occurred prior to changes in left ventricular geometry.9   

   N-terminal proB-type natriuretic peptide (NT-proBNP) is secreted by cardiomyocytes in re-

sponse to stretch caused by increased left ventricular volume and pressure as well as other 

factors including particularly hypoxia.10,11  In CKD, increased NT-proBNP concentrations is a 

marker of fluid overload.12  NT-pro-BNP levels predict cardiovascular events and all-cause 

mortality in haemodialysis patients.13  Kim and colleagues recently reported an association of 

NT-proBNP concentrations with volume overload as well as diastolic dysfunction in non-dial-

ysis CKD stage 5 patients.14 
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   The impact of fluid overload on cardiovascular and all-cause mortality is well documented in 

dialysis patients.15,16  By contrast, increased afterload may be a more important cardiovascular 

risk determinant in non-dialysis patients.  Indeed, whereas pulse wave velocity independently 

predicted incident heart failure and mortality in non-dialysis patients that participated in the 

Chronic Renal Insufficiency Cohort,17,18 it did not meaningfully improve cardiovascular and all-

cause mortality risk discrimination and reclassification beyond clinical risk scores in 2 large 

dialysis cohorts.19  We therefore hypothesized that, in established confounder adjusted anal-

ysis, impaired arterial function indices are more strongly associated with E/e’ in non-dialysis 

compared to dialysis patients whereas NT-proBNP levels are more closely related to E/e’ in 

dialysis compared to non-dialysis persons.  E/e’ is calculated as the ratio of early diastolic 

mitral inflow velocity to early diastolic mitral annulus velocity.  It represents left ventricular filling 

pressure and is one of the echocardiographic indices of diastolic function.1,14  Importantly in 

the present context, diabetes is related to impaired arterial function in CKD20 whereas haemo-

globin concentrations are inversely associated with natriuretic peptides in patients with 

HFpEF.21,22  In view of these reported findings, we further examined whether traditional and 

non-traditional or renal cardiovascular risk factors including diabetes and haemoglobin levels, 

could explain the associations of arterial function measures and NT-proBNP levels with E/e’ 

in CKD patients.       

 

1  METHODS 

1.1  Patients 

One hundred and three patients including 62 non-dialysis and 41 dialysis participants were 

enrolled at the Milpark Hospital in Johannesburg, South Africa.  Patients with previously diag-

nosed heart failure, infection or/and active cancer were excluded.  Only one male non-dialysis 

patient had paroxysmal atrial fibrillation and he experienced sinus rhythm at the time he was 

investigated.  Non-dialysis patients had a Chronic Kidney Disease Epidemiology Collaboration 

estimated glomerular filtration rate (eGFR) of <60 ml/min/1.73m2 upon enrolment.  The mean 

(SD) eGFR in non-dialysis patients was 33.4 (17.9) ml/min/1.73m2; 34 (54.8%), 16 (25.8%) 
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and 12 (19.4%) of them had stage 3, stage 4 and stage 5 CKD, respectively.   Dialysis was 

performed thrice weekly for 4 hours per session at the haemodialysis unit at Milpark Hospital.  

The study was carried out in accordance with the Helsinki Declaration as revised in 2013.  

Study approval was obtained from the University of the Witwatersrand Human (Medical) re-

search Ethics Committee (protocol number: M15-08-43) in Johannesburg, South Africa.  Each 

patient provided written informed consent prior to participation. 

 

1.2  Methods  

Patient characteristics that were recorded included demographic variables, lifestyle factors, 

anthropometric features, traditional and non-traditional cardiovascular risk factors, established 

cardiovascular disease, arterial function indices, echocardiographic features and systemic 

vascular resistance.  All investigations were performed on a single day.  In dialysis patients, 

the data were recorded on the day prior to undergoing the respective procedure.       

   Traditional and non-traditional or renal cardiovascular risk factors were recorded as previ-

ously reported and provided in the online Supporting Information (Methods).  For the present 

study, high phosphate was considered present when the phosphate concentration was >1.42 

mmol/l or/and phosphate lowering drugs including calcium carbonate or sevelamer therapy in 

41 and 1 patients, respectively, was used.  Mean arterial blood pressure for the peripheral 

waveform was determined electronically by the SphygmoCor device (see below) and using 

the formula             

         TF 
         Σ Pi 
          i=T0 

MP= _________ 

            n       

where T0=start of the waveform; TF=end of waveform; Pi=pressure points and n=number of 

pressure points.  The mean blood pressure was recorded during 8 consecutive heartbeats 

once the pulse wave form was consistent with less than 5% variation in pulse height and 

diastolic pressure. 



57 
 

 

   Established cardiovascular disease comprised ischemic heart disease and cerebrovascular 

and peripheral arterial disease, the presence of which was confirmed by a cardiologist, neu-

rologist and vascular surgeon, respectively.  

   Applanation tonometry and SphygmoCor software were used to determine central hemody-

namic features as previously reported and provided in the online Supporting Information 

(Methods).  We determined aortic pulse wave velocity, augmentation index, reflected wave 

pressure and reflection magnitude, central systolic and pulse pressure, peripheral pulse pres-

sure and forward wave pressure.  

   NT-proBNP concentrations were determined by an electrochemiluminescence immunoas-

say on Cobas (Roche Diagnostics, Mannheim, Germany).  The measurement range was 10 

to 35000 pg/ml.  The intra-assay and inter-assay coefficients of variation were 3.0% and 4.8%, 

respectively.   

   Echocardiography was performed in accordance with recent recommendations23,24 and us-

ing a Philips CX50 POC Compact CompactXtreme Ultrasound System (Philips Medical Sys-

tems (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 assessed left ventricular mass index by the linear 

method using 2D-guided M-mode echocardiography and indexed to body surface area, left 

ventricular end diastolic volume and diastolic function variables including the early (E)/late 

(atrial) diastolic wave (A) ratio, the peak mitral annulus motion during early diastole (averaged 

septal and lateral e’) and E/e’ ratio, as previously described and provided in the online Sup-

porting Information (Methods).   

   Systemic vascular resistance was calculated from mean arterial pressure, right atrial pres-

sure and cardiac output according to the equation (mean arterial pressure – right atrial pres-

sure)=systemic vascular resistance x cardiac output assuming that right atrial pressure=10 

mmHg.  Right atrial pressure was taken as a fixed value, as in previous studies among CKD 

patients.25.  Further details are given in the online Supporting Information.  
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1.3  Data analysis 

Results are given as mean (SD), median (interquartile range) or percentages as appropriate. 

Non-normally distributed variables were logarithmically transformed prior to entering them in 

linear multivariate regression models.   

   We compared the recorded characteristics between non-dialysis and dialysis patients in 

age, sex and race adjusted linear or logistic regression models as appropriate, with additional 

adjustment for waist-height ratio, mean blood pressure and heart rate upon comparing arterial 

function parameters and for left ventricular mass index upon comparing diastolic function 

markers. 

   The subsequent analyses aimed at identifying factors that were associated with E/e’.  For 

this, potential established confounders were considered when they were related to E/e’ with a 

p value of <0.2.  These included age (p=0.03), waist-height ratio (p=0.13), mean blood pres-

sure (p=0.17) and heart rate (p=0.1).  In this regard, sex (p=0.6), race (p=0.9), body mass 

index (p=0.47) and waist-hip ratio (p=0.6) did not show a tendency to relate to E/e’.  Sex was 

nevertheless forced into the models.      

   Given the above, the associations of arterial function markers and NT-proBNP with E/e’ were 

first assessed in age and sex and subsequently in established confounder (age, sex, waist-

height ratio, mean blood pressure and heart rate) adjusted models; additional adjustment for 

left ventricular mass index and left ventricular end diastolic volume was made when deemed 

indicated.  To assess the impact of CKD status (non-dialysis versus dialysis) on arterial func-

tion-diastolic function and NT-pro-BNP-diastolic function relationships, we added interaction 

terms together with their components to the models.  This was followed by stratified analysis, 

i.e. analysis in non-dialysis and dialysis patients separately.  Subsequently, we re-assessed 

the arterial function-diastolic function and NT-pro-BNP-diastolic function relationships after ad-

ditional adjustment for patient characteristics that were associated with diastolic function in 

bivariate analysis.   

   Statistical analysis was performed on IBM SPSS statistics program (version 23.0 IBM, USA).  

Significance was set at p <0.05.    
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2  RESULTS 

2.1  Recorded characteristics in non-dialysis and dialysis patients 

The recorded characteristics in non-dialysis and dialysis patients are given in Table 1.  Black 

patients were more often on dialysis whereas the reverse applied to white participants.  In age, 

sex and race adjusted analysis, systolic and mean blood pressure were significantly larger in 

dialysis compared to non-dialysis patients.   

   With regard to non-traditional/renal cardiovascular risk factors, dialysis patients experienced 

significantly more frequent high phosphate concentrations, larger intact parathyroid hormone 

and ferritin concentrations and smaller haemoglobin and uric acid levels and were more often 

treated with intravenous iron and erythropoietin stimulating agents compared to non-dialysis 

participants.  

  NT-proBNP concentrations were larger in dialysis compared to non-dialysis patients. As 

given in Table 2, among arterial function parameters, central systolic blood pressure was sig-

nificantly larger in dialysis compared to non-dialysis patients.  

    As also shown in Table 2, on echocardiography, the left ventricular mass index tended to 

be larger in dialysis compared to non-dialysis patients (p=0.07).  E’ was significantly smaller 

and E/e’ significantly larger in dialysis compared to non-dialysis patients; upon additional ad-

justment for left ventricular mass index, e’ remained significantly smaller in dialysis patients 

whereas E/e’ no longer differed between dialysis and non-dialysis participants.  

 

2.2  Established confounder adjusted associations of arterial function and NT-proBNP  

concentrations with diastolic function in all, non-dialysis and dialysis patients 

In all patients, central systolic blood pressure (β (SE)=0.133 (0.050), p=0.009, model 

R2=0.172), central pulse pressure (β (SE)=0.110 (0.035), p=0.002, model R2=0.194), periph-

eral pulse pressure (β (SE)=0.062 (0.025), p=0.01, model R2=0.160), forward wave pressure 

(β (SE)=0.108 (0.046), p=0.02, model R2=0.184) and NT-proBNP (β (SE)=1.870 (0.540), 

p=0.001, model R2=0.220) were associated with E/e’.  Arterial function parameters and NT-

proBNP concentrations were not associated with e’ and E/A (data not shown).   
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   As shown in Supplementary Table 1, CKD status (non-dialysis versus dialysis) impacted the 

pulse wave velocity-E/e’ relationship significantly (interaction p=0.01).  As given in Supple-

mentary Table 2, CKD stage did not influence the NT-proBNP-E/e’ association (interaction 

p=0.1). 

   Table 3 shows the age and sex adjusted and established confounder adjusted associations 

of arterial function and NT-proBNP levels with E/e’ in stratified analysis.  In non-dialysis but 

not dialysis patients, pulse wave velocity, reflected wave pressure, central systolic and pulse 

pressure, peripheral pulse pressure and forward wave pressure were each significantly asso-

ciated with E/e’.  NT-proBNP was significantly associated with E/e’ in both non-dialysis and 

dialysis patients.  Further adjustment for left ventricular mass or left ventricular end diastolic 

volume did not materially alter any of the significant relationships as also given in Table 3. 

   Arterial function parameters and NT-pro-BNP levels were not associated with E/A and e’ in 

stratified analysis (data not shown). 

   Among non-dialysis patients, the estimated glomerular filtration rate was not associated with 

E/e’ (β (SE)=-0.031 (0.034); partial R=-0.123; p=0.4). 

 

2.3  Independent established confounder adjusted associations of arterial function and 

NT-proBNP concentrations with diastolic function in non-dialysis and dialysis patients 

Table 4 gives the established confounder adjusted associations of arterial function measures 

and NT-proBNP concentrations with E/e’ in non-dialysis and dialysis patients when both po-

tential determinants of E/e’ were entered simultaneously in the models.  In non-dialysis pa-

tients, pulse wave velocity, central systolic and pulse pressure and peripheral pulse pressure 

but not NT-proBNP were significantly associated with E/e’.  In dialysis patients, NT-proBNP 

was significantly associated (when entered together with pulse wave velocity or peripheral 

pulse pressure) or tended to be associated (when entered together with augmentation index 

(p=0.05), reflected wave pressure (p=0.06), reflection magnitude (p=0.05), central systolic 

pressure (p=0.05) or forward wave pressure (p=0.05)) with E/e’ whereas arterial function pa-

rameters were not related to E/e’. 
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2.4  Arterial function-E/e’ relationships after additional adjustment for diabetes in non-

dialysis patients and the NT-proBNP levels-E/e’ relationship after additional adjustment 

for haemoglobin concentrations in dialysis patients  

Among the baseline recorded patient characteristics as given in Table 1, bivariate associations 

were found between diabetes (R=0.530, p<0.0001), erythropoietin stimulating agent use 

(R=0.252, p=0.04) and high phosphate concentrations (R=0.246, p=0.05) with E/e’ in non-

dialysis patients whereas haemoglobin (R=-0.359, p=0.02) concentrations were related to E/e’ 

in those on dialysis.  Table 5 shows that upon additional adjustment for diabetes in established 

confounder adjusted models in non-dialysis patients, only the central pulse pressure-E/e’ re-

lationship (partial R=0.301, p=0.02) remained significant; in each of the respective models, 

diabetes was independently associated with E/e’ (partial R=0.497, p=0.002, partial R=0.501, 

p<0.0001, partial R=0.458, p=0.002, partial R=0.501, p<0.0001, partial R=0.476, p<0.0001, 

partial R=0.457, p=0.001, partial R=0.444, p=0.001, and partial R=0.461, p=0.0001 for pulse 

wave velocity, augmentation index log reflected wave pressure, reflection magnitude, central 

systolic blood pressure, central pulse pressure and forward wave pressure, respectively).  

Upon additional adjustment for haemoglobin levels in dialysis patients, NT-proBNP was no 

longer associated with E/e’.  The attenuation of arterial function indices-E/e’ relations upon 

additional adjustment for diabetes in non-dialysis patients and the NT-proBNP-E/e’ associa-

tion upon additional adjustment for haemoglobin concentrations in dialysis patients is further 

illustrated in Figure 1. 

   As shown in the online Supporting Information (Supplementary Table 1), additional adjust-

ment for erythropoietin concentrations or high phosphate levels in non-dialysis patients did not 

materially alter the arterial function-E/e’ associations as were given above and in Table 3.   

 

2.5 Associations of haemoglobin concentrations with E/e’ in dialysis patients 

Given the above mentioned finding that haemoglobin concentrations weakened the NT-

proBNP-E/e’ relationship in dialysis patients, we assessed the independent association of 
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haemoglobin concentrations with E/e’.  Table 6 shows that haemoglobin concentrations were 

associated with E/e’ when adjusted for age, sex, waist-height ratio, mean blood pressure and 

heart rate (first model).  The second model shows that the haemoglobin-E/e’ relationship was 

independent of left ventricular mass index.  In the third model, left ventricular end diastolic 

volume and central systolic blood pressure were additionally adjusted for to account for pre-

load and afterload, respectively.  In the fourth model, mean blood pressure was replaced by 

systemic vascular resistance to account for arteriolar dilatation.  In the fifth model, left ventric-

ular end diastolic volume was omitted to avoid collinearity (Pearson R=-0.500, p<0.0001) be-

tween arteriolar dilatation and preload.  Across the models, haemoglobin was similarly asso-

ciated with E/e’.  

 

3  DISCUSSION 

To our knowledge, this is the first study that compared the associations of arterial function 

indices and NT-proBNP concentrations as a reported marker of volume overload,12  with dias-

tolic function between non-dialysis and dialysis patients with CKD.  Our main findings were as 

follows: (1) CKD status (dialysis versus non-dialysis) influenced the relationship of pulse wave 

velocity with E/e’ independent of established confounders (interaction p=0.01); accordingly, in 

stratified analysis, arterial stiffness, wave reflection and central pressures were significantly 

associated with E/e’ in non-dialysis but not dialysis patients; (2) although NT-pro-BNP con-

centrations were associated with E/e’ in both non-dialysis and dialysis patients, upon entering 

arterial function measures and NT-proBNP levels simultaneously in regression models, only 

arterial function indices were associated with E/e’ in non-dialysis patients and only NT-proBNP 

concentrations was related to E/e’ in dialysis participants; (3)  diabetes attenuated the arterial 

function-E/e’ associations in non-dialysis patients whereas haemoglobin levels attenuated the 

NT-pro-BNP-E/e’ relations in dialysis patients;  (4) in separate models, haemoglobin concen-

trations were associated with E/e’ independent of preload and afterload measures among di-

alysis patients.  Taken together, these findings suggest that potential determinants of diastolic 

function may, at least to an extent, differ in non-dialysis compared to dialysis patients.  
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   It is notable that diabetes prevalence and arterial function measures were overall similar 

among non-dialysis and dialysis patients in the present study.  However, as expected, NT-

proBNP concentrations were larger and haemoglobin concentrations were smaller in dialysis 

compared to non-dialysis participants.  We believe that volume overload and anaemia may 

therefore, at least to some extent, override potential effects of impaired arterial function and 

diabetes on E/e’ in CKD patients once they require dialysis.  By contrast, the effects of im-

paired arterial function and diabetes on E/e’ may outweigh those of volume overload and 

anaemia among those with milder CKD, i.e. non-dialysis patients.      

   NT-proBNP levels are associated with diastolic function in the general population.10,26  In-

creased NT-proBNP production in CKD is reportedly due to volume overload and left ventric-

ular hypertrophy.12  It is therefore of interest that in the present study, NT-proBNP concentra-

tions were associated with E/e’ ratio independent of established confounders that included left 

ventricular mass index and end diastolic volume as a marker of cardiac preload,27 in both non-

dialysis and dialysis patients.  Strikingly, haemoglobin concentrations that were associated 

with E/e’ among dialysis patients in bivariate analysis, weakened the NT-proBNP-E/e’ rela-

tionship in the respective group.  In additional models among dialysis patients, haemoglobin 

concentrations were associated with E/e’ independent of not only left ventricular mass index 

but also arterial function, systemic vascular resistance and left ventricular end diastolic volume 

in dialysis patients.  

   NT-proBNP levels are most valuable in the management of heart failure patients.10,27  In-

creased NT-proBNP production is generally considered to result from an increased ventricular 

mechanical load.10,28  However, the mechanisms that regulate natriuretic peptide gene expres-

sion are not fully elucidated.10  In this regard, systemic hypoxia and particularly hypoxia at the 

cardiomyocyte level comprise stimuli that can directly stimulate natriuretic peptide produc-

tion.10,11,28  With regard to haemoglobin concentrations, besides their effects on tissue hypoxia 

and myocardial fibrosis,6-8 anaemia is associated with increased NT-pro-BNP concentrations 

in persons without heart failure and kidney disease.29  Furthermore, in patients with HFpEF,21 
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haemoglobin concentrations are associated with those of NT-pro-BNP and diastolic dysfunc-

tion severity.  In another study,22 haemoglobin levels were related to natriuretic peptide con-

centrations in patients with HFpEF but not those with HFrEF.  Intravenous iron therapy re-

duces NT-proBNP levels in patients with heart failure and chronic kidney disease.30 These 

reported data and our current findings suggest that low haemoglobin concentrations may me-

diate reduced diastolic function through impaired cardiomyocyte oxygenation rather than its 

hemodynamic effects4 in dialysis patients.  

   In this study, diabetes was associated with E/e’ in bivariate analysis among non-dialysis 

patients.  Upon additional adjustment for diabetes, we found that the arterial function-E/e’ re-

lationships were consistently attenuated among non-dialysis patients and only the association 

between central pulse pressure and diastolic function remained significant (p=0.02).  In a pre-

vious study among non-dialysis patients, those with diabetic nephropathy experienced more 

impaired diastolic function compared to chronic glomerulonephritis participants.31  Also, in the 

Chronic Renal Insufficiency Cohort study, carotid-femoral pulse wave velocity was 2 m/s faster 

in diabetic compared to non-diabetic participants, this within any decade.20  Our current results 

suggest that diabetes can impact diastolic function directly as well as through its effects on 

central pulse pressure in non-dialysis CKD patients. 

   In non-CKD persons, pulse wave velocity and wave reflection mediate cardiac afterload in 

early and systole, respectively.32, 33  Both increased pulse wave velocity and wave reflection 

contribute to an enhanced central pulse pressure and thereby E/e’. 32, 33  In line with these 

reported findings in the non-CKD population, in the present study, each of the respective ar-

terial function measures was associated with E/e’ in non-dialysis patients.  Furthermore, the 

central pulse pressure-E/e’ remained significantly associated with E/e’ even after additional 

adjustment for diabetes.         

   Although increased left ventricular mass is generally perceived as an essential intermediate 

step in the pathophysiology of CKD as well as hypertension induced diastolic dysfunction,4 

impaired diastolic function may antedate left ventricular hypertrophy.4,9  We found that E/e’ 

was larger in dialysis compared to non-dialysis patients and this difference was no longer 
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significant after adjustment for left ventricular mass index.  Nevertheless, arterial function 

measure-E/e’, NT-pro-BNP-E/e’ and haemoglobin-E/e’ relationships were consistently unal-

tered upon adjustment for left ventricular mass index. 

   Arterial function and NT-proBNP concentrations were not associated with E/A in this study.  

This is not surprising as E/A cannot reliably distinguish between diastolic function and altered 

loading conditions.34 E/e’ is strongly associated with incident cardiovascular events in both 

CKD and non-CKD patients.1,35       

   The present study has limitations.  The study design was cross-sectional, which precludes 

determining cause-effect relationships.  The number of enrolled patients was small, particu-

larly in the dialysis group.  Haemoglobin and NT-pro-BNP concentrations were assessed on 

one occasion only, i.e. on the same day that other measurements were made.  Conceptually, 

anaemia may need to be present for prolonged time periods in order for myocardial fibrosis to 

develop.  We may therefore have underestimated the potential impact of low haemoglobin 

levels on diastolic function in dialysis patients.  With regard to NT-pro-BNP concentrations, a 

single measurement at the time of arterial and cardiac function evaluation is likely most ap-

propriate as CKD patients often experience major changes in volume status over time.  All 

participants were enrolled at a single centre.  We did not assess volume status by bioimped-

ance spectroscopy,12,14 which may have been useful in the present context.  We also did not 

consistently measure troponin concentrations, which reportedly comprise a useful biomarker 

of diastolic function in both non-CKD and CKD persons.36,37  Finally, in non-dialysis patients, 

addressing proteinuria may have provided further insights.  A strength of this investigation is 

that our conclusions originate in multivariable regression models in which we consistently ad-

justed for potential established confounders as well as those that were identified in bivariate 

analysis. 

   In conclusion, the main determinants of diastolic function may differ in non-dialysis com-

pared to dialysis patients.  These include arterial function and diabetes in non-dialysis patients 

and volume overload and anaemia in dialysis patients.  
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Additional supporting information on methods (cardiovascular risk factors, arterial function and 

echocardiography) and results (Supplementary Table 1, 2 and 3) may be found online in the 

Supporting Information section at the end of this article. 

 

Figure legend: 

FIGURE 1 Partial correlations (95% CI) for the associations of arterial function measures with 

E/e’ before (open circles) and after (closed circles) additional adjustment for diabetes in non-

dialysis patients and haemoglobin concentrations in dialysis patients.  Age, sex, waist-height 

ratio, mean blood pressure and heart rate were adjusted for in all models.  CI, confidence 

interval; PWV, pulse wave velocity; adj., adjusted; DM, diabetes mellitus; log, logarithmically 

transformed; Pb, backward pressure or reflected wave pressure; SBP, systolic blood pressure; 

PP, pulse pressure; NT-pro-BNP, N-terminal B-type natriuretic peptide.  
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TABLE 1   Baseline recorded characteristics in non-dialysis and dialysis patients 

__________________________________________________________________________________ 

                                            Chronic kidney disease patients 

                                          ___________________________________________________  

                                           Non-dialysis      Dialysis              p  

Characteristic                   (n=62)                         (n=41) 

__________________________________________________________________________________ 

Demographics  

  Age (years) 58.6 (14.1) 55.3 (15.1) 0.4 

  Female sex (%) 20 (32.2) 18 (43.9) 0.1 

  Black (%) 18 (29.0) 24 (58.5) 0.004 

  Asian (%) 21 (33.9) 9 (21.9) 0.1 

  White (%) 21 (33.9) 3 (7.3) 0.006 

  Mixed (%)  2 (3.2) 5 (12.2) 0.2 

Anthropometry 

  Body mass index (kg/m2) 27.8 (5.6) 27.2 (5.9) 0.5 

  Waist-hip ratio 0.96 (0.12) 0.98 (0.09) 0.09 

  Waist-height ratio 0.59 (0.09) 060 (0.11) 0.5 

Major traditional risk factors 

  Hypertension (%) 53 (85.5) 39 (95.1) 0.1 

  Systolic blood pressure (mmHg) 138 (20) 146 (21) 0.02 

  Diastolic blood pressure (mmHg) 81 (9) 85 (15) 0.1 

  Mean blood pressure (mmHg) 100 (11) 105 (14) 0.02 

  Heart rate (beats/min) 74 (15) 76 (12) 0.4 

  Dyslipidemia (%) 49 (86.0) 25 (69.4) 0.06 

  Diabetes (%) 21 (33.9) 14 (34.2) 0.9 

Non-traditional/renal risk factors 

  Dialysis duration, months - 36 (12-48) - 

  Estimated GFR 33.4 (17.9) - - 

  Phosphate (mmol/l) 1.2 (0.9-1.4) 1.4 (0.9-1.7) 0.1 

  Calcium (mmol/l) 2.3 (2.2-2.4) 2.3 (2.1-2.4) 0.2 

  High phosphate 12 (19.7) 30 (81.1) <0.0001 

  Intact PTH (pg/ml) 83.0 (56.0-195.6) 520.3 (193.0-790.0) <0.0001 

  Haemoglobin (g/dl) 12.9 (10.2-15.1) 10.8 (9.8-12.0) <0.0001 
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  Transferrin saturation (%) 20.5 (16.7-27.2) 22.6 (18.0-26.1) 0.4 

  Ferritin (ng/ml) 124 (49-247) 360 (146-603) <0.0001 

  Uric acid (mmol/l) 0.42 (0.12) 0.25 (0.09) <0.0001 

  Intravenous iron therapy (%) 9 (14.5) 34 (82.9) <0.0001 

  ESA therapy (%) 10 (16.1) 38 (92.7) <0.0001 

Cardiovascular disease 13 (20.9) 7 (17.1) 0.8 

NT-proBNP (pg/ml) 527 (78-1901) 4060 (1100-13022) <0.0001 

SVR (mmHg/l/min) 21.1 (15.9-27.1) 20.4 (16.1-24.1) 0.6 
__________________________________________________________________________________ 
Data are expressed as mean (SD) or median (interquartile range) unless indicated otherwise, and 
were analysed in age, sex and race adjusted linear or logistic regression models as appropriate.   
Significant differences are shown in bold.  Abbreviations: GFR, glomerular filtration rate; PTH, intact 
parathyroid hormone; ESA, erythropoietin stimulating agent; NT-proBNP, N-terminal B-type 
natriuretic peptide; SVR, systemic vascular resistance.  
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TABLE 2   Arterial function indices and echocardiographic characteristics in non-dialysis and dialysis patients 
_____________________________________________________________________________________________________________ 

                                              Chronic kidney disease patients 

                                           ____________________________________________________  

                                            Non-dialysis      Dialysis              p  

Characteristic                   Expected values (n=62)                         (n=41) 

_____________________________________________________________________________________________________________ 

Arterial function  

  Pulse wave velocity (mm/sec)  11.1 (2.3) 11.4 (4.3) 0.5/0.6* 

  Augmentation index (%)  66.9 (16.9) 66.3 (16.7) 0.9/0.9* 

  Reflected wave pressure (mmHg)  20.8 (14.3-25.0) 25.0 (15.0-29.0) 0.1/0.1* 

 Reflection magnitude (%)  67.5 (17.1) 66.9 (16.7) 0.9/0.9* 

 Central systolic BP (mmHg)    127 (17.2) 135 (20.9) 0.01/0.02* 

 Central pulse pressure (mmHg)  47 (15) 48 (16) 0.09/0.1* 

 Peripheral pulse pressure (mmHg)  57 (18) 61 (21) 0.1/0.2* 

 Forward wave pressure (mmHg)  31 (10.4) 35 (11) 0.1/0.1* 

Echocardiographic characteristics 

  Left ventricular mass index (g/m2) men: 49-115; women: 43-95 88.7 (37.3) 101.9 (54.1) 0.07 

  Left ventricular EDV (ml) men: 62-150; women: 46-106 125 (59) 140 (70) 0.2 

  Ejection fraction (%) men: 52-72; women: 54-74 65.3 (13.9) 62.3 (13.9) 0.1 

  E/A >0.8 to <2.0 1.05 (0.38) 0.97 (0.35) 0.1/0.1*,* 

  E’ (cm/sec) >8.5 9.0 (2.6) 8.1 (2.8) 0.01/0.02*,* 

  E/e’ <14 9.3 (4.3) 11.0 (4.6) 0.02/0.05*,*  

_____________________________________________________________________________________________________________ 
Data are expressed as mean (SD) or median (interquartile range) and were analysed in age, sex and race adjusted linear regression  
models as appropriate.  Significant differences are shown in bold.  Abbreviations: EDV, end diastolic volume; BP, blood pressure.  
*Additionally adjusted for waist-height ratio, mean blood pressure and heart rate. 
*,*Additionally adjusted for left ventricular mass index. 
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TABLE 3   Established confounder adjusted associations of arterial function and NT-proBNP levels with E/e’ in non-dialysis and dialysis  
patients  
_______________________________________________________________________________________________________________ 
 
                                                Chronic kidney disease patients  
                                            _______________________________________________________________________________ 
 
                                 Non-dialysis                                           Dialysis 
                               ____________________________________       ____________________________________ 
 
                                   β (SE)             p             Model R2      β (SE)        p             Model R2 
_______________________________________________________________________________________________________________ 
 
Pulse wave velocity 0.599 (0.188) 0.002Ϯ  0.206 -0.113 (0.169) 0.5Ϯ  0.080   
 0.661 (0.203) 0.002‡ 0.268 -0.098 (0.192) 0.6‡ 0.111 
 0.626 (0.206) 0.004§ 0.287 -0.127 (0.196) 0.5§ 0.133 
 0.692 (0.201) 0.001¶ 0.323 -0.045 (0.198) 0.8¶ 0.145 
 
Augmentation index 0.013 (0.032) 0.7Ϯ  0.160 -0.038 (0.061) 0.5Ϯ  0.107 
 0.004 (0.037) 0.9‡ 0.220 -0.074 (0.069) 0.3‡ 0.155 
 0.003 (0.037) 0.9§ 0230 -0.075 (0.072) 0.3§ 0.155 
 -0.008 (0.037) 0.8¶ 0.294 -0.081 (0.065) 0.2¶ 0.187 
 
Log reflected wave pressure 6.551 (3.280) 0.05Ϯ 0.222 4.100 (5.062) 0.4Ϯ 0.114 
 8.568 (4.131) 0.04‡ 0.289 2.380 (6.202) 0.7‡ 0.126 
 8.262 (4.296) 0.06§ 0.291 2.569 (6.351) 0.7§ 0.127 
 9.694 (3.996) 0.02¶ 0.382 0.129 (6.119) 0.9¶ 0.140 
 
Reflection magnitude 0.013 (0.031) 0.7Ϯ 0.160 -0.044 (0.061) 0.5Ϯ 0.111   
 0.003 (0.036) 0.9‡ 0.220 -0.079 (0.068) 0.2‡ 0.161 
 0.003 (0.036) 0.9§ 0.230 -0.081 (0.071) 0.2§ 0.161 
 -0.009 (0.036) 0.8¶ 0.295 -0.085 (0.064) 0.2¶ 0.193 
 
Central systolic BP 0.059 (0.033) 0.08Ϯ 0.125 0.041 (0.037) 0.3Ϯ 0.129 
 0.229 (0.071) 0.002‡ 0.264 0.058 (0.078) 0.5‡ 0.135 
 0.213 (0.073) 0.005§ 0.275 0.062 (0.080) 0.5§ 0.137 
 0.261 (0.069) <0.0001¶ 0.349 0.016 (0.077) 0.8¶ 0.141 
 
Central pulse pressure 0.122 (0.035) 0.001Ϯ 0.235 0.060 (0.051) 0.2Ϯ 0.133 
 0.158 (0.043) 0.001‡ 0.295 0.051 (0.064) 0.9‡ 0.137  
 0.149 (0.044) 0.002§ 0.306 0.051 (0.065) 0.5§ 0.138 
 0.176 (0.042) <0.0001¶ 0.379 0.026 (0.064) 0.7¶ 0.145 
 
Peripheral pulse pressure 0.088 (0.029) 0.004Ϯ 0.203 0.033 (0.036) 0.4Ϯ 0.100   
 0.125 (0.036) 0.001‡ 0.284 0.027 (0.039) 0.5‡ 0.131 
 0.118 (0.037) 0.002§ 0.296 0.027 (0.040) 0.5§ 0.131 
 0.139 (0.035) <0.0001¶ 0.364 0.013 (0.038) 0.7¶ 0.147 
 
Forward wave pressure 0.085 (0.046) 0.06Ϯ 0.215 0.108 (0.077) 0.2Ϯ 0.149 
 0.117 (0.054) 0.03‡ 0.296 0.102 (0.088) 0.2‡ 0.160 
 0.113 (0.055) 0.04§ 0.300 0.101 (0.089) 0.3§ 0.161 
 0.136 (0.051) 0.01¶ 0.399 0.076 (0.087) 0.4¶ 0.163 
 
Log NT-proBNP level 1.495 (0.665) 0.03Ϯ 0.155 2.374 (1.056) 0.03Ϯ 0.202   
 1.650 (0.714) 0.03‡ 0.206 2.427 (1.215) 0.05‡ 0.229 
 1.414 (0.770) 0.07§ 0.211 2.476 (1.253) 0.05§ 0.230 
 1.638 (0.693) 0.02¶ 0.291 3.106 (1.106) 0.008¶ 0.341 
 
_______________________________________________________________________________________________________________ 
NT-pro-BNP, N-terminal pro B-type natriuretic peptide; Log, logarithmically transformed; BP, blood pressure; SE, standard error.   
Significant associations are shown in bold. 
Ϯ Adjusted for age, sex. 
‡Adjusted for age, sex, waist-height ratio, mean blood pressure and heart rate. 
§Adjusted for age, sex, waist-height ratio, mean blood pressure, heart rate and left ventricular mass index. 
¶Adjusted for age, sex, waist-height ratio, mean blood pressure, heart rate and left ventricular end diastolic  
volume 
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TABLE 4   Independent established confounder adjusted associations of arterial function measures and  
NT-proBNP levels with E/e’ in non-dialysis and dialysis patients  
__________________________________________________________________________________________ 
 
                                                Chronic kidney disease patients  
                                            ________________________________________________________________ 
 
                                 Non-dialysis                                           Dialysis 
                               _______________________________       ______________________________ 
 
                                   β (SE)             p             Model R2      β (SE)        p             Model R2 
__________________________________________________________________________________________ 
 
Pulse wave velocity 0.533 (0.244) 0.03  -0.045 (0.181) 0.8 
Log NT-proBNP level  1.236 (0.750) 0.1 0.300 3.180 (1.129) 0.009 0.314 
  
Augmentation index -0.010 (0.048) 0.8  -0.071 (0.069) 0.3  
Log NT-proBNP level 0.627 (0.732) 0.4 0.243 2.465 (1.248) 0.05 0.263 
        
Log reflected wave pressure 7.677 (5.073) 0.1  2.576 (5.997) 0.7  
Log NT-proBNP level 0.276 (0.710) 0.7 0.290 2.457 (1.267) 0.06 0.239 
  
Reflection magnitude -0.011 (0.047) 0.8  -0.075 (0.068) 0.3 
Log NT-proBNP level 0.629 (0.733) 0.4 0.243 2.449 (1.244) 0.05 0.267  
  
Central systolic BP 0.207 (0.082) 0.01  0.064 (0.079) 0.4  
Log NT-proBNP level 1.027 (0.704) 0.1 0.311 2.504 (1.241) 0.05 0.248 
  
Central pulse pressure 0.136 (0.049) 0.008  0.050 (0.062) 0.4 
Log NT-proBNP level 1.061 (0.688) 0.1 0.328 2.430 (1.237) 0.05 0.247 
  
Peripheral pulse pressure 0.107 (0.040) 0.01  0.042 (0.045) 0.4  
Log NT-proBNP level 1.141 (0.687) 0.1 0.320 2.662 (1.243) 0.04 0.252 
   
Forward wave pressure 0.128 (0.061) 0.04  0.100 (0.086) 0.3   
Log NT-proBNP level 0.533 (0.662) 0.4 0.329 2.474 (1.241) 0.05 0.270 
__________________________________________________________________________________________ 
 
Arterial function parameters and NT-pro-BNP levels were entered together in multivariable regression models 
adjusted for age, sex, race, waist-height ratio, mean arterial pressure and heart rate. NT-proBNP, N-terminal  
pro B-type natriuretic peptide; Log, logarithmically transformed; BP, blood pressure;  
SE, standard error.  Significant associations are shown in bold. 
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TABLE 5   Arterial function-E/e’ relationships after additional adjustment for diabetes in non-dialysis patients  
and NT-proBNP levels-E/e’ relationship after additional adjustment for haemoglobin concentrations in dialysis  
patients  
___________________________________________________________________________________________ 
 
                                                Chronic kidney disease patients  
                                            _________________________________________________________________ 
 
                                 Non-dialysis                                           Dialysis 
                               _______________________________       _______________________________ 
 
                                   β (SE)             p             Model R2      β (SE)        p             Model R2 
___________________________________________________________________________________________ 
 
Pulse wave velocity 0.384 (0.202) 0.06 0.415  
   
Augmentation index -0.004 (0.032) 0.9 0.416   
 
Log reflected wave pressure 5.112 (3.854) 0.2 0.438 
  
Reflection magnitude -0.005 (0.031) 0.9 0.321  
 
Central systolic BP 0.135 (0.067) 0.05 0.355  
 
Central pulse pressure 0.096 (0.042) 0.02 0.442  
 
Peripheral pulse pressure 0.068 (0.036) 0.06 0.425  
 
Forward wave pressure 0.077 (0.050) 0.1 0.446  
 
Log NT-pro-BNP level    1.760 (1.257) 0.2 0.291  
___________________________________________________________________________________________ 
Associations were assessed in age, sex, waist-height ratio, mean blood pressure and heart rate adjusted  
models.  NT-proBNP, N-terminal pro B-type natriuretic peptide; Log, logarithmically transformed; BP,  
blood pressure; SE, standard error.  Significant associations are shown in bold. 
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TABLE 6   Association of haemoglobin concentrations with E/e’ in dialysis  
patients 
_____________________________________________________________ 
 
                                                         β (SE)            p           Model R2 
_____________________________________________________________ 
 
Haemoglobin concentration       -0.877 (0.401) 0.03Ϯ 0.233 
 -0.896 (0.411) 0.03ǂ 0.236 
 -1.061(0.432) 0.02§ 0.298 
 -1.011 (0.441) 0.03¶ 0.312 
 -0.990 (0.454) 0.03φ 0.241 
_____________________________________________________________ 
 
SE, standard error.  Significant associations are shown in bold. 
ϮAdjusted for age, sex, waist-height ratio, mean arterial pressure and heart rate. 
ǂAdjusted for age, sex, waist-height ratio, mean arterial pressure, heart rate and left ventric-
ular mass index. 
§Adjusted for age, sex, waist-height ratio, mean arterial pressure, heart rate, left ventricular 
end diastolic volume and central systolic blood pressure. 
¶Adjusted for age, sex, waist-height ratio, heart rate, left ventricular end diastolic volume, 
central systolic blood pressure and log systemic vascular resistance. 
φAdjusted for age, sex, waist-height ratio, heart rate, central systolic blood pressure and log 
systemic vascular resistance. 
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SUPPORTING INFORMATION 

METHODS 

Cardiovascular risk factors   

Cardiovascular risk factors were recorded using previously described methods.1 Hypertension 

was identified when the systolic or/and diastolic blood pressure were ≥ 140mmHg and 

90mmHg, respectively, or/and antihypertensive agents were used.  Analyses were performed 

on fasting blood samples using routine laboratory tests for the determination of lipid, glucose, 

phosphate, calcium, haemoglobin, albumin, uric acid and ferritin concentrations, transferrin 

saturation percentages.  Intact parathyroid hormone levels were measured by an electrochem-

iluminescent immunoassay on Roche Cobas. High-sensitive C-reactive protein and vitamin D 

concentrations were both estimated on Abott Architect using an immunoturbidimetric assay 

and chemoluminescent microparticle immunoassay, respectively.  Dyslipidemia was diag-

nosed when the total cholesterol: HDL cholesterol ratio was >4 or/and lipid lowering drugs 

were employed.  Diabetes was identified in patients with a fasting glucose level of >7 mmol/l 

and in those that used glucose lowering medications.  

 

Arterial function   

Arterial function was evaluated using previously described methods.1  Pulse wave velocity, 

central aortic blood pressure and reflected and forward wave pressures were evaluated using 

a high-fidelity SPC-301 micromanometer (Millar instument, Inc., Houston, Texas), interfaced 

with a computer utilizing SphygmoCor software, version 9.0 (AtCor Medical Pty. Ltd., West 

Ryde, New South Wales, Australia).  Subsequent to resting for 15 minutes in the supine posi-

tion, arterial waveforms at the radial (dominant arm), carotid and femoral artery pulses were 

recorded for a time period of ten consecutive waveforms (heart beats).  Calibration of the pulse 

wave was done by manual measurement (auscultation) of brachial BP taken immediately prior 

to recordings.  An extensively validated generalized transfer function incorporated in the 

SphygmoCor software was used to convert the peripheral pressure wave form into a central 
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aortic waveform.2-4  The results were discarded when the systolic or diastolic variability of con-

secutive waveforms exceeded 5% or the amplitude of the pulse wave signal was less that 80 

mV.  The aortic pulse wave velocity was calculated as distance in meters divided by transit 

time in seconds.  The time delay in pulse waves between the carotid and femoral sites was 

assessed by employing an ECG-derived R wave as a fudicial point.  Pulse transit time was 

calculated as the mean of 10 consecutive beats.  The difference between the distance from 

the femoral sampling site to the suprasternal notch and the distance from the carotid sampling 

site to the suprasternal notch represented the distance the pulse wave travels.  Magnitude of 

the forward and reflected wave components of the aortic pressure waveform was determined 

by the SphygmoCor software, which separates the aortic waveform by using a modified trian-

gular waveform.  Augmentation index was calculated as (second systolic peak/first systolic 

peak) x 100, reflection magnitude as (reflected wave amplitude/forward wave amplitude).  All  

measurements were made by a single experienced observer who was unaware of the cardi-

ovascular risk factor profiles of the patients.   

 

Echocardiography 

Echocardiography was performed as previously described.5  Left ventricular dimensions were 

determined using two-dimensional directed M-mode echocardiography in the parasternal long 

axis view.  Left ventricular dimensions were determined using two-dimensional directed M-

mode echocardiography in the parasternal long axis view.  Left ventricular end diastolic and 

systolic volumes were determined using the Teichholz method.6  Stroke volume was deter-

mined from the difference between left ventricular end diastolic and systolic volumes as eval-

uated upon employing the Z-derived method.  Cardiac output was determined as stroke vol-

ume x heart rate.  Left ventricular mass was determined using a standard formula (left ventric-

ular mass=0.8 x (1.04 (left ventricular end diastolic diameter + left ventricular septal wall thick-

ness + left ventricular end diastolic posterior wall thickness)3 – (left ventricular end diastolic 

diameter)3 + 0.6) and indexed to body surface area.   
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   Left ventricular diastolic function was assessed using pulsed Doppler and tissue Doppler 

imaging.7  Transmitral flow patterns were recorded at the mitral valve leaflet tips using pulsed 

Doppler in the apical four chamber view.  From the mitral valve inflow velocity curve, the early 

(E) and late (atrial-A) diastolic wave were measured and the ratio of early and late diastolic 

filling (E/A) was calculated.  To perform tissue Doppler imaging, the velocity of myocardial 

tissue lengthening was measured by placing the curser at the septal and lateral corners of the 

mitral annulus in the apical four chamber view.  To determine diastolic function using tissue 

Doppler imaging, the early diastolic mitral annulus motion (e’) was recorded.  Because mitral 

E is dependent on ventricular relaxation as well as left atrial driving forces (pressures), while 

e’ is dependent on relaxation alone, E/e’ ratio is considered to be an index of left ventricular 

filling pressures.  The E/e’ ratio was calculated as mitral E/the average of septal and lateral e’.   

Echocardiographic measurements were made by the same experienced observer that per-

formed the arterial function measurements.  The intra-observer variation for echocardio-

graphic measurements is low in our setting.5 
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SUPPLEMENTARY TABLE 1   Impact of chronic kidney disease status (non-dialysis versus  
dialysis) on the pulse wave velocity-E/e’ relationship in a multivariable regression model 
_____________________________________________________________________________ 
 
Variable                            β (SE)         t    Partial R  p   
_____________________________________________________________________________ 
     
Constant  -8.425 (7.103) -1.186  0.2 
 
Age  0.037 (0.035) 1.062 0.117 0.3 
 
Female sex  1.086 (0.966) 1.125 0.124 0.3 
 
Waist-height ratio         0.951 (5.024)      0.189     0.021    0.9   
 
Mean blood pressure  0.021 (0.037) 0.569 0.063 0.6 
 
Heart rate  -0.048 (0.032) -0.154 -0.164 0.1 
 
Dialysis status  9.323 (2.984) 3.124  0.328 0.002 
 
Pulse wave velocity  1.266 (0.430) 2.943 0.311 0.004 
 
Dialysis status*pulse wave velocity -0.675 (0.256) -2.631 -0.281 0.01 
_____________________________________________________________________________  
Significant associations are shown in bold. 
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Study/Paper 3: 

Study/Paper 3 shows that post transplantation anaemia and persistent secondary hyperpara-

thyroidism are associated with E/e’, and adiposity measures with e’ and E/A in kidney disease 

transplant recipients.   
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Abstract 

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 ap-

planation tonometry using SphygmoCor software and diastolic function by echocardiography 

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 trans-

plantation anaemia and persistent secondary hyperparathyroidism were identified in 27.9% 

and 30.8% of the patients, respectively; 67.5% of participants were overweight or obese.  In 

established confounder adjusted analysis, haemoglobin (partial R=-0.394, p=0.01) and para-

thyroid hormone concentrations (partial R=0.382, p=0.02) were associated with E/e’.  In mul-

tivariable 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) relationships remained consistent after additional adjust-

ment for left ventricular mass index and cardiac preload and afterload measures.   

Conclusions: 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 hy-

perparathyroidism and excess adiposity can prevent the development of heart failure with pre-

served ejection fraction in kidney transplant recipients merits further investigation. 
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Introduction 

Among patients with end-stage kidney disease (ESRD), kidney transplant recipients experi-

ence a markedly better quality of life and reduced mortality rates compared to 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) pa-

tients.3  Impaired diastolic function generally results from reduced left ventricular active relax-

ation and increased left ventricular stiffness.3,4  Left ventricular stiffening 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 recipients develop de novo heart failure 

within 3 years subsequent to transplantation.7  This is 2 to 5 times higher than that in popula-

tion-based cohorts.7  By contrast, de novo ischemic heart disease reportedly occurs at a sim-

ilar frequency in kidney transplant recipients and the general population.8  Kidney transplant 

recipients may be particularly 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 mortality 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 pre-

load due to volume overload and anaemia, and increased afterload mediated by heightened 

peripheral resistance and marked arteriosclerosis that results in arterial stiffness and en-

hanced wave reflection and pressure pulsatility.3,11  Other reported determinants of impaired 

diastolic function in CKD patients encompass aberrant bone mineral metabolism including 

secondary hyperparathyroidism, inflammation and oxidative stress.3,11  

   Impaired diastolic function may be present in more than half of patients undergoing kidney  
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transplantation.12  However, the determinants of diastolic function in particularly stable kidney 

transplant recipients (transplant duration of >6 months, absence of acute rejection and glo-

merular 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.  Con-

ceptually, anaemia and hyperparathyroidism could mediate impaired diastolic function in kid-

ney transplant recipients.  In this regard, anaemia not only increases cardiac preload and left 

ventricular mass but can also cause tissue hypoxia with consequent myocardial fibrosis.16-20  

Secondary hyperparathyroidism can increase cardiac afterload through enhancing arterioscle-

rosis1,11 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 kidney 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 conducted in accordance 

with the Declaration of Istanbul.23  The University of the Witwatersrand Human (Medical) Re-

search Ethics Committee (protocol number: M15-08-43) in Johannesburg, South Africa ap-

proved the study protocol.  Written informed consent was obtained in each patient prior to 

participation.  Forty three consecutive stable kidney transplant recipients were enrolled as 

outpatients at the Milpark Hospital in Johannesburg, South Africa.  Mean (SD; range) trans-

plant duration was 12.3 (8.0; 0.5 to 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 

filtration rate22 of <15 ml/min/1.73m2, previously diagnosed heart failure, myocardial infarction, 
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active infection or/and cancer were excluded.  The criteria selected for stable kidney transplant 

status were based on a previously reported study by Ducloux and colleagues.13   

 

Methods  

Patient characteristics that were recorded included demographic variables, traditional and  

non-traditional cardiovascular risk factors, carotid atherosclerosis measures, arterial function,  

echocardiographic parameters and 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 previ-

ously reported24 and provided in the online Supplementary Methods.  Intact parathyroid hor-

mone levels were determined by an electrochemiluminescence immunoassay “ECLIA” on Co-

bas (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 to 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         

            TF 

   Σ Pi 
             i=T0 

MP= __________      
             n                 
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 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 ultrasound employing a Philips CX50 POC 

Compact CompactXtreme Ultrasound System (Philips Medical Systems (Pty) Ltd, USA) at-

tached to a linear array 4.0-12.0 MHz probe.  The software provided for semi-automated bor-

der detection gives markedly reproducible data as previously described21.  Images of at least 

1cm length of the distal common carotid arteries were obtained.  The optimal angle of inci-

dence was used, defined as the longitudinal angle of approach where both branches of the 

internal and external carotid artery were visualized simultaneously. The carotid intima-media 

thickness (c-IMT) was defined as the mean of the left and right common carotid artery thick-

ness.  Plaque in the extracranial carotid tree was defined according to the Mannheim consen-

sus criteria25.  Carotid ultrasound measurements were made by the same observer that per-

formed the arterial function and echocardiographic evaluations (CR).  The intra-observer var-

iability of ultrasound measurements is low in our setting24. 

   Central hemodynamic characteristics were determined by applanation tonometry and 

SphygmoCor software as previously reported24 and provided in the online Supplementary Ma-

terial.  Aortic pulsewave velocity, augmentation index, reflected wave pressure and reflection 

magnitude, central systolic and pulse pressure, peripheral pulse pressure, pulse pressure am-

plification and forward wave pressure were measured.  

   NT-proBNP was determined by an electrochemiluminescence immunoassay on Cobas 

(Roche Diagnostics, Mannheim, Germany).  The measurement range is 10 to 35000 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 Echocardiog-

raphy 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 

characteristics, left ventricular systolic function and diastolic function variables including the 
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early (E)/late (atrial) diastolic wave (A) ratio, the peak mitral annulus motion during early dias-

tole (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 pres-

sure and cardiac output according to the equation (mean arterial pressure – right atrial pres-

sure)=systemic vascular resistance x cardiac output 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 transformed prior to en-

tering them in multivariate linear regression 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 confounder (age, sex, 

race, weight, height, mean blood 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 re-

assessed in multivariate models in which potential determinants as identified in the previous 

models were entered simultaneously. 

   Subsequently, we assessed whether cardiovascular risk factor-diastolic function relation-

ships were explained by left ventricular mass, cardiac preload (left ventricular end diastolic 

volume)28 or/and cardiac afterload (central systolic blood pressure29 and systemic vascular 

resistance30) by adding the respective variables to the models.    

   Statistical analysis was performed on IBM SPSS statistics program (version 23.0 IBM, USA).   

Significance was set at p<0.05.    
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Results 

Patient characteristics 

The main recorded patient characteristics are given in Table 1.  Mean (SD) age was 53.5 

(10.8) years, approximately one third were women and black patients comprised 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, dyslipidemia and 

diabetes were present in 86.0%, 83.7% and 25.6% of participants, respectively.  Antihyper-

tensive agents, lipid lowering drugs (statins with or without ezetimibe), insulin therapy and oral 

glucose lowering medications 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 fil-

tration 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 con-

centrations (>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 hyperparathyroidism15.  Vitamin D, calcium and phosphate supplemen-

tation 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, reflec-

tion 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.   
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   Mean (SD) E/e’ was 9.4 (3.9) whereas an E/e’ of >14 that is in keeping with diastolic dys-

function,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 glucocorticoids (n=41 (95.3%)), myco-

phenolate mofetil (n=31 (72.1%)), calcineurin (n=30 (69.8%)) and mTOR (n=14 (32.6%)) in-

hibitors 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 factors with E/e’.  In age, sex and race 

adjusted analysis, estimated GFR and haemoglobin and intact parathyroid hormone concen-

trations 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 re-

mained related to E/e’ (model 2).  Subsequently, EGFR and haemoglobin concentrations were 

entered together with intact parathyroid hormone levels in separate multivariate models (mod-

els 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 border-

line 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 filtration 

rate was excluded from the model.  Sex was also retained with a P value of 0.02 by SPSS in 

Model 5.   

   Table 3 gives the associations of cardiovascular risk factors with e’ and E/A.  Three anthro-

pometric characteristics 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 established 

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 ad-

justed models). 
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   Measures of atherosclerosis and arterial function, NT-proBNP concentrations and cardio-

vascular drug use, vitamin D, calcium and phosphate supplementation as well as immuno-

suppressive 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 ventric-

ular mass index and preload and afterload measures 

Table 4 shows the associations of haemoglobin and intact parathyroid hormone concentra-

tions with E/e’ as well as those of anthropometric measures with e’ and E/A after additional 

adjustment (to established confounders) for left ventricular mass index (Model 1), cardiac pre-

load as estimated by left ventricular end diastolic volume (Model 2), cardiac afterload as esti-

mated by central systolic 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 par-

athyroid 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 determine 

whether this can affect the generalizability of our results, we first compared the relevant rec-

orded characteristics 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 haemoglo-

bin and intact parathyroid levels and anthropometric measures with diastolic function param-

eters 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 
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frequently female and less often Asian, and had less abdominal adiposity, lower heart rates 

and larger haemoglobin levels and central systolic blood pressures.  Intact parathyroid hor-

mone 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 65.1ml/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 glomerular filtration rate-E/e’ (interaction 

p=0.6), haemoglobin-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’ associ-

ation (interaction p=0.03).  Transplant duration did not significantly impact other anthropomet-

ric measure-e’ 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 hormone 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 confounders (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, signifi-

cant anthropometric measure-e’ and, to a lesser extent, anthropometric-E/A relationships 

were found in patients with a transplant duration of >13.3 years but not <13.3 years. 

    

Discussion 

To our knowledge, this is the first study that evaluated potential determinants of diastolic func-

tion in stable kidney transplant participants.  Our main findings were as follows: (1) haemoglo-

bin 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 circumference and body mass index were each associated with both e’ and E/A; (3) the  
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haemoglobin-E/e’, intact parathyroid hormone-E/e’, anthropometric measure-e’ and anthropo-

metric measure-E/A relationships were each independent of left ventricular mass index and 

cardiac preload and afterload measures and (4) estimated glomerular filtration rate was asso-

ciated with E/e’ but this relationship 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 mor-

tality, 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 pres-

sures 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 dias-

tolic function.  Our finding that post transplantation anaemia was associated with E/e’ inde-

pendent of left ventricular mass supports this notion. Moreover, abnormal left ventricular ge-

ometry 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 transplantation, the consistent use of antihyper-

tensive agents with overall adequate blood pressure control and post transplantation regres-

sion 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 cardiomy-

ocyte hypoxia and consequent cardiac fibrosis.16-20   

   Our finding that 27.9% of our patients had post transplantation 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 observational study, Gafter-Gvili and col-

leagues14 recently recommended targeting a haemoglobin of 12.5 to 13g/dl in kidney trans-

plant recipients with appropriate erythropoietin stimulating agent and iron therapy.    
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    None of our patients received iron or erythropoietin stimulating agent therapy.  In this re-

gard, 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 re-

ported thus far.  In this study, 30.8% of our patients had persistent secondary hyperparathy-

roidism, which is also in line with previous reports.15  We found that, as applied to haemoglobin 

concentrations, parathyroid levels were associated with E/e’ independent of established con-

founders, left ventricular hypertrophy and cardiac preload and afterload measures 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 oxida-

tive stress, necrotic cell death and consequent fibrosis.21  In another study, parathyroidectomy 

prevented the development of myocardial hypertrophy, fibrosis and apoptosis in 5/6 nephrec-

tomised 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 manage-

ment15 on cardiovascular outcomes 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 cardiovas-

cular disease and mortality in kidney transplant recipients.1  In the present 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 confounders and parathyroid hormone 

and haemoglobin concentrations.   
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   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 measures 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 trans-

plantation comprises another reported risk factor for heart failure in kidney transplant recipi-

ents.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 relation 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 trans-

plant duration.  Conceptually, this may represent an improvement of the respective cardiovas-

cular risk factors over time after transplantation.  Alternatively, our respective results may orig-

inate 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 importantly, our interaction analysis results indicated that transplant duration did not in-

fluence the potential impact of haemoglobin and parathyroid hormone levels on E/e’.  By con-

trast, 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 expo-

sure 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 car-

diovascular 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 applies to previously reported investiga-

tions by us,37,41,42 we assessed the associations of cardiovascular risk factors with E/e’, e’ and 

E/A as continuous variables, which requires inclusion of both high and low values.  As only 3 
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(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 popula-

tion.  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 concentrations were assessed on one occasion only, i.e. 

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 concentrations 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 multivariable regression models in which 

we consistently adjusted for potential established confounders. 

   In 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,14 persistent secondary hy-

perparathyroidism15 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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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) 
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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) 

____________________________________________________________________________________________________ 

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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Table 2 Associations of cardiovascular risk factors with E/e’ in 43 kidney transplant recipients 

______________________________________________________________________________________________________________________________________________________________________________________ 
 
                                   Model 1a                      Model 2b                          Model 3c                         Model 4d                Model 5e 
 ______________________________      ______________________________       ______________________________    ______________________________    _______________________________ 
 
CV risk factor    β (SE)  Partial P Model β (SE)   Partial    P   Model   β (SE)   Partial   P   Model   β (SE)   Partial  P  Model   β (SE)   Partial    P   Model  
  R  R2                                 R               R2                      R                   R2                         R             R2                  R              R2 
______________________________________________________________________________________________________________________________________________________________________________________ 
 
EGFR      -0.061    -0.351     0.02    0.241 -0.052 -0.270 0.1 0.282 -0.049 -0.273 0.1 0.390    0.441    0.243
 (0.026)    (0.032)    (0.031) 
Haemoglobin -0.589 -0.356 0.02 0.244 -0.700 -0.394 0.01 0.346     -0.696 -0.390 0.02  -0.691 -0.278 0.01   
 (0.251)    (0.284)        (0.300)    (0.278) 
Log IPTH 3.767 0.366 0.02 0.254 4.178 0.382 0.02 0.341 3.972 0.377 0.03  3.132 0.309 0.08  3.079 0.324 0.04   
 (1.596)    (1.818)    (1.783)    (1.761)    (1.480)  
______________________________________________________________________________________________________________________________________________________________________________________ 
Significant associations are shown in bold.  Abbreviations: SE: standard error; β: regression coefficient; EGFR, estimated glomerular filtration rate; log: logarithmically transformed; other abbreviations: see Table 1. 
aAdjusted for age, sex and race. 
bAdjusted for age, sex, race, height, weight, log mean arterial pressure and heart rate. 
cAdjusted for age, sex, race, height, weight, log mean arterial pressure and heart rate with entering of EGFR and log iPTH in a multivariate model; haemoglobin was not entered due to collinearity with EGFR. 
dAdjusted for age, sex, race, height, weight, log mean arterial pressure and heart rate with entering of haemoglobin and log iPTH in a multivariate model; EGFR was not entered due to collinearity with haemoglobin. 
eAdjusted for age, sex, race, height, weight, log mean arterial pressure and heart rate with entering of EGFR, haemoglobin and log PTH in a stepwise regression model; female sex comprised the only other variable that was 
associated with E/e’ (β (SD)=2.775 (1.161); partial R=0.370; P=0.02) in model 5. 
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Table 3 Associations of cardiovascular risk factors with e’ and E/A in 43 kidney transplant recipients 
____________________________________________________________________________________________________________________________________________________ 
 
                                    E’                                                                                                                                      E/A 
          ________________________________________________________________ _________________________________________________________________ 
  
 
                                  Model 1a                      Model 2b                          Model 1a                Model 2b 
 ______________________________      ______________________________       ______________________________    _______________________________     
 
Cardiovascular    β (SE)  Partial P Model β (SE)   Partial    P   Model   β (SE)   Partial   P   Model   β (SE)   Partial  P  Model    
risk factor                                    R  R2                                 R               R2                      R                   R2                         R             R2                 
_____________________________________________________________________________________________________________________________________________________ 
 
Waist-height ratio -15.474 -0.464 0.003 0.465 -16.069 -0.526 0.001 0.624 -1.516 -0.331 0.04 0.480 -1.559 -0.355 0.03 0.509     
 (4.857)    (4.450)    (0.721)    (0.715) 
Waist  -0.064 -0.365 0.02 0.467 -0.070 -0.433 0.008 0.578 -0.009 -0.387 0.01 0.504 -0.009 -0.393 0.02 0.439     
 (0.027)    (0.025)    (0.004)    (0.004) 
BMI -0.164 -0.339 0.03 0.420 -0.148 -0.332 0.04 0.551 -0.033 -0.498 0.001 0.566 -0.031 -0.489 0.002 0.507     
 (0.074)    (0.070)    (0.009)    (0.009)   
____________________________________________________________________________________________________________________________________________________ 
Significant associations are shown in bold.  Abbreviations: BMI, body mass index; other abbreviations: see Table 2. 
aAdjusted for age, sex and race. 
bAdjusted for age, sex, race, log mean arterial pressure and heart rate. 
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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 
_____________________________________________________________________ 
Significant associations and subheadings are shown in bold.  Abbreviations: see Tables 2 and 3.  
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 ventricular 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 ventricular 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. 
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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 

____________________________________________________________________________________ 

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: see Table 1.  
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Table 6 Associations of cardiovascular risk factors with e’ in 43 kidney transplant recipients upon stratification by median transplant duration 
____________________________________________________________________________________________________________________________________________________ 
 
                                Transplant duration <13.3 years (n=22)                                                         Transplant duration >13.3 years (n=21) 
          ________________________________________________________________ _________________________________________________________________ 
  
 
                                  Model 1a                      Model 2b                          Model 1a                Model 2b 
 ______________________________      ______________________________       ______________________________    _______________________________     
 
Cardiovascular    β (SE)  Partial P Model β (SE)   Partial    P   Model   β (SE)   Partial   P   Model   β (SE)   Partial  P  Model    
risk factor                                    R  R2                                 R               R2                      R                   R2                         R             R2                 
_____________________________________________________________________________________________________________________________________________________ 
 
Waist-height ratio -1.541 -0.034 0.9 0.338 -13.364 -0.268 0.3 0.553 -23.275 -0.652 0.003 0.666 -18.930 -0.621 0.01 0.762     
 (11.166)    (13.347)    (6.775)    (6.384) 
Waist  0.012 0.056 0.8 0.471 -0.020 -0.085 0.8 0.522 -0.09 -0.486 0.04 0.556 -0.077 -0.501 0.04 0.710     
 (0.054)    (0.065)    (0.040)    (0.036) 
BMI 0.017 0.029 0.9 0.499 -0.051 -0.077 0.8 0.551 -0.265 -0.566 0.014 0.605 -0.197 -0.448 0.08 0.691     
 (0.144)    (0.174)    (0.097)    (0.105)   
____________________________________________________________________________________________________________________________________________________ 
Significant associations are shown in bold.  Abbreviations: see Table 2.  
aAdjusted for age, sex and race. 
bAdjusted for age, sex, race, log mean arterial pressure and heart rate. 
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Table 7 Associations of cardiovascular risk factors with E/A in 43 kidney transplant recipients upon stratification by median transplantation duration 
____________________________________________________________________________________________________________________________________________________ 
 
                                Transplant duration <13.3 years (n=22)                                                         Transplant duration >13.3 years (n=21) 
          ________________________________________________________________ _________________________________________________________________ 
  
 
                                  Model 1a                      Model 2b                          Model 1a                Model 2b 
 ______________________________      ______________________________       ______________________________    _______________________________     
 
Cardiovascular    β (SE)  Partial P Model β (SE)   Partial    P   Model   β (SE)   Partial   P   Model   β (SE)   Partial  P  Model    
risk factor                                    R  R2                                 R               R2                      R                   R2                         R             R2                 
_____________________________________________________________________________________________________________________________________________________ 
 
Waist-height ratio -0.461 -0.078 0.8 0.537 -1.439 -0.207 0.5 0.551 -1.222 -0.251 0.3 0.472 -0.737 -0.160 0.6 0.548     
 (1.519)    (1.964)    (1.178)    (1.218) 
Waist  -0.005 -0.167 0.5 0.547 -0.009 -0.256 0.4 0.562 -0.009 -0.354 0.1 0.507 -0.007 -0.298 0.2 0.578     
 (0.008)    (0.009)    (0.006)    (0.006) 
BMI -0.020 -0.259 0.3 0.564 -0.027 -0.311 0.2 0.579 -0.035 -0.547 0.01 0.605 -0.029 -0.432 0.09 0.623     
 (0.019)    (0.023)    (0.013)    (0.016)   
____________________________________________________________________________________________________________________________________________________ 
Significant associations are shown in bold.  Abbreviations: see Table 3.  
aAdjusted for age, sex and race. 
bAdjusted for age, sex, race, log mean arterial pressure and heart rate. 



116 
 

 

Supplementary Material 

Methods 

Cardiovascular risk factors   

Hypertension was identified when the systolic or/and diastolic blood pressure were ≥ 

140mmHg and 90mmHg, respectively, or/and antihypertensive agents were used.  Analyses 

were performed on fasting blood samples using routine laboratory tests for the determination 

of lipid, glucose, phosphate, calcium, haemoglobin, albumin, uric acid and ferritin concentra-

tions, transferrin saturation percentages.  High-sensitive C-reactive protein levels were esti-

mated on Abbott Architect using an immunoturbidimetric assay.  Dyslipidemia was diagnosed 

when the total cholesterol: HDL cholesterol ratio was >4 or/and lipid lowering drugs were em-

ployed.  Diabetes was identified in patients with a fasting glucose level of >7 mmol/l and in 

those that used glucose lowering medications.  

 

Arterial function  

Subsequent to resting for 15 minutes in the supine position, arterial waveforms at the radial  

(dominant arm), carotid and femoral artery pulses were recorded for a time period of ten con-

secutive waveforms (heart beats).  Calibration of the pulse wave was done by manual meas-

urement (auscultation) of brachial BP taken immediately prior to recordings.  A validated gen-

eralized transfer function incorporated in the SphygmoCor software was used to convert the  

peripheral pressure wave form into a central aortic waveform.  The results were discarded 

when the systolic or diastolic variability of consecutive waveforms exceeded 5% or the ampli-

tude of the pulse wave signal was less that 80 mV.  The aortic pulse wave velocity was calcu-

lated as distance in meters divided by transit time in seconds.  The time delay in pulse waves 

between the carotid and femoral sites was assessed by employing an ECG-derived R wave 

as a fudicial point.  Pulse transit time was calculated as the mean of 10 consecutive beats.  

The difference between the distance from the femoral sampling site to the suprasternal notch 

and the distance from the carotid sampling site to the suprasternal notch represented the dis-

tance the pulse wave travels.  Magnitude of the forward and reflected wave components of 
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the aortic pressure waveform was determined by the SphygmoCor software, which separates 

the aortic waveform by using a modified triangular waveform.  Augmentation index was calcu-

lated as (second systolic peak/first systolic peak) x 100, reflection magnitude as (reflected 

wave amplitude/forward wave amplitude) x 100 and pulse pressure amplification as (radial 

pulse pressure/aortic pulse pressure) x 100.  All measurements were made by a single expe-

rienced observer (CR) who was unaware of the cardiovascular risk factor profiles of the pa-

tients.  Brachial blood pressure was recorded in all patients.  Technically sound measurements 

of the central pressure wave and pulse wave velocity were obtained in 40 and 38 patients, 

respectively.  

 

Left ventricular structure and function 

Echocardiography was performed with the patient in the partial left decubitus position.  Left  

ventricular dimensions were determined by measuring the left ventricular internal end diastolic 

and end systolic diameters and wall thickness (left ventricular septal and posterior wall thick-

ness) in the parasternal long axis view by two-dimensional directed M-mode echocardiog-

raphy.  Left ventricular end diastolic and systolic volumes were assessed using the Teichholz 

method and indexed to body surface area1.  Stroke volume was determined from the differ-

ence between LV end diastolic and systolic volumes as evaluated upon employing the Z-de-

rived method2.  Cardiac output was determined as stroke volume x heart rate.  Left ventricular 

ejection fraction was calculated as [(left ventricular end diastolic volume – left ventricular end 

systolic volume) / left ventricular end diastolic volume] x 100.  Left ventricular mass was de-

termined using a standard formula3 and indexed to body surface area (left ventricular mass 

index).  Left ventricular relative wall thickness was calculated as (left ventricular diastolic pos-

terior wall thickness x 2) / left ventricular end diastolic diameter4.  Left ventricular hypertrophy 

was identified when left ventricular mass index was >95 g/m2 for women and >115 g/m2 for 

men3.  Concentric remodelling was defined as the presence of relative wall thickness of >0.45.  

Concentric left ventricular hypertrophy was considered present when the relative wall thick-

ness was >0.45 and left ventricular hypertrophy was absent.  
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   Left ventricular diastolic function was assessed using pulsed Doppler and tissue Doppler 

imaging5.  Transmitral flow patterns were recorded at the mitral valve leaflet tips using ulsed 

Doppler in the apical four chamber view.  From the mitral valve inflow velocity curve, the early 

(E) and late (atrial-A) diastolic wave were measured and the ratio of early and late diastolic 

filling (E/A) was calculated.  To perform tissue Doppler imaging, the velocity of myocardial 

tissue lengthening was measured by placing the curser at the septal and lateral corners of the 

mitral annulus in the apical four chamber view.  To determine diastolic function using tissue 

Doppler imaging, the early diastolic mitral annulus motion (e’) was recorded.  Because mitral 

E is dependent on ventricular relaxation as well as left atrial driving forces (pressures), while 

e’ is dependent on relaxation alone, E/e’ ratio is considered to be an index of left ventricular 

filling pressures.  The E/e’ ratio was calculated as mitral E/the average of septal and lateral e’.  

Echocardiographic measurements were made by the same observer that performed the arte-

rial function evaluation (CR).  Intra-observer variation for echocardiographic measurements is 

low in our setting6.  
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Supplementary Table 1 Associations of cardiovascular risk factors with E/e’ in 43 kidney transplant recipients upon  
stratification by median transplant duration 
________________________________________________________________________________________________ 

                                     Transplant duration <13.3 years (n=22)  Transplant duration >13.3 years (n=21) 

                                      ____________________________________     ____________________________________ 

CV risk factor          β (SE)      Partial     P     Model R2   β (SE)     Partial    P   Model R2  
                                                            R                                                                      R                  
________________________________________________________________________________________________ 

EGFR                             -0.060         -0.326         0.1      0.239         -0.064     -0.421        0.08          0.454 
                                       (0.042)                                                                 (0.034)    
Haemoglobin -0.597 -0.375 0.1 0.268 -0.350 -0.169 0.5 0.355 
 (0.359)          (0.512) 
Log IPTH 3.988 0.422 0.09 0.304 2.027 0.154 0.5 0.352 
 (2.209)    (3.242) 
________________________________________________________________________________________________ 
Data were analysed in age, sex and race adjusted linear regression models.  Abbreviations: CV, cardiovascular; β:  
regression coefficient; EGFR, estimated glomerular filtration rate; log: logarithmically transformed; iPTH intact  
parathyroid hormone. 
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Study/Paper 4: 

Study/paper 4 shows that the optimal haemoglobin target in dialysis patients may be deter-

mined by its contrasting effects on aortic stiffness and pressure pulsatility.   
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Abstract 

Introduction:  It remains unclear why the optimal haemoglobin target is lower in patients with 

chronic kidney disease (CKD) than in non-CKD persons.  Arteriosclerosis and consequent 

impaired arterial function comprise a central cardiovascular risk mechanism in CKD.  We hy-

pothesized that the optimal haemoglobin target depends on its opposing effects on arterial 

stiffness and pressure pulsatility in CKD.   

Methods: Arterial stiffness (aortic pulse wave velocity), wave reflection (augmentation index, 

reflected wave pressure and reflection magnitude), and pressure pulsatility (central systolic 

and pulse pressure, peripheral pulse pressure, pressure amplification and forward wave pres-

sure) were assessed in 48 dialysis patients.   

Results: In established confounder and diabetes adjusted linear regression models, haemo-

globin levels were directly associated with arterial stiffness (partial R=0.366, p=0.03) and in-

versely with central systolic pressure (partial R=-0.344, p=0.04), central pulse pressure (partial 

R=-0.403, p=0.01), peripheral pulse pressure (partial R=-0.521, p=0.001) and forward wave 

pressure (partial R=-0.544, p=0.001).  The presence of heart failure and use of angiotensin 

converting enzyme inhibitors or angiotensin receptor blockers and erythropoietin stimulating 

agents did not materially alter these relationships upon further adjustment for the respective 

characteristics in the models, and in sensitivity analyses.  In receiver operator characteristic 

curve analysis, the optimal haemoglobin concentration cut-off values in predicting arterial stiff-

ness and increased central pulse pressure were remarkably similar at 10.95 g/dl and 10.85 

g/dl respectively, and with clinically useful sensitivities, specificities and positive and negative 

predictive values.  In logistic regression models, a haemoglobin value of > 10.9 mg/dl was 

associated with both arterial stiffness (>10 m/sec; OR (95% CI) = 10.48 (1.57 – 70.08), p=0.02) 

and normal central pulse pressure (>50 mmHg; OR (95% CI) = 7.55 (1.58 – 36.03), p=0.01). 

Conclusions: This study suggests that the optimal haemoglobin target in dialysis patients is 

~11g/dl and determined by its differential and contrasting effects on arterial stiffness and pres-

sure pulsatility. 

Keywords: haemoglobin target, dialysis, arterial stiffness, pressure pulsatility 
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Introduction 

Arteriosclerosis encompasses hypertrophy and fibrosis of the medial layer in large arteries1.  

Chronic kidney disease (CKD) is characterized by marked premature arteriosclerosis that          

causes impaired arterial function2-4.  Arterial stiffness results in an accelerated forward wave, 

which increases central systolic blood pressure and enhances wave reflection that occurs at 

bifurcations and due to changes in composition and progressive narrowing of the vessels along 

the arterial tree.  The increased reflected wave arrives earlier at the heart, i.e. in systole rather 

than diastole, and thereby reduces diastolic blood pressure and coronary perfusion.  The in-

creased forward and reflected waves enhance pressure pulsatility and decrease pulse pres-

sure amplification, which increases transmission of pulsatile pressure into the microcirculation 

leading to CKD progression.  Increased arterial stiffness, wave reflection and pressure pulsa-

tility thereby each contribute to cardiovascular event rates including heart failure, arrhythmias, 

stroke and myocardial infarction in CKD5-7. 

   Accelerated arteriosclerosis in CKD is mediated by adverse traditional as well as non-tradi-

tional or renal impairment specific cardiovascular risk factors2-8.  

   In observational studies, anaemia is associated with CVD in CKD9.  However, the optimal 

haemoglobin target in CKD patients is reportedly substantially lower in CKD compared to non-

CKD individuals10-11.  Indeed, treatment with erythropoietin stimulating agents in CKD patients 

is associated increased CVD events when a haemoglobin level of ~13 g/dl is targeted12,13.  In 

this regard, nitric oxide reduces arterial stiffness and peripheral vascular resistance14 whereas 

haemoglobin is a potent nitric oxide scavenger15.  High haemoglobin levels are associated with 

arterial stiffness in non-CKD persons16-18.  Other investigations in persons with and without 

CKD indicate that anaemia increases pressure pulsatility19,20.  In the present study, we there-

fore hypothesized that the optimal haemoglobin target in CKD may depend on its contrasting 

effects on arterial stiffness and pressure pulsatility in CKD.  We assessed the independent 

relationships of haemoglobin levels with arterial function measures including pulse wave ve-

locity, wave reflection and pressure pulsatility in a cohort of dialysis patients. 
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Patients and Methods 

Patients 

 Forty-eight dialysis patients were enrolled at the Milpark Hospital in Johannesburg, South Af-

rica.  Patients with infection or/and active cancer were excluded.  This study was performed 

according to the Helsinki Declaration of 1975 as revised in 2013 and was approved by the 

University of the Witwatersrand Human (Medical) research Ethics Committee (protocol num-

ber: M15-08-43) in Johannesburg, South Africa.  Written informed consent was obtained in 

each patient prior to participation. 

Methods  

The recorded characteristics included demographic features, lifestyle factors, anthropometric 

measures, traditional and non-traditional cardiovascular risk factors, the presence of estab-

lished cardiovascular disease including heart failure, arterial function and other hemodynamic 

characteristics that included systemic vascular resistance, stroke volume and work, cardiac 

output and left ventricular mass index.  Data recording was performed on the day prior to un-

dergoing dialysis, which was applied thrice weekly in each of these patients.       

Cardiovascular risk factors   

We recorded traditional and non-traditional or renal cardiovascular risk factors as previously 

reported21 and given in the online Supplementary Materials.  For the present study, high phos-

phate was considered present when the phosphate concentration was >1.42 mmol/l or/and 

phosphate lowering drugs including calcium carbonate or sevelamer therapy in 44 and 1 pa-

tients, respectively, was employed.  Mean arterial blood pressure for the peripheral waveform 

was determined electronically by the SphygmoCor device (see below) and using the formula  

            TF 

   Σ Pi 
             i=T0 

MP= _________ 

             n      
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where T0=start of the waveform; TF=end of waveform; Pi=pressure points and n=number of 

pressure points.  

Established cardiovascular disease   

Ischemic heart disease, heart failure and cerebrovascular and peripheral arterial disease that 

was confirmed by a cardiologist, neurologist and vascular surgeon, respectively, comprised 

recorded established cardiovascular disease.  

Arterial function   

Applanation tonometry and SphygmoCor software were used to determine central hemody-

namic features as previously reported21 and given in the online Supplementary Materials.  We 

assessed aortic pulse wave velocity, augmentation index, reflected wave pressure and reflec-

tion magnitude, central systolic and pulse pressure, peripheral pulse pressure, pressure am-

plification and forward wave pressure.  

Other hemodynamic parameters 

Echocardiography was performed as recommended by the American Society of Echocardiog-

raphy convention and using a Sonosite M-Turbo ultrasound (SonoSite® Inc., Bothell, WA, 

USA)22.  We assessed stroke volume, cardiac output and left ventricular mass index.  Further 

details are given in the online Supplementary Materials.  Systemic vascular resistance was 

calculated from mean arterial pressure and cardiac output according to the equation mean 

arterial pressure=systemic vascular resistance x cardiac output assuming that right atrial pres-

sure=0 mmHg.  Stroke work was calculated as stroke volume x systolic blood pressure x 

0.0144, and expressed in gram-meters/beat.        

Data analysis 

Statistical analysis was performed on IBM SPSS statistics program (version 23.0 IBM, USA) 

and significance was set at p ≤0.05.  Results are expressed as mean (SD) or median (inter-

quartile range, IQR) for continuous variables and percentages for categorical variables.  Log-

arithmic transformation was applied when non-normally distributed data were analysed in mul-

tivariable regression models.    
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   The associations of lifestyle factors, anthropometric measures and major traditional and non-

traditional/renal cardiovascular risk factors with arterial function parameters were first as-

sessed in established confounder21,23 including age, sex, race, weight, height, heart rate and 

mean arterial blood pressure adjusted linear regression models.     

   Subsequently, the independent associations of recorded cardiovascular risk factors with ar-

terial function parameters were assessed by entering established confounders together with 

those that were related to arterial function in the previous analysis into single models. 

   As heart failure24 and treatment with angiotensin converting enzyme inhibitors or angiotensin 

blockers25 as well erythropoietin stimulating agents26 can also impact arterial function, the po-

tential influence of the respective factors was assessed in separate models and sensitivity 

analyses.  

   The above mentioned analyses revealed that haemoglobin concentrations were directly as-

sociated with arterial stiffness and inversely related to pressure pulsatility.  We therefore in-

vestigated the respective relationships further by performing receiver operator characteristic 

(ROC) curve analysis. 

  Finally, we assessed bivariate associations among haemoglobin concentrations and other 

hemodynamic characteristics by determining Pearson correlation coefficients.   

Results  

Patient characteristics 

The recorded characteristics are given in Table 1.  The mean (SD) age was 55.8 (14.3) years 

and 22 (45.8%) were women.  More than half of the study participants (56.3%) were of black 

population origin.  Hypertension, dyslipidemia and diabetes were present in 44 (91.7%), 30 

(71.4%) and 19 (39.6%), respectively.  Angiotensin converting enzyme inhibitors or angioten-

sin receptor blockers and erythropoietin stimulating agents were used in 37 (77.1%) and 43 

(89.6%) of the patients, respectively.  Among those with cardiovascular disease (n=14 

(29.6%)), 7 (14.6%) had heart failure.  The pulse wave velocity and left ventricular mass index 

were both large with a median (interquartile range) and mean (SD) value of 11.2 (7.8-14.9) 

and 103.4 (51.0), respectively.  
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Associations of haemoglobin concentrations with arterial function 

As given in Table 2, in age, sex, race, weight, height, mean blood pressure and heart rate 

adjusted linear regression models, haemoglobin levels were directly associated with pulse 

wave velocity (p=0.05) and inversely with central systolic blood pressure (p=0.03), central 

pulse pressure (p=0.01), peripheral pulse pressure (p=0.001) and forward wave pressure 

(p=0.001) (model 1 in Table 2).   

   Apart from diabetes that was associated with pulse wave velocity (p=0.01), augmentation 

index (p=0.01), reflected wave pressure (p=0.02), reflection magnitude (p=0.02) and central 

pulse pressure (p=0.02), and heart rate and mean blood pressure for which data are not shown 

as these characteristics were included as established confounders in the models, none of the 

other traditional and non-traditional/renal risk factors as given in Table 1 were associated with 

arterial function parameters.  Model 2 in Table 2 shows that upon additional adjustment for 

diabetes, haemoglobin concentrations remained associated with pulse wave velocity (p=0.03), 

central systolic blood pressure (p=0.04), central pulse pressure (p=0.01), peripheral pulse 

pressure (p=0.001) and forward wave pressure (p=0.001). 

   When we additionally adjusted for the presence of heart failure (model 3 in Table 2), the 

associations of haemoglobin concentrations with arterial function remained consistent (p=0.03, 

p=0.04, p=0.01, p=0.001 and p=0.002 for pulse wave velocity, central systolic blood pressure, 

central pulse pressure, peripheral pulse pressure and forward wave pressure, respectively.   

   As shown in model 4 in Table 2, upon additional adjustment for the use of angiotensin con-

verting enzyme inhibitors or angiotensin receptor blockers, haemoglobin concentrations re-

mained associated with pulse wave velocity (p=0.03), peripheral pulse pressure (p=0.002) and 

forward wave pressure (p=0.005) but their relationships with central systolic blood pressure 

and central pulse pressure no longer reached significance (p=0.1 and p=0.06, respectively. 

   As given in model 5 in Table 2, when we additionally adjusted for treatment with erythropoi-

etin stimulating agents, haemoglobin levels remained associated with pulse wave velocity 

(p=0.03), central systolic blood pressure (p=0.04), central pulse pressure (p=0.01), peripheral 

pulse pressure (p=0.001) and forward wave pressure (p=0.001). 
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Associations of haemoglobin concentrations with arterial function in sensitivity analyses 

To further assess whether the presence of heart failure and angiotensin converting enzyme 

inhibitor or angiotensin receptor blocker and erythropoietin stimulating agent therapy could 

influence the impact of haemoglobin concentrations on arterial function, we performed sensi-

tivity analyses.  These results are shown in Table 3. 

   In patients without heart failure (n=41), haemoglobin levels were associated with pulse wave 

velocity (p=0.01), central pulse pressure (p=0.02), peripheral pulse pressure (p=0.004) and 

forward wave pressure (p=0.004) whereas their relationship with central systolic blood pres-

sure did not reach significance (p=0.07).  Haemoglobin concentrations were further directly 

associated with reflection magnitude (p=0.04).  When the mean arterial pressure was replaced 

by systemic vascular resistance in the respective model, the association of haemoglobin levels 

with reflection magnitude was not materially altered (partial R=0.334, p=0.08). 

   Among patients on angiotensin converting enzyme inhibitor or angiotensin receptor blocker 

therapy, haemoglobin levels were associated with central pulse pressure (p=0.03), peripheral 

pulse pressure (0.002) and forward wave pressure (p=0.003) but their relationship with pulse 

wave velocity and central systolic blood pressure did not reach significance (p=0.07 and 

p=0.09, respectively).   

   In patients treated with erythropoietin stimulating agents, haemoglobin concentrations were 

associated with pulse wave velocity (p=0.03), central pulse pressure (p=0.02), peripheral pulse 

pressure (p=0.004) and forward wave pressure (p=0.002) whereas their relationship with cen-

tral systolic blood pressure did not reach significance (p=0.1).   

Haemoglobin levels were further associated with augmentation index (p=0.05) and reflection 

magnitude (p=0.03).  When the mean arterial pressure was replaced by systemic vascular 

resistance in the respective model, the association of haemoglobin levels with reflection mag-

nitude was not materially altered (partial R=0.317, p=0.1). 

Haemoglobin concentrations, arterial stiffness and increased central pulse pressure   
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Arterial stiffness (pulse wave velocity >10 m/sec)27,28 and increased pulse pressure (>50 

mmHg)29 were recorded in 46.3% and 28.7% of the patients, respectively.  Given the inde-

pendent associations of haemoglobin concentrations with arterial stiffening and low pressure 

pulsatility among these patients (Table 2), we determined the accuracy of haemoglobin con-

centrations in predicting arterial stiffness and a normal central pulse pressure in ROC curve 

analysis.  This is shown in Figure 1.  The area under the curve (AUC) of the ROC curve was 

associated with arterial stiffness (Figure 1A; AUC=0.670) and normal pulse pressure (Figure 

1B; AUC=0.717).  To estimate the optimal cut-off values for haemoglobin concentrations in 

determining arterial function, we calculated the Youden index.  The optimal haemoglobin con-

centration cut-off value in predicting the presence of arterial stiffness was 10.95 g/dl with a 

corresponding sensitivity, specificity, and positive and negative predictive value as determined 

by applying Bayes’ theorem of 45.7%, 77.8%, 84.8% and 60.9%, respectively; the optimal 

haemoglobin concentration cut-off value in predicting the presence of a normal pulse pressure 

was 10.85 g/dl with a corresponding sensitivity, specificity, and positive and negative predictive 

value of 72.7%, 81.8%, 77.1% and 78.0%, respectively.   

   A haemoglobin value of >10.9 mg/dl was associated with arterial stiffness (OR (95% CI) = 

4.77 (1.23 – 18.53), p=0.02) and normal central pulse pressure (OR (95% CI) = 7.88 (1.96 – 

31.57), p=0.004).  In established confounder adjusted logistic regression models, a haemoglo-

bin value of >10.9 mg/dl remained associated with arterial stiffness (OR (95% CI) = 10.48 (1.57 

– 70.08), p=0.02) and normal central pulse pressure (OR (95% CI) = 7.55 (1.58 – 36.03), 

p=0.01). 

Associations among haemoglobin levels and other haemodynamic characteristics 

Associations among haemoglobin concentrations and other hemodynamic characteristics are 

given in Table 4.  Haemoglobin levels were directly associated with systemic vascular re-

sistance (p=0.05) and inversely related to stroke volume (p=0.05), cardiac output (p=0.03) and 

stroke work (p=0.01).  Systemic vascular resistance was inversely associated with stroke vol-

ume (p<0.0001), cardiac output (p<0.0001), stroke work and left ventricular mass index 

(p=0.01).  Stroke volume was directly associated with cardiac output (p<0.0001), stroke work 
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(p=0.01) and left ventricular mass index.  Cardiac output was directly associated with stroke 

work (p<0.0001) and left ventricular mass index (p=0.409).  Stroke work was directly associ-

ated with left ventricular mass index (p=0.02).  Additionally, cardiac output was directly asso-

ciated with pressure pulsatility measures including peripheral pulse pressure (R=0.340, 

p=0.02), central pulse pressure (R=0.299, p=0.05) and forward wave pressure (R=0.377, 

p=0.01), and tended to be directly associated with central systolic pressure (R=0.292, p=0.06).  

 

Discussion 

To our knowledge, this is the first study that simultaneously assessed the potential impact of 

haemoglobin concentrations on pulse wave velocity, wave reflection and pressure pulsatility 

as arterial function markers, as well as other hemodynamic characteristics in dialysis patients.  

The most striking and novel finding in this study was that haemoglobin concentrations were 

associated not only with arterial stiffness but also simultaneously with low pressure pulsatility 

measures including central systolic blood pressure, central and peripheral pulse pressure as 

well as forward wave pressure.  In ROC curve analysis, the optimal haemoglobin concentration 

cut-off values in predicting arterial stiffness and increased central pulse pressure were remark-

ably similar at 10.95 g/dl and 10.85 g/dl respectively, and with clinically useful sensitivities, 

specificities and positive and negative predictive values.  A haemoglobin value of >10.9 mg/dl 

was independently and strongly associated with both arterial stiffness (OR (95% CI) = 10.48 

(1.57 – 70.08), p=0.02) and normal central pulse pressure (OR (95% CI) = 7.55 (1.58 – 36.03), 

p=0.01). 

   Anaemia is a highly prevalent comorbidity in dialysis patients30.  Anaemia in CKD is mediated 

by multiple factors including reduced erythropoietin synthesis and release, iron deficiency and 

chronic inflammation31.   Anaemia causes reduced viscosity and increased nitric oxide produc-

tion and activation mediated vasodilatation and decreased peripheral vascular re-

sistance19,32,33.  Nitric oxide additionally reduces arterial stiffness, this to a larger extent than 

peripheral vascular resistance14.  Haemoglobin is a potent nitric oxide scavenger15.  The use 

of nitric oxide donors comprises a potential therapeutic intervention for arterial stiffness34.  The 
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vascular effects of anaemia or low haemoglobin result in reduced cardiac afterload, increased 

venous return, preload, left ventricular filling pressure and end-diastolic volume with conse-

quent enhanced stroke volume and work.  Increased stroke volume translates into enhanced 

cardiac output that is associated with enhanced pressure pulsatility35,36.  Anaemia together with 

arterial stiffness thereby ultimately engender left ventricular hypertrophy and heart failure in 

CKD19,37.  Our findings of a direct and concurrent inverse relationship of haemoglobin concen-

trations with arterial stiffness and pressure pulsatility measures, respectively, as well as the 

associations among haemoglobin levels and hemodynamic measures including systemic vas-

cular resistance, stroke volume, stroke work, left ventricular mass index, cardiac output and 

pressure pulsatility parameters are each in keeping with these reported hemodynamic effects 

of anaemia in persons with and without CKD. 

   Our results are also in line with reported data in population and non-dialysis patient studies.  

The Korea National Health and Nutrition Examination Survey 2010-2012 revealed a relation-

ship of anaemia with pulse pressure38.  In the Chronic Renal Insufficiency Cohort Ancillary 

Study39, haemoglobin concentrations were inversely associated with peripheral pulse pres-

sure.  A direct association of haemoglobin concentrations with arterial stiffness has also been 

reported in two population studies16,17 and patients with hypertension18. 

   In contrast to our findings, Schwartz and colleagues40 previously reported in an inverse as-

sociation between haemoglobin levels and aortic pulse wave velocity.  The mean age (SD) 

age was 64.4 (15.8) years in the Schwarz study compared to 56.4 (13.3) years in ours.  Nota-

bly, a high aortic pulse wave velocity strongly predicts overall and cardiovascular mortality in 

end-stage renal disease among patients <60 years but loses its prognostic value in older pa-

tients41.  The potential impact of age on haemoglobin-arterial function relationships in CKD 

merits further study.  Wave reflection and pressure pulsatility were not explored in the Schwartz 

study.   

   Partial correction of severe anaemia targeting a haemoglobin level of 11.0 g/dl with erythro-

poietin stimulating agents in dialysis patients improves quality of life and reduces hospitaliza-
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tion and the need for transfusion42.  However, recent meta-analyses have documented an in-

creased risk of all-cause mortality, stroke, hypertension and vascular access thrombosis12,13 

when a normal haemoglobin level of ~13 g/dl is targeted with erythropoietin stimulating agents 

in CKD patients.  The reason(s) why the optimal haemoglobin target as relates to CVD risk is 

lower in CKD compared to non-CKD individuals and the potential involved mechanisms remain 

largely unknown.  Postulates include highly prevalent underlying atherosclerotic disease in 

CKD, increased viscosity and platelet aggregation, endothelial damage, vasoconstriction and 

increased peripheral vascular resistance31.  Moreover, given the design of recent trials, the 

effect of a haemoglobin level of 11.5 to 13 g/dl on the vasculature in CKD patients is currently 

unknown10,11.  Accordingly, the 2012 Kidney Disease: Improving Global Outcomes (KDIGO) 

guideline and a commentary on a recent meta-analysis state that targeting a haemoglobin level 

of 11.5 to 13 g/dl may still need to be considered in some CKD patients10,11.  It is in this context 

that our findings in ROC curve analysis are particularly relevant as they indicate that a haemo-

globin target of 10.9 g/dl in dialysis patients is associated with optimal arterial function com-

prising of a lower frequency of both arterial stiffness and increased pressure pulsatility.  Taken 

together, the optimal haemoglobin target in CKD may be determined by its effects on arterio-

sclerosis, which is a key mechanism of increased CVD in CKD2,6.  Notably, our results also 

suggest that the haemoglobin level reached is more important than the intervention used to 

reach the respective level. 

   Heart failure is associated with reduced pulse wave velocity and wave reflection24. Addition-

ally, angiotensin converting enzyme inhibitors and angiotensin receptor blockers can improve 

arterial function25, and erythropoietin stimulating agents can impair nitric oxide production26.  

When we adjusted for these characteristics in separate models and performed sensitivity anal-

yses, the partial R values for the haemoglobin-pulse wave velocity and haemoglobin-pressure 

pulsatility relations were materially unaltered.  However, in sensitivity analyses, haemoglobin 

concentrations were additionally associated with reflection magnitude among patients without 

heart failure as well as in those using erythropoietin stimulating agents.  Reduced nitric oxide 

activity is also implicated in increased wave reflection43.   
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Interestingly, when we replaced mean arterial pressure by systemic vascular resistance in the 

respective models, the results were also materially unaltered.  This suggests that potential 

effect of haemoglobin concentrations on reflection magnitude in dialysis patients is located 

centrally rather than at the peripheral or arteriolar level and is therefore unlikely to improve 

upon treatment with vasodilators.   

   Our study has limitations.  Its design was cross-sectional, which precludes determining 

cause-effect relations.  The numbers of patients, particularly in sensitivity analyses, were small.  

However, our main conclusions originated in comprehensively adjusted multivariable regres-

sion models.  The strength of our study is that we performed a detailed evaluation of aortic 

function using SphygmoCor and other hemodynamic characteristics.   

   In conclusion, this study suggests that the optimal haemoglobin target in dialysis patients is 

~11g/dl and determined by its differential and contrasting effects on arterial stiffness and pres-

sure pulsatility. 
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Table 1 Recorded patient characteristics in 48 dialysis patients 

______________________________________________________________________________________________________ 

Demographics 

  Age (years) 55.8 (14.3)   Dialysis duration (months) 24 (12-36)    

  Female sex 22 (45.8)   Phosphate (mmol/l) 1.4 (0.9-1.8) 

  Black  27 (56.25)   Calcium (mmol/l) 2.3 (2.1-2.4) 

  Asian 11 (22.92)   Calcium x phosphate 3.0 (2.2-4.0) 

  Mixed  6 (12.5)   Phosphate binder use  35 (79.5) 

  White 4 (8.33)   High phosphate 44 (83.3) 

Lifestyle      IPTH 470.3 (182.0-785.8) 

  Alcohol use (units per week) 1 (2.1)   High sensitivity CRP (mg/l) 8.9 (2.5-29.9)  

  Current smoker  0 (0)   Haemoglobin (g/dl) 10.8 (1.7) 

  Ex-smoker 4 (8.3)   Transferrin saturation (%) 22.9 (19.1-28.9) 

Anthropometry        Ferritin (ng/ml) 361 (128-654)  

  Body mass index (kg/m2) 26.8 (5.6)   Albumin (g/l) 37.9 (6.5) 

  Waist (cm) 99 (16)   Vitamin D (nmol/l) 19.7 (9.0) 

  Waist-hip ratio 0.98 (0.09)   Uric acid (mmol/l) 0.28 (0.12) 

  Weight (kg) 74.7 (14.7)   ESA use 43 (89.6) 

  Height (m) 1.67 (0.11) Cardiovascular disease 14 (29.2)  

  Waist-height ratio 0.60 (0.11)   Heart Failure 7 (14.6) 

Major traditional risk factors  Arterial function     

  Hypertension 44 (91.7)   Pulse wave velocity (m/sec) 11.2 (7.8-14.9) 

  Systolic BP (mmHg) 146 (22)   Augmentation index (%) 27.1 (16.2)   

  Diastolic BP (mmHg) 85 (14)   Reflected wave pressure (mmHg) 25.0 (15.0-29.5) 

  Mean BP  105 (14)   Reflection magnitude (%) 67.0 (16.6) 

  Heart rate (beats/min) 75 (17)   Central systolic BP (mmHg) 136 (22) 

  Dyslipidemia 30 (71.4)   Central pulse pressure (mmHg) 49 (17) 

  Total cholesterol (mmol/l) 4.3 (1.1)   Pulse pressure amplification  132 (29) 

  LDL cholesterol (mmol/l) 2.4 (1.0)   Forward wave pressure (mmHg) 35 (11)   

  HDL cholesterol (mmol/l) 1.13 (0.90-1.55)  Other hemodynamics    

  Non-HDL cholesterol (mmol/l) 3.1 (1.0)    Stroke volume (ml/beat) 71.4 (26.0) 

  Triglycerides (mmol/l) 1.33 (0.88-1.80)    Cardiac output (l/min) 5.5 (2.2) 

  Diabetes  19 (39.6)     Stroke work (gram-meters/beat) 153.2 (66.8) 

  ACEI/ARB therapy  37 (77.1)   Left ventricular mass index (g/m2) 103.4 (51.0) 

Non-traditional/renal risk factors       SVR (mmHg/l/min) 20.4 (15.2-24.3) 

_____________________________________________________________________________________________________ 

Data are expressed as mean (SD), median (interquartile range) or number (%).  Abbreviations: BP, blood pressure; LDL, low density 
lipoprotein; HDL, high density lipoprotein; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; iPTH, 
intact parathyroid hormone; CRP, C-reactive protein; ESA, erythropoietin stimulating agent; SVR, systemic  
vascular resistance. 
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Table 2 Associations of haemoglobin concentrations with arterial function in 48 dialysis patients 
______________________________________________________________________________________________________________________________________________________________________________________ 
 
                                   Model 1a                      Model 2b                          Model 3c                         Model 4d                Model 5e 
 ______________________________      ______________________________       ______________________________    ______________________________    _______________________________ 
 
Arterial function   β (SD)  Partial P Model β (SD)   Partial    P   Model   β (SD)   Partial   P   Model   β (SD)   Partial  P  Model   β (SD)   Partial    P   Model  
parameter                                    R  R2                                 R               R2                      R                   R2                         R             R2                  R              R2 
______________________________________________________________________________________________________________________________________________________________________________________ 
 
Log PWV      0.030    0.329     0.05    0.314 0.031 0.366 0.03 0.450 0.031 0.378 0.03 0.476 0.031 0.375 0.03 0.468 0.031 0.374 0.03 0.461
 (0.015)    (0.014)    (0.014)    (0.014)    (0.014) 
Aix 1.835 0.232 0.1 0.552 1.920 0.284 0.1 0.589 1.954 0.291 0.1 0.589 1.946 0.293 0.1 0.588 1.920 0.238 0.1 0.597 
 (1.215)    (1.183)    (1.192)    (1.220)    (1.192) 
Log RWP -0.027 -0.322 0.07 0.552 -0.026 -0.323 0.07 0.586 -0.026 -0.321 0.08 0.587 -0.020 -0.262 0.2 0.613 -0.026 -0.324 0.08 0.588 
 (0.014)    (0.014)    (0.014)    (0.014)    (0.014)   
Rm 1.951 0.275 0.1 0.430 2.044 0.301 0.1 0.592 2.076 0.307 0.09 0.599 1.995 0.299 0.1 0.582 2.052 0.305 0.1 0.601  
 (1.226)    (1.184)    (1.194)    (1.224)    (1.190) 
CSBP -2.231 -0.347 0.03 0.798 -2.150 -0.344 0.04 0.809 -2.151 -0.344 0.04 0.809 -1.514 -0.246 0.1 0.816 -2.153 -0.344 0.04 0.810
 (1.035)    (1.022)    (1.038)    (1.091)    (1.039)   
CPP -3.126 -0.400 0.01 0.541 -3.005 -0.403 0.01 0.583 -3.004 -0.402 0.01 0.583 -2.357 -0.336 0.06 0.480 -3.003 -0.402 0.01 0583  
 (1.227)    (1.189)    (1.208)    (1.208)    (1.208) 
PPP -5.828 -0.510 0.001 0.390 -5.831 -0.521 0.001 0.426 -5.807 -0.520 0.001 0.426 -5.570 -0.502 0.002 0.424 -5.599 -0.506 0.001 0.43  
 (1.616)    (1.589)    (1.612)    (1.670)    (1.611) 
PPamp -2.838 -0.222 0.2 0.502 -2.856 -0.223 0.2 0.502 -2.851 -0.223 0.2 0.503 -3.531 -0.272 0.1 -0.530 -2.939 -0.234 0.1 0.524  
 (2.138)    (2.173)    (2.206)    (2.280)    (2.160) 
FWP -3.111 -0.544 0.001 0.480 -3.087 -0.544 0.001 0.489 -3.080 -0.543 0.002 0.490 -2.658 -0.512 0.005 0.546 -3.091 -0.546 0.001 0.49  
 (0.862)    (0.870)    (0.884)    (0.858)    (0.880) 
______________________________________________________________________________________________________________________________________________________________________________________ 
Significant associations are shown in bold.  Abbreviations: β: regression coefficient; Log: logarithmically transformed; PWV: pulse wave velocity; Aix: augmentation index; RWP: reflected wave pressure; Rm: reflection  
magnitude; CSBP: central systolic blood pressure; CPP: central pulse pressure; PPP: peripheral pulse pressure; PPamp: pulse pressure amplification; FWP: forward wave pressure.    
aAdjusted for age, sex, race, height, weight, mean arterial pressure and heart rate. 
bAdjusted for age, sex, race, height, weight, mean arterial pressure, heart rate and diabetes. 
cAdjusted for age, sex, race, height, weight, mean arterial pressure, heart rate, diabetes and heart failure. 
dAdjusted for age, sex, race, height, weight, mean arterial pressure, heart rate, diabetes and angiotensin converting enzyme inhibitor or angiotensin receptor blocker therapy. 
eAdjusted for age, sex, race, height, weight, mean arterial pressure, heart rate, diabetes and erythropoietin stimulating agent therapy. 
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Table 3 Associations of haemoglobin concentrations with arterial function in sensitivity analyses among patients without heart failure and on ACEI or  
ARB and ESA agent therapy 
_______________________________________________________________________________________________________________________________ 

                  Patients without heart failure            Patients on ACEI or ARB therapy        Patients on ESA therapy 

                     (n= 41)                                                      (n=37)                                                    (n=43)                  

 ____________________________________    ____________________________________   ____________________________________ 

Arterial function  β (SD)          Partial R P          Model R2  β (SD) Partial R P Model R2 β (SD) Partial R P Model R2  

_______________________________________________________________________________________________________________________________ 

Log PWV      0.037 (0.015)   0.435    0.01     0.390        0.031 (0.017)   0.357  0.07    0.440      0.031 (0.014)    0.376    0.03     0.409 

Aix 2.347 (1.212) 0.355 0.06 0.621 1.792 (1.399) 0.269 0.2 0.519 2.097 (1.030) 0.365 0.05 0.677 

Log RWP -0.020 (0.014) -0.264 0.2 0.550 -0.027 (0.016) -0.350 0.1 0.643 -0.026 (0.014) -0.327 0.08 0.537 

Rm 2.509 (1.203) 0.378 0.04 0.626  1.861 (1.405) 0.278 0.2 0.512 2.225 (1.015) 0.389 0.03 0.687 

CSBP 1.971 (1.017) -0.334 0.07 0.796 -1.994 (1.159) -0.338 0.09 0.824 -2.149 (1.051) 0.239 0.1 0.773 

CPP -2.809 (1.212) -0.407 0.02 0.555 -2.697 (1.230) -0.416 0.03 0.644 -3.011 (1.244 0.404 0.02 0.535 

PPP -5.476 (1.723) -0.508 0.004 0.382 -6.344 (1.807) -0.567 0.002 0.447 -5.406 (1.763) -0.482 0.004 0.336 

PPamp -2.862 (2.484) -0.216 0.3 0.496 -4.199 (2.764) -0.302 0.1 0.525 -3.149 (2.091) -0.265 0.1 0.557 

FWP -2.888 (0.922) -0.524 0.004 0.437 -2.190 (2.008) -0.588 0.003 0.587 -3.125 (0.903) -0.554 0.002 0.445 
_______________________________________________________________________________________________________________________________ 
Associations were assessed in age, sex, race, weight, height, heart rate, mean arterial pressure and diabetes adjusted linear regression models.  Significant  
associations are shown in bold.  Abbreviations: β: regression coefficient; Log: logarithmically transformed; PWV: pulse wave velocity; Aix: augmentation  
index; RWP: reflected wave pressure; Rm: reflection magnitude; CSBP: central systolic blood pressure; CPP: central pulse pressure; PPP: peripheral pulse  
pressure; PPamp: pulse pressure amplification; FWP: forward wave pressure.    
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Table 4 Bivariate associations among haemoglobin concentrations and hemodynamic variables 

__________________________________________________________________________________________________ 

                                     Haemoglobin           Log SVR             Stroke volume         Cardiac output      Stroke work LVMI  

Haemoglobin - 

Log SVR 0.285 (0.05) - 

Stroke volume -0.290 (0.05) -0.869 (<0.0001) - 

Cardiac output -0.319 (0.03) -0.926 (<0.0001) 0.910 (<0.0001) - 

Stroke work -0.367 (0.01) -0.732 (<0.0001) 0.925 (<0.0001) 0.867 (<0.0001) 

LVMI                          -0.154 (0.3)        -0.359 (0.01)           0.346 (0.01)        0.409 (0.005) 0.337 (0.02) -    

__________________________________________________________________________________________________ 

Results are expressed as Pearson correlation (p).  Significant associations are shown in bold.  Abbreviations: Log: 
Logarithmically transformed; SVR: systemic vascular resistance; LVMI: left ventricular mass index.     
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Supplementary data 

Methods 

Cardiovascular risk factors   

Hypertension was identified when the systolic or/and diastolic blood pressure were ≥ 

140mmHg and 90mmHg, respectively, or/and antihypertensive agents were used.  Analyses 

were performed on fasting blood samples using routine laboratory tests for the determination 

of lipid, glucose, phosphate, calcium, haemoglobin, albumin, uric acid and ferritin concentra-

tions, transferrin saturation percentages.  Intact parathyroid hormone levels were measured 

by an electrochemiluminescent immunoassay on Roche Cobas.  High-sensitive C-reactive 

protein and vitamin D concentrations were both estimated on Abott Architect using an immu-

noturbidimetric assay and chemoluminescent microparticle immunoassay, respectively.  

Dyslipidemia was diagnosed when the total cholesterol: HDL cholesterol ratio was >4 or/and 

lipid lowering drugs were employed.  Diabetes was identified in patients with a fasting glucose 

level of >7 mmol/l and in those that used glucose lowering medications.  

Arterial function   

Pulse wave velocity, central aortic blood pressure and reflected and forward wave pressures 

were evaluated using a high-fidelity SPC-301 micromanometer (Millar instument, Inc., Hou-

ston, Texas), interfaced with a computer utilizing SphygmoCor software, version 9.0 (AtCor 

Medical Pty. Ltd., West Ryde, New South Wales, Australia).  Subsequent to resting for 15 

minutes in the supine position, arterial waveforms at the radial (dominant arm), carotid and 

femoral artery pulses were recorded for a time period of ten consecutive waveforms (heart 

beats).  Calibration of the pulse wave was done by manual measurement (auscultation) of 

brachial BP taken immediately prior to recordings.  An extensively validated generalized trans-

fer function incorporated in the SphygmoCor software was used to convert the peripheral pres-

sure wave form into a central aortic waveform1-3.  The results were discarded when the systolic 

or diastolic variability of consecutive waveforms exceeded 5% or the amplitude of the pulse 

wave signal was less that 80 mV.  The aortic pulse wave velocity was calculated as distance 

in meters divided by transit time in seconds.  The time delay in pulse waves between the carotid 
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and femoral sites was assessed by employing an ECG-derived R wave as a fudicial point.  

Pulse transit time was calculated as the mean of 10 consecutive beats.  The difference be-

tween the distance from the femoral sampling site to the suprasternal notch and the distance 

from the carotid sampling site to the suprasternal notch represented the distance the pulse 

wave travels.  Magnitude of the forward and reflected wave components of the aortic pressure 

waveform was determined by the SphygmoCor software, which separates the aortic waveform 

by using a modified triangular waveform.  Augmentation index was calculated as (second sys-

tolic peak/first systolic peak) x 100, reflection magnitude as (reflected wave amplitude/forward 

wave amplitude) x 100 and pulse pressure amplification as (radial pulse pressure/aortic pulse 

pressure) x 100.  All measurements were made by a single experienced observer who was 

unaware of the cardiovascular risk factor profiles of the patients.  Brachial blood pressure was 

recorded in all patients.  Technically sound measurements of the central pressure wave and 

pulse wave velocity were obtained in 44 patients each.  

Other hemodynamic characteristics 

Left ventricular dimensions were determined using two-dimensional directed M-mode echo-

cardiography in the parasternal long axis view.  Left ventricular dimensions were determined 

using two-dimensional directed M-mode echocardiography in the parasternal long axis view.  

Left ventricular end diastolic and systolic volumes were determined using the Teichholz 

method4.  Stroke volume was determined from the difference between left ventricular end di-

astolic and systolic volumes as evaluated upon employing the Z-derived method1.  Cardiac 

output was determined as stroke volume x heart rate.  Left ventricular mass was determined 

using a standard formula1 (left ventricular mass=0.8 x (1.04 (left ventricular end diastolic diam-

eter + left ventricular septal wall thickness + left ventricular end diastolic posterior wall thick-

ness)3 – (left ventricular end diastolic diameter)3 + 0.6) and indexed to body surface area.  

Echocardiographic measurements were made by the same experienced observer that per-

formed the arterial function measurements.  The intra-observer variation for echocardiographic 

measurements is low in our setting5. 
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Summary of the findings, potential implications and conclusions 

This thesis comprises 4 original studies on subclinical and/or established CVD and its risk 

factors among South African patients with CKD that were recruited at Milpark  Hospital in Jo-

hannesburg, South Africa.  Enrolled participants included predialysis and dialysis patients as 

well as kidney transplant recipients.    

 

In the first investigation, we compared cardiovascular risk factor profiles and disease be-

tween black compared and other African predialysis and dialysis patients.  Black American 

CKD patients experience more rapid CKD progression and a mostly similar or larger overall 
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mortality rate compared to their white counterparts (Choi AI et al, 2009; Hounkpatin HO et al, 

2020).  Increased overall mortality is particularly noticeable in black Americans with an eGFR 

of 45 to 59 ml/min/1.73m2 (Choi AI et al, 2009). Hypertension and diabetes are also more 

prevalent in black American CKD patients.  Cardiovascular mortality is increased in black pre-

dialysis patients but decreased once they are on dialysis, which is likely due to a survival bias   

(Carnethon MR et al, 2017).  

 

It is interesting and important to consider how these reported findings compare to those in the 

first study of the present thesis.  In this regard, we assessed cardiovascular risk factor profiles, 

aortic function including pulse wave velocity, wave reflection and central systolic and pulse 

pressure, left ventricular diastolic and systolic function, atherosclerosis extent as well as car-

diovascular event rates.  We found that in adjusted analysis, among predialysis patients, black 

compared to other Africans have more adverse traditional and non-traditional cardiovascular 

risk factor profiles, enhanced wave reflection and central pressures, and impaired diastolic 

function but similar cardiovascular event rates.  By contrast, black compared to other African 

dialysis patients have similar traditional and non-traditional cardiovascular risk factor profiles 

and aortic and diastolic function but smaller cardiovascular event rates.  The latter finding sug-

gests the presence of a selection bias as was previously documented in black American dial-

ysis patients.  With regard to African predialysis patients, our findings may be due to an earlier 

epidemiological transition stage.  However, given the considerably increased cardiovascular 

risk and subclinical cardiovascular disease burden in black African predialysis patients, it is 

also feasible if not likely that cardiovascular mortality is actually increased in this group.  We 

could not address this likely possibility in black compared to other African CKD patients as our 

study design was cross-sectional.  The same applies to disease progression.  Future longitu-

dinal studies are clearly needed to address these pertinent issues.     

 

The other major finding of the first study of this thesis is that, overall, black compared to other 

African CKD patients currently experience significantly less frequent severe atherosclerosis 
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despite an increased cardiovascular risk factor burden.  It should be noted in this regard that, 

while prevalent atherosclerosis is enhanced by CKD (Drueke TB et al, 2010), arteriosclerosis 

with consequent impaired arterial function (Zanoli L et al, 2009) and myocardial fibrosis that 

leads to impaired diastolic function that is often accompanied by left ventricular hypertrophy 

(Wang X et al, 2019), rather than atherosclerosis per se (Drueke TB et al, 2010) comprise the 

core CKD induced cardiovascular changes.  In other words, CKD patients may be particularly 

predisposed to non-artherosclerotic CVD, which in itself is strikingly more prevalent even in 

the black African population at large (Pillay-van Wyk V et al, 2016).  More importantly, the first 

study of this thesis revealed that the Framingham score is not reliable (area under the curve 

(AUC) of the receiver operator characteristic (ROC) curve=0.556 (0.375-0.737), p=0.6) in iden-

tifying black African CKD patients with very high risk atherosclerosis as represented by plaque 

presence; by contrast, the Framingham score performed remarkably well (AUC of the ROC 

curve=0.818 (0.714-0.921), p <0.0001) in determining whether other African CKD patients 

were at very high risk of atherosclerotic CVD.   

 

The findings of the first study of this thesis therefore have important clinical implications.  

Firstly, consistent and adequate CVD risk management is strongly indicated in black African 

predialysis patients.  Secondly, carotid and femoral artery ultrasound may need to be consist-

ently performed in black African CKD patients in order to identify those with very high risk 

atherosclerosis, which was still present in 30.4% of them.  The same phenomenon is well 

documented in black African patients with rheumatoid arthritis (Solomon A et al, 2020).  These 

issues may need to be addressed in order to reduce racial disparities in disease outcomes 

among African CKD patients. 

 

In the second study of this thesis, we compared potential determinants of the E/e’ ratio be-

tween non-dialysis and dialysis patients.  As dealt with in the introduction of this thesis, E/e’ 

comprises one of the important parameters that are used in currently recommended algorithms 



149 
 

 

in the identification of patients with diastolic dysfunction.  Based on previously reported inves-

tigations, we assessed the potential influence of volume overload and impaired arterial function 

on the E/e’ ratio in predialysis compared to dialysis patients.  As also based on previously 

reported data, we further explored whether cardiovascular risk factors including diabetes and 

haemoglobin concentrations could attenuate the respective relationships. 

 

We found that CKD status (dialysis versus non-dialysis) influenced the relationship of pulse 

wave velocity with E/e’ independent of established confounders (interaction p=0.01).  Conse-

quently, in stratified analysis, arterial function measures were significantly associated with E/e’ 

in non-dialysis but not dialysis patients.  Although NT-pro-BNP concentrations were associated 

with E/e’ in both non-dialysis and dialysis patients, upon entering arterial function measures 

and NT-proBNP levels simultaneously in regression models, only arterial function indices were 

associated with E/e’ in non-dialysis patients and only NT-proBNP concentrations was related 

to E/e’ in dialysis participants.  Diabetes attenuated the arterial function-E/e’ associations in 

non-dialysis patients whereas haemoglobin levels attenuated the NT-pro-BNP-E/e’ relations in 

dialysis patients.  In additional separate models, haemoglobin concentrations were associated 

with E/e’ independent of preload and afterload measures and left ventricular mass among di-

alysis patients.  

 

Given these results, potential determinants of diastolic function may indeed, at least to an ex-

tent, differ in non-dialysis compared to dialysis patients.  In this regard, NT-proBNP concen-

trations were markedly larger and haemoglobin levels substantially smaller in dialysis com-

pared to predialysis patients.  Arterial function was largely similar among both groups.  We 

therefore believe that volume overload and anaemia may override the effects of impaired ar-

terial function and diabetes on E/e’ once CKD patients are on dialysis. 
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In relation to impaired arterial function, pulse wave velocity and wave reflection mediate car-

diac afterload in early and late systole, respectively (Chirinos J et al, 2019; Peterson VR et al, 

2016).  It 

is therefore noticeable that both pulse wave velocity and wave reflection were associated with 

E/e’ in predialysis patients. 

 

Anaemia may impair diastolic dysfunction by causing a hyperdynamic circulation and volume 

overload and myocardial ischemia and fibrosis (Wang X, 2019; Mistry N et al, 2018; Caramelo 

C et al, 2007; D’Amario D et al, 2019).  Anaemia can also cause left ventricular hypertrophy.  

It is therefore of interest that, in separate models among dialysis patients, haemoglobin con-

centrations were associated with E/e’ independent of measures of cardiac preload and after-

load as well as left ventricular mass.  Anaemia may therefore impair diastolic function through 

reduced cardiomyocyte oxygenation in CKD patients.  This hypothesis requires further study.   

 

What are the main potential implications of the present findings?  It is conceivable that volume 

overload, anaemia, impaired arterial function as well as diabetes are involved in the develop-

ment of impaired diastolic function in at least some patients with CKD, irrespective of their 

predialysis, dialysis and even renal transplant status (Wang X et al, 2019; Zanoli L et al, 2019).  

Indeed, renal transplant recipients do not experience a fully restored glomerular filtration rate 

(Devine PA et al, 2019).  In the present context, our cross-sectional study design and relatively 

small number of particularly dialysis patients (n=41) are important limitations.  Nevertheless, 

our results do suggest that, overall, impaired arterial function and diabetes are predominant 

potential risk factors for impaired diastolic function in predialysis patients whereas volume 

overload and anaemia are the most important potential determinants of impaired diastolic func-

tion in dialysis patients. 

 

Whereas aortic stiffness attenuation with antihypertensives in ESRD can improve survival, 

(Guerin AP et al, 2001), effective treatment of HFpEF remains most challenging at present 
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(Redfield MM, 2016; Pfeffer MA et al, 2019).  In view of these circumstances and our current 

results, future studies that determine whether impaired arterial function and glucose control in 

predialysis patients and adequate management of volume overload and anaemia (Wyatt CM 

et al 2016) among those on dialysis can prevent the development of diastolic dysfunction and 

HFpEF, are indicated. 

 

In the third study of this thesis, we assessed the potential role of post transplantation anaemia 

and persistent secondary hyperparathyroidism in diastolic function among stable kidney trans-

plant recipients.  The reasons for this undertaking are given in the introduction of this thesis.   

 

Post transplantation anaemia and persistent secondary hyperparathyroidism were present in 

27.9% and 30.8% of kidney transplant recipients.  Overweight or obesity was identified in 

67.5% of them.  Haemoglobin concentrations were inversely associated with E/e’ whereas 

intact parathyroid hormone levels were directly related to E/e’.  Adiposity measures including 

waist-height ratio, waist circumference and body mass index were each associated with both 

e’ and E/A.  The haemoglobin-E/e’, intact parathyroid 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.  Estimated glomerular filtration rate 

was associated with E/e’ but this relationship was no longer significant after adjustment for 

established confounders as well as haemoglobin and intact parathyroid hormone levels.  In 

interaction analysis, transplant duration did not influence the haemoglobin-E/e’ and intact par-

athyroid hormone-E/e’.  Consequently, in stratified analysis the respective relationships were 

similar in those with a transplantation duration of <13.3 (median value in the whole group) and 

>13.3 years.  However, transplant duration did impact the waist-height-e’ (interaction p=0.03) 

relationship.  Consequently, in stratified analysis, anthropometric measures were associated 

with e’ and E/A in those with a transplant duration of >13.3 years but not shorter transplant 

duration. 
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What are the main implications of these findings?  Firstly, a striking finding was that the asso-

ciations of post transplantation anaemia, persistent secondary hyperparathyroidism and ex-

cess adiposity with diastolic function measures were consistently independent of cardiac pre-

load and afterload parameters as well as left ventricular mass.  This points towards potential 

direct effects of the respective risk factors on the myocardium in kidney transplant recipients 

as has been suggested in non-CKD persons and experimental models (Mistry N et al, 2018; 

Caramelo C et al, 2007; D’Amario D et al, 2019; Fujii H et al, 2018; Russo C et al, 2011; 

Libhaber CD et al, 2009). 

 

Secondly, largely in keeping with previous reports (Gafter-Gvili A et al, 2019; Vanrentherghem 

Y et al, 2003), post transplantation anaemia was markedly prevalent and none of the affected 

patients were receiving iron or erythropoietin stimulating agent therapy.  Haemoglobin levels 

were independently associated with E/e’.  Persistent secondary hyperparathyroidism was 

equally prevalent and also independently associated with E/e’.  Effective management strate-

gies for this comorbidity have been reported (Santos RD et al, 2019).  Treatment with the 

calcimimetic agent cinacalcet was shown to reduce not only left ventricular hypertrophy but 

also E/e’ in dialysis patients (Choi SR et al, 2012).  Finally, excess weight was frequently ob-

served in our patients and, as applies to non-CKD persons (Nagueh S et al, 2016; Russo C et 

al, 2011; Libhaber CD et al, 2009), adiposity measures were associated with e’ and E/A, par-

ticularly in those with long transplant duration.  Excess adiposity is a documented risk factor 

for heart failure in kidney transplant recipients (Devine PA et al, 2019).  Taken together, post 

transplantation anaemia, persistent secondary hyperparathyroidism and excess adiposity 

comprise frequent comorbidities that may be in need of more systematic management among 

kidney transplant recipients.  Whether such interventions can prevent the development of 

HFpEF merits further study. 

 

In the fourth study of this thesis, we hypothesized that the optimal haemoglobin target de-

pends on its opposing effects on arterial stiffness and pressure pulsatility in CKD patients.  We 
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simultaneously assessed the potential impact of haemoglobin concentrations on pulse wave 

velocity, wave reflection and pressure pulsatility as arterial function markers, as well as other 

hemodynamic characteristics in dialysis patients.  The most striking and novel finding in this 

study was that haemoglobin concentrations were associated not only with arterial stiffness but 

also simultaneously with low pressure pulsatility measures including central systolic blood 

pressure, central and peripheral pulse pressure as well as forward wave pressure.  In ROC 

curve analysis, the optimal haemoglobin concentration cut-off values in predicting arterial stiff-

ness and increased central pulse pressure were remarkably similar at 10.95 g/dl and 10.85 

g/dl respectively, and with clinically useful sensitivities, specificities and positive and negative 

predictive values.  A haemoglobin value of >10.9 mg/dl was independently and strongly asso-

ciated with both arterial stiffness (OR (95% CI) = 10.48 (1.57 – 70.08), p=0.02) and normal 

central pulse pressure (OR (95% CI) = 7.55 (1.58 – 36.03), p=0.01). 

 

These findings have at least two potential implications.  Firstly, they provide a potential novel 

mechanism that could explain why the optimal haemoglobin level is lower in at least dialysis 

patients as compared to in the non-CKD population.  Secondly, due to previous trial designs, 

it remains uncertain as to whether targeting a haemoglobin level of 11.5 to 13 g/dl may still be 

justified in certain dialysis patients (Wyatt CM et al, 2016; Kidney Disease: Improving Global 

Outcomes (KDIGO) Anaemia Work Group, 2012).  Our results obtained in ROC curve analysis 

argue against targeting a haemoglobin level that is larger than ~11 g/dl in dialysis patients.   

 

Before getting to the conclusion of the discussion section of this thesis, some interesting and 

important issues have arisen from the comments given by the reviewers on the current 

work.  In this regard, although patients with CKD are often reported to die from CVD before 

they develop ESRD, this was not the case in the recent Chronic Renal Insufficiency Cohort 

(Ku E et al, 2020).  This study included 1650 black and 1638 white participants with a median 

follow-up of 7.1 years.  The frequency of death and ESRD were 13% and 15%, respectively, 

in white patients, and 16% and 30%, respectively, in black participants.  
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The poorer performance of the Framingham score in identifying atherosclerotic CVD among 

our black CKD patients was also recognized in previous studies (Drawz PE, 2012; Weiner DE, 

2007). 

 

Our patients were all investigated after one day of no dialysis, i.e. not on a Monday as two 

days of no dialysis (after a weekend) could have impacted volume overload estimation. 

 

NT-proBNP is probably cleared from the plasma by renal excretion and thereby results in 

higher circulating concentrations in relation to decreasing kidney function (Hall C, 2005).   

 

We have used the term ‘pulsatility’ in our manuscripts.  This represents the rhythmic increases 

and decreases in arterial pressure during repeated cardiac cycles. 

 

With regard to paper 4, it is particularly cell-free haemoglobin and red blood cell microparticles 

rather than intracellular haemoglobin that acts as a nitric oxygen scavenger (Donadee et al, 

2011).  Hence, hemolysis is potentially most important in the present context.  These issues 

should be considered in future studies on the effects of haemoglobin on vascular and cardiac 

function among CKD patients. 

 

An initial power analysis had revealed that we needed to investigate 150 CKD patients to ad-

equately identify changes in cardiac and vascular structure and function.  Nevertheless, future 

studies will be needed to confirm our findings that were obtained in subgroup incuding sensi-

tivity analyses. 

 

All enrolled patients had been managed previously in our clinic and hence, none of them com-

prised new referrals.  The first presenters on each day were consecutively enrolled.  Only one 

of all invited patients refused participation. 
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All procedures in each of the studies were performed on a dialysis-free day.  To determine that 

our findings on the potential effects of haemoglobin on aortic function are truly CKD specific 

as given in study 4, the respective relationships require future evaluation in non-CKD persons 

as we did not include a control group.  In the respective study 4, we proposed that our findings 

were explainable on the basis of the reported nitric oxide scavenging effect of haemoglobin.  

However, haemoglobin also has antioxidant effects and both anaemia and high haemoglobin 

can have numerous other negative effects on haemodynamics.  These issues should also be 

addressed in future studies.   

 

In study 1, we found that in black CKD patients, the Framingham score was not related to 

carotid artery plaque presence.  However, this finding requires cautious interpretation.  Firstly, 

both employed measures have their potential shortcomings in predicting cardiovascular events 

in general and likely even more so in CKD patients.  Moreover, black patients were younger 

and experienced higher blood pressure compared to their non-black counterparts, which may 

have impacted the variability of the Framingham score in the former group. 

 

With regard to paper 3, anti-rejection drug use may have impacted vascular and/or cardiac 

function but our study design did not allow for addressing this issue. 

       

In conclusion, black compared to other African predialysis patients experience an increased 

traditional and non-traditional cardiovascular risk factor burden and more impaired arterial and 

diastolic function.  Once on dialysis, black African patients sustain less frequent cardiovascular 

event rates, which may represent a survival bias.  The atherosclerotic burden is smaller in 

black compared to other African CKD patients but the Framingham score is unreliable in iden-

tifying those with very high risk atherosclerosis, which is nevertheless present in ~30% of them.  

Cardiovascular risk factors that are independently associated with markers of diastolic function 

include impaired arterial function and diabetes in predialyis patients, NT-pro-BNP levels as a 



156 
 

 

marker of volume overload, and low haemoglobin concentrations in dialysis patients and post 

transplantation anaemia and persistent secondary hyperparathyroidism in kidney disease 

transplant recipients.  The optimal haemoglobin target in dialysis patients may be determined 

by its contrasting effects on aortic stiffness and pressure pulsatility.  These findings have im-

plications in our understanding of CVD risk and its management in CKD patients.          
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