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ABSTRACT 

End stage renal disease (ESRD) is associated with several physiological and metabolic changes 

which together cause poor health and impair patientsô quality of life. Anaemia is one of the 

most common metabolic consequences of renal failure and is highly prevalent among ESRD 

patients. Renal anaemia has a significant negative impact not only on patientsô health outcomes 

but also poses a heavy economic burden on the health system due to the high cost of treatment.  

Interactions between nutrition, anaemia status or/and response to anaemia therapies have been 

suggested. This programme of work aimed to investigate anaemia and nutritional status 

(including body composition) among haemodialysis (HD) patients and to study how nutrition 

status and body composition modify patientsô anaemia status and their response to the hormone 

erythropoietin (EPO). The first two sections of this project were cross-sectional studies 

conducted to characterise the health status of patients. Firstly, health outcomes were compared 

between the UK (n = 101) and Tanzanian (n = 96) HD patients after which a more in depth 

study was conducted in Tanzania only (n = 77). These are presented in chapter 2 and 3 

respectively. Both studies showed that Tanzanian HD patients had increased risk of low 

haemoglobin (Hb) levels, inadequate nutrition and inflammation. The findings showed that 

body fat and muscle mass were significantly and positively associated with Hb and EPO 

response. These investigations were then extended to the UK via recruitment and assessment 

of a cohort of UK adults HD patients on EPO treatment (n = 41). The UK study was conducted 

longitudinally and included additional markers of anaemia and nutritional status to further 

assess the relationship previously observed and in an attempt to uncover the mechanisms 

involved. The findings showed that longitudinally, body fat, significantly and positively 

influenced Hb concentration independent of EPO type and gender. Equally, there was a positive 

association between leptin hormone and Hb concentrations, suggesting a potential link and 

possible mechanism for the observed association between body fat and Hb levels. Finally, 
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building on this work, an exercise intervention of low intensity (walking + intradialytic 

resistance training) was adopted and conducted as a randomized controlled pilot and feasibility 

study. The aims were to investigate if such an intervention was feasible and acceptable to 

patients and staff and capable of inducing favourable changes in patientsô body composition 

(body fat and muscle), and if so, how any such changes would modify patients response to EPO 

and their Hb status. The eight week study was unable to achieve significant changes in body 

composition or iron markers. However, there was a slight improvement in exercise 

performance and lower body strength assessed through the sit to stand test.  To our knowledge, 

the low intensity exercise protocol used, combining walking + intradialytic resistance training, 

has not been previously tested in the dialysis setting and offers an acceptable intervention for 

further research.   

This programme of work has demonstrated that good nutrition helps improve the EPO response 

and Hb levels of HD patients. A flexible and low intensity exercise programme involving 

walking and intradialytic resistance training is feasible and practical in the presence of a 

physiotherapist. However eight weeks of low intensity exercise is not sufficient to induce 

changes in body composition or EPO response in HD patients but may help improve their 

physical functioning and so warrants further investigation as a more cost effective alternative 

to cycle-based interventions. 
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CHAPTER 1 

1. INTRODUCTION AND LITERATURE REVIEW  

1.1. General introduction and relevance of the thesis 

Chronic kidney disease (CKD) is the condition describing a gradual loss of kidney function or 

kidney damage over time (persisting for three or more months)1. The disease is asymptomatic 

in its early stages and often coexists with other conditions such as diabetes and hypertension 

which are also known to be common primary causes of CKD1,2. 

Several other metabolic complications such as protein energy malnutrition (PEM)3, metabolic 

acidosis4, anaemia4, mineral and bone disorders (MBD)5, inflammatory syndrome and 

cardiovascular diseases6 also evolve during the course of the disease process and tend to 

become more severe as the disease progresses to end stage renal disease (ESRD)7. At this end 

stage, the kidneys have a very limited function such that a renal replacement therapy such as 

dialysis or kidney transplant is required to sustain the individualôs life8. 

The disease prevalence is escalating both in developed and developing countries concomitantly 

with the increasing prevalence of diabetes and hypertension9. This poses a high economic 

burden due to the increased care demand and the range of treatments that ESRD patients require 

to survive10. The burden is particularly overwhelming in developing countries including those 

of sub-Saharan region due to limited treatment resources (expertise in renal care and finances), 

often leading to suboptimal care and increased mortality risk11. 

Management of ESRD requires a holistic approach within which nutritional management plays 

as important a role as renal replacement and pharmacological therapies. Whilst the discipline 

of nutrition and dietetics is widely developed and specialized in developed countries like the 

UK, this is not the case in developing countries of the sub-Saharan region. The region has 

limited nephrology services in general, and specifically few professionals working in renal 
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nutrition/dietetics. All patient care services including nutrition management are entrusted to a 

few nephrologists and specialized nurses who are often overwhelmed with work load, 

potentially compromising the quality of care delivered.   

Acknowledging the gap in the renal nutritional services in the region, the high risk of 

malnutrition and its association with poor treatment outcome, this thesis presents findings from 

research work conducted to investigate the nutritional status of ESRD patients on 

haemodialysis in one of the countries in the Sub-Saharan region (Tanzania) and identifies the 

areas of inadequacy and recommendations for improvements. Further research work involved 

comparing the nutritional status and other treatment outcome indicators of Tanzanian 

haemodialysis (HD) patients and those in one hospital in the South East UK in order to identify 

possible areas for action and examples of best practice which could be implemented in 

Tanzania. For example, it is not uncommon for haemodialysis patients to persistently exhibit 

low response to anaemia management therapies (Erythropoietin (EPO) hypo responsiveness) 

despite them being on an appropriate dosage. To try and explain this phenomenon, studies in 

dialysis patients including the initial stages of this research work have suggested a role for 

nutritional status, including body composition, on the response to anaemia management 

therapies12,13. As a result, the final study in this programme of work aimed to investigate these 

relationships in more detail via a prospective design and to investigate whether it is possible to 

improve body composition in dialysis patients through a low cost and low intensity exercise 

programme, which would be applicable to a developing country setting, and, if so, whether this 

can mediate the outcomes of anaemia management.  

The findings add to the body of knowledge on the role of nutrition and body composition in 

patientsô response to anaemia management therapies and help improve responses to the 

therapies specifically in low resource settings. This is particularly important considering the 
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negative implication of EPO hypo responsiveness to the patientsô overall health and high cost 

of both EPO and iron therapies.  

1.2. Overview of chronic kidney disease (CKD) 

1.2.1 Definition, sign, symptoms and diagnosis of CKD  

1.2.1.1. Definition of Chronic Kidney Disease (CKD) 

The kidneys play an important homeostatic role in regulating volume and solute concentration 

in the extracellular fluid; regulating electrolytes and minerals including sodium, potassium and 

calcium; regulating body pH; excretion of water soluble metabolic waste products through 

urine and production of the hormones erythropoietin (responsible for red blood cell synthesis) 

and renin (responsible for the control of sodium, water and blood pressure). The kidneys 

perform these roles through the functional units which are tubular in structure (nephrons) and 

abundantly available in each kidney (about 1 million). These nephrons are surrounded by a 

network of capillaries which supply blood to the Bowmans Capsule ready to be filtered through 

ultrafiltration process and then to return reabsorbed substances back to the circulation (see 

Figure 1:1). 

 

Figure 1:1:Cross-sectional diagram of the kidney and nephron showing glomerular filtration process 
  Source: Kidney Precision Medicine Project, KPMP 2018, an initiative of National Institute of Diabetes and Digestive and 

Kidney Diseases (NIDDK) 
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CKD normally occurs as a result of a disease or an injury to the glomerular or tubular structure 

within the nephron which causes a progressive deterioration of the kidneys until they can no 

longer maintain their homeostatic function.   

CKD is therefore defined according to the presence of kidney damage and the level of kidney 

function (i.e. glomerular filtration rate, GFR). The current criteria of kidney damage described 

in the 2012 Kidney Disease Initiative Global Outcome (KDIGO) guideline1, are presented in 

Table 1:1.  

Table 1:1: The new criteria for CKD (either of the following present for > 3 months) according to the 

2012 KDIGO guideline 

Markers of kidney damage  

(one or more) 

Albuminuria (AER 30mg/24 hours); ACR Ó 3 mg/mmol  

Urine sediment abnormalities 

Electrolyte and other abnormalities due to tubular disorders 

Abnormalities detected by histology 

Structural abnormalities detected by imaging 

Histology of kidney transplantation  

Decrease in GFR GFR < 60 ml/min/1.73m2  

AER, Albumin excretion rate; CKD, Chronic kidney disease; GFR, glomerular filtration rate; ACR, Albumin to 

creatinine ratio 

This updated definition criteria was endorsed by the NKF-K/DOQI US commentary in 

201414. 

1.2.1.2. Signs, Symptoms and Diagnosis of Chronic Kidney Disease 

Because CKD develops  over a long period of time, it is typically asymptomatic at its early 

stage and  as a result, often  referred to as a ósilent killerô15,16.  Nevertheless, the disease can be 

detected by routine laboratory measurements.  Early detection and treatment will often help 

prevent or delay adverse health outcomes. 

The ability of the kidney nephrons to perform their physiological role (see section 1.2.1.1) 

declines with disease progression and as a result a person may experience excess body fluid 

accumulation and is likely to show signs of oedema on limbs and/or stomach or even the face. 

They may also experience fatigue, nausea/vomiting, and may have a poor appetite and a 
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metallic taste in the mouth (uraemia) due to the build-up of uraemic toxins. They are also likely 

to experience itching sensations due to phosphate retention; and may feel confused15,17. 

Diagnosis of the disease is generally achieved by blood tests to estimate GFR and urine tests 

to measure the amount of albumin excreted by the kidneys16. As described earlier, lower GFR 

(< 60 ml/min/1.73m3), albuminuria (> 30mg/24 hours) and /or other evidence of structural 

abnormalities of the kidneys observed for Ó 3 months is diagnostic of CKD1 and differentiate 

it from acute kidney injury which is a rapid onset condition17. 

Further tests such as ultrasound or kidney biopsy may be performed to ascertain the underlying 

cause of the disease18. 

1.2.1.2.1. Blood and urine tests 

Because blood urea and creatinine are metabolic waste products  normally excreted and 

regulated by the kidneys, as the  kidney function declines,  these compounds will  not be 

effectively  excreted and subsequently accumulate in the blood19. Abnormally high values of 

urea and creatinine measured in the blood or urine therefore indicate the presence of the 

disease20. 

Kidney damage in CKD will often cause leakage of protein and red blood cells from the blood 

stream through the Bowmans Capsule and into the urine. A urine dipstick test that changes 

colour in the presence of albumin can be used to check for albuminuria. Alternatively, urine 

albumin-to-creatinine ratio (UACR) can be used, which is a test that measures and compares 

the relative amounts of albumin and creatinine in the urine sample.  

Urine Albumin (mg/dL) / Urine Creatinine (g/dL) = UACR in mg/g 

UACR estimates how much albumin would pass into the urine over 24 hours and a result of 

>30mg/g may signify the presence of kidney disease. In this case, the test will normally be 
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repeated once or twice to confirm the results. The level of protein in the urine will reflect the 

severity of the disease1,21. 

1.2.1.2.2. Clinical examination 

Hypertension and oedema are important clinical features of kidney disease. Hypertension can 

be both an aetiological factor and a consequence of CKD22 as discussed later (section 1.2.3.2). 

Persistent high blood pressure, particularly if it is uncontrolled, could be an indicative of kidney 

disease and such patients need to be repeatedly screened for kidney damage. Patients should 

particularly pay attention to headaches and visual disturbances as these usually occur when 

blood pressure rises23,24. Oedema (fluid retention and swelling) will be noticed particularly in 

the lower legs, feet and less often in the face and hands. This indicates the accumulation of 

fluid in the tissues and may indicate protein leakage from the kidneys. However, it should be 

noted that there are other causes of oedema that are not related to kidney disease,  e.g. 

malnutrition, liver disease and cancer, that may also cause fluid retention in the abdomen 

(ascites)25. Importantly, this accumulation of fluid will mask weight loss and so identifying and 

quantifying the extent of oedema is an important part of nutritional assessment. 

1.2.2 Estimation of glomerular filtration rate and disease stages 

1.2.2.1 Estimation of Glomerular filtration rate (eGFR) 

Since GFR cannot be easily measured in clinical practice it is normally estimated from 

prediction equations that take into account serum creatinine concentration, and other variables 

like: age, gender, race and body size depending on the equation used 26. GFR estimation 

equations are presented in table 1:2. 

The MDRD equation 27-29 has four variables (serum creatinine, age, race, sex) and was 

developed from the Modification of Diet in Renal Disease (MDRD) study. The equation has 

been widely used to estimate glomerular filtration rate of CKD patients in both clinics and 

epidemiological studies 30,31.   
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Table 1:2: Different equations for estimation of glomerular filtration rate: MDRD, CKD-EPI Cr, 

CKD-EPI Cy, as presented by KDIGO 20131 and Levey et al.27 

Gender Serum 

creatinine 

Serum 

Cystatin C 

GFR estimation equation  

MDRD study equation27 

    175 X SCr-1.154 X age-0.203 X 1.212 (if black) X 

0.742 (if female) 

CKD ï EPI  Creatinine equation1 

Female Ò 0.7 mg/dl  

(Ò 62ɛmol/l) 

 144 X (SCr/0.7)-0.329 X 0.993Age [ X 1.159 if 

black] 

Female > 0.7 mg/dl  

(> 62ɛmol/l 

 144 X (SCr/0.7)-1.209 X 0.993Age [ X 1.159 if 

black] 

Male Ò 0.9mg/dl 

 (Ò 80ɛmol/l) 

 144 X (SCr/0.9)-0.411 X 0.993Age [ X 1.159 if 

black] 

Male > 0.9mg/dl  

(> 80ɛmol/l) 

 144 X (SCr/0.7)-0.209 X 0.993Age [ X 1.159 if 

black] 

CKD-EPI Cystatin C equation1 
Female/Male  Ò 0.8mg/l 133 X  (SCysC/0.8)-0.499 X 0.996Age  [ X 0.932 

if female] 

Female/Male  > 0.8mg/l 133 X  (SCysC/0.8)-1.328 X 0.996Age  [ X 0.932 

if female] 
MDRD; Modification of diet in renal disease, CKD-EPI; Chronic kidney disease ï Epidemiological 

Collaborative equation; sCr, serum creatinine; SCysC; serum cysteine C 

The MDRD equation was recommended by the 2002 NKF-K/DOQI guidelines for the 

estimation of glomerular filtration in adults. However, since the MDRD equation was 

developed in people with CKD, it was suggested to be biased, and that it underestimates GFR 

at higher levels32. This led to development of a new GFR estimation equation, the 2009 CKD-

Epidemiological Collaboration (CKD-EPI) equation. Like the MDRD equation, the CKD-EPI 

also included age, race, sex and serum creatinine but it differs from MDRD equation by 

applying statistical linear spline on the serum creatinine to account for a weak association 

between creatinine and GFR at lower vs higher creatinine levels33.  

The KDIGO 2012 Clinical guideline1 therefore recommends using CKD-EPI instead of MDRD 

for the estimation of glomerular filtration. In addition, whenever cystatin C has been measured, 

the guideline recommends to include cysteine in the CKD-EPI equations34 to estimate GFR 

and use this as a confirmatory test, particularly in patients with eGFRCr of 45-59ml/min/1.73m2 

but with no markers of kidney damage.  The K/DOQI commentary group is in agreement with 

all the KDIGO recommendations on GFR estimation14. 
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1.2.2.2 Stages of chronic kidney disease (CKD) 

CKD is classified into different stages depicting the extent to which the kidneys have lost their 

function, as traditionally reflected by the GFR. The KDIGO 2012 guideline1 suggests the 

staging should also consider the cause of the disease (including the presence or absence of 

systemic disease and the location within the kidney) in addition to GFR level and albuminuria 

measures. However, addition of the ñcauseò in the CKD staging was challenged by the K/DOQI 

commentary14 because, whilst some specific causes can be related to faster CKD progression 

rate or other health outcomes, there are currently no accurate methods to quantify risk based 

on disease aetiology and therefore has the potential to limit understanding and clinical practice. 

The 2012 KDIGO clinical practice guidelines classified CKD into five stages based on the 

GFR and three stages based on albuminuria measures as presented in Table 1:3.  

Table 1:3: CKD stages based on Glomerular filtration rate and Albuminuria measures  

GFR based classification 

Stages GFR(ml/min/1.73m2) Description terms 

G1 Ó 90 Normal kidney function 

G2 60 ï 89 Mildly decreased kidney functionÀ 

G3a 45 ï 59 Mildly to moderately decreased kidney function 

G3b 30 ï 44 Moderately to severely decreased kidney function 

G4 15 ï 29 Severe decreased kidney function 

G5 < 15 End stage kidney failure 

Albuminuria categories 

Stages AER (mg/24 hours) ACR (mg/mmol) Description terms 

A1 < 30 < 3 Normal to mildly decreased kidney function 

A2 30 ï 300 3 ï 30 Moderately increased kidney functionÀ 

A3 > 300 > 30 Severely increased kidney function# 

GFR, glomerular filtration rate; AER, albumin excretion rate; ACR, albumin-to-creatinine ratio; Àrelative to 

adult level; #including nephrotic syndrome (albumin excretion usually > 2200mg/24 hrs [ACR > 220mg/mmol]) 

 

1.2.3 Aetiology of CKD 

The causes and risk factors for CKD are varied and their contribution to the disease aetiology 

varies across regions. While non-communicable diseases (NCDs) such as diabetes and 

hypertension remain the most common cause of CKD in developed and most developing 

countries2, in low-and middle income countries like sub-Saharan Africa, there are several 

additional potential etiological factors such as infectious diseases and toxic chemical 
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exposure35. Poor sanitation and environmental pollution due to unplanned infrastructure and 

overcrowding in rapid urbanisation in low income countries exacerbate the problem36,37. In 

rural areas, extreme poverty and agricultural based activities are also likely to expose people 

to other risk factors like water contamination, snake bites, heavy metals and agrochemicals2,35. 

The use of herbal medication has also contributed significantly to ESRD onset in developing 

countries35. Al l these may also interact with common urban factors such as NCDs to increase 

the risk of CKD in these regions38. The regional differences in the magnitude of CKD burden 

for the two major causes of ESRD, diabetes and hypertension, are presented in the following 

sections.  

1.2.3.1 Diabetic nephropathy  

Diabetic nephropathy (DN) is a significant global cause of CKD and ESRD, accounting for  30 

ï 50% of all CKD cases and affecting about 285 million (6.4%) adults worldwide39.  In the 

UK, 27% of  renal failure is caused by DN40. Its contribution is reported to be even higher in 

the United States (45%) and other developed countries like Hong Kong (50%), the Republic of 

Korea (48%), New Zealand (47%), Japan (44%), Canada (38%) and Australia (37%) but lower 

in other developed countries like France (23%), Belgium (22%), the Netherlands (19%), Italy 

(18%), Norway (18%) and Russia (16%)41. There is also trend towards a greater aetiological 

contribution of diabetes to ESRD development in the developing countries42 ranking first in 

Bangladesh43 and accounting for 24% of ESRD cases in South Africa41. 

DN is the syndrome characterized by the presence of proteinuria, diabetic glomerular lesions 

and loss of glomerular filtration rate (GFR) among people with diabetes. Initially, a patient will 

present with microalbuminuria (albuminuria persistently at 30 ï 299mg/24 hours), a stage 

called incipient nephropathy. If not treated, about 80% of patients with type 1 diabetes will 

have progressively increasing urine albumin excretion to a level of Ó 300mg/24 hours within 

10 ï 15 years, a condition called overt nephropathy. The GFR of patients with overt 
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nephropathy declines at a rate of 2 ï 20ml/minute/year and ESRD develops in 50% of them 

within 10 years and up to 75% over a 20 year period44. Patients with Type 2 diabetes, on the 

other hand, are more likely to be found with overt nephropathy at the same time that their 

diabetes is diagnosed45. Although historically DN in type 2 diabetic patients was considered a 

óbenignô condition as compared with in type 1 diabetes, it has subsequently been recognised 

that  type 2 diabetes is the most frequent cause of CKD, the clinical and public health 

significance of which will only increase as the  prevalence of Type 2 increases worldwide46. 

Also, with the development of type 2 diabetes at a younger age, sufferers are likely to  live 

longer with diabetes and therefore a higher proportion may develop DN and ESRD47. 

However, not all people with diabetes will develop DN and even so, the progression rate is 

modified by other risk factors like hypertension, glycaemic control, dyslipidaemia and 

smoking48,49.  In addition, genetic profile50, age and race have also been shown to influence the 

development of DN. People of Black and Hispanic ethnicity51, and patients with a family 

history of DN have a greater risk of developing the condition52.   

1.2.3.2 Hypertension (HT) 

Hypertension (HT) is identified as a sustained blood pressure higher than 140/90mmHg53,54. 

Normally, there are no signs or symptoms of hypertension and therefore patients may be 

unaware that they have the condition.  

HT is a leading cause of ESRD in countries like South Africa55 and  accounts for over a third 

of all cases in Pakistan (39.6%)43. It is the second leading cause of ESRD in the United States 

41 and the fourth (accounting for 7%  incident RRT cases in 2015) in the UK preceded by 

diabetes, glomerulonephritis and uncertain aetiology40.  

The relationship between CKD and hypertension is multidirectional, with raised blood pressure 

being both a cause and a consequence of CKD56.  When the arterial pressure is above 
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160mmHg or when the auto-regulatory mechanism is weakened as a result of conditions like 

renal disease, diabetes and high protein intake, capillary pressure will increase with the increase 

in BP. The effect of this increase in BP will extend to  the kidney vasculature causing  

mechanical stretch of the glomerular capillaries and mesangial cells, which will then induce a 

repair response through the actions of  fibrogenic cytokines and angiotensin II57. The repeated 

damage and repair of these tissues can result in glomerulosclerosis which can also be worsened 

by other factors like proteinuria as in the case of diabetic nephropathy58.   In a large health 

screening registry, individuals with baseline BP close to 180/100mmHg were about 15 times 

more likely to develop ESRD than individuals with baseline BP of 110/70mmHg59.  

1.2.4 CKD epidemiology and patientsô profile 

CKD has become a public health problem with rising global incidence and prevalence. The 

disease has nearly doubled as a cause of mortality and was reported to be the 18th highest cause 

of death worldwide in 201060. According to the Lancet series on CKD (2012)61, more than 10% 

of people aged 20 years and above are said to have any level of CKD worldwide and the 

prevalence is expected to increase even further as a result of the global increases in the 

prevalence of diabetes mellitus, hypertension, obesity, and aging2,9. However, the incidence 

and prevalence of ESRD differ substantially across countries and regions. More than 80% of 

all patients receiving treatment for ESRD are estimated to be in affluent countries like North 

America, Japan and Europe which have large elderly populations and universal access to health 

care62. 

Whilst lower rates  of CKD are reported in poor countries, particularly those in sub-Saharan 

Africa, this may be due in part to an absence of reliable and validated measures of kidney 

function35 and a lack of access to renal replacement therapy (RRT), impacting the accuracy of 

the figures reported63,64. In fact, it is estimated that, by 2020, the burden of diabetes and 

cardiovascular diseases will  have increased by 130% in Africa, with concomitant increases in 
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the incidence of CKD and ESRD.  Therefore by 2030 more than 70% of patients with ESRD 

will be residing in developing countries11. 

The demographic profile of people with CKD and ESRD also varies widely worldwide and 

between ethnic groups. In the USA,  CKD progresses to ESRD at younger ages in African 

American and Hispanic population compared to Caucasians (mean age 57 and 58 years vs 63 

years respectively)65. In the UK, mean age of HD patients in 2015 was 64.4 years40; contrasting 

with mean ages in India of 51 years66, China 50 years and Japan 62 years67. In Africa, the 

average age of patients on HD patients is lower compared to other parts of the world. Even in 

South Africa (the most developed country of Africa), the mean age of patients on renal 

replacement therapy in 2012 was 48.9 years68 potentially indicating that people progress to 

ESRD at a younger age or that older people have poorer access to dialysis.  

ESRD has both economic and socio-psychological effects on communities as patients are often 

chronically depressed, unemployed and in need of financial and social support11,69. Patients 

undergo significant lifestyle changes including dietary modification, continuous medication 

and attendance at the treatment facilities (often thrice weekly for haemodialysis patients) which 

bring a sense of losing freedom and losing control of oneôs own life70. Moreover, dialysis 

treatment may have an impact on body image causing patients to perceive themselves as 

unattractive due to procedures performed to create dialysis access points (e.g. fistula or neck 

line). This lowers patientsô self-esteem and may impact on their dressing style and social 

relations71.  

Such changes can cause anxiety and depression as patients struggle to cope and adjust and 

consequently their quality of life (QoL) may be diminished, with wider implications for the 

family and social relationships70,72,73. Unfortunately, depressed patients also have poor 

compliance to the treatment and therapies and consequently have worse survival74.  
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In countries where there is no national health service, renal replacement therapies required by 

ESRD patients confer an unaffordable financial load, the burden of which is proportionally 

greater in poorer countries75. Limitations of medical facilities, human resources and financial 

constraints result in patients only receiving partial treatment and rehabilitation, with the 

majority of patients who start dialysis discontinuing their therapy when financial resources run 

out within the first year, risking early mortality due to uremic complications10.  In situations 

where access to dialysis and transplantation services may be limited or unavailable, the final 

consequence of progressive CKD is always death.  

1.2.5 Management of patients with ESRD 

1.2.5.1 Renal replacement therapy (RRT) 

Renal replacement therapy is a life time treatment that patients with renal failure receive to 

sustain their lives. The treatment setting for people with ESRD varies considerably across the 

world, being influenced by factors such as disease severity and the health system of the 

region76. In the UK, whilst the majority of mild to moderate CKD cases might be managed in 

primary care settings, ESRD cases requiring RRT are usually managed in a secondary care 

setting77. 

There are currently three RRT choices available for ESRD patients in the UK (peritoneal 

dialysis, haemodialysis and transplantation) and patients are normally  given an opportunity to 

choose their preferred modality78. To optimize care, decisions regarding the choice of modality 

would usually be made by involving patients, families and the health care team, considering 

the risks and benefits of the therapy for the individual patient.  A final choice is conservative 

management where the patient would be medically managed to control their symptoms as long 

as possible without dialysis. 
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The 19th UK renal registry report79 shows that among the 941 per million population (pmp) 

patients receiving RRT in 2015, transplant was the most common RRT modality (501pmp), 

followed by HD (384pmp) with PD was the least prevalent (55pmp)(see figure 1:2). 

 

Figure 1:2: Proportion of ESRD patients receiving different treatment modalities in the UK in 201579:  
CAPD= Continuous Ambulatory Peritoneal Dialysis; APD= Automated Peritoneal Dialysis; HD=Haemodialysis 

 

This report shows that there has been an increase in the usage of HD and transplantation (1.3% 

and 4.8% respectively) between  2011 and 2015 but a fall in the proportion receiving  PD over 

the same period (-2.1% pmp)79. This PhD research project involved patients receiving 

haemodialysis treatment and so for this reason only HD therapy will be discussed in this 

introduction. 

1.2.5.1.1 Haemodialysis (HD) 

Haemodialysis (HD) is the process of filtering the blood to remove waste products and excess 

fluid which build up in the body when the kidney function is reduced. The HD machine gains 

access to the blood stream through a central venous catheter (CVCs) or arterio-venous fistulae. 

The dialysate fluid is then introduced into the dialyser to precipitate the removal of solute from 

the blood (figure 1:3)80. In the UK, HD can be provided through renal units located in the main 

hospital or at satellite units which are normally located nearer to patientsô homes. The NICE 

guideline encourages treatment to be performed by patients at their own homes if possible81.   
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Figure 1:3: Hemodialysis process. During hemodialysis, the anterior blood is pumped through a filter, called a 

dialyzer and the filtered blood (venous) return to the body. 
                              Source:  NIH-NIDDK 82 and web resources 

HD machines are expensive and need to be operated by highly trained nurses or technicians 

rendering this form of therapy expensive. The treatment is also time consuming as the patient 

usually spends four hours connected to the machine for three days every week. Considering 

the additional time spent by patients travelling to and from their dialysis unit three times a 

week, the treatment can be daunting and have a major impact on their quality of life83. 

To reduce this burden, home dialysis is an alternative option for some patients who are stable, 

have a conducive environment and have appropriate support at their homes84. However, in 

reality home HD accounts for a small (7.9%) proportion of all patients receiving RRT in the 

UK compared to those receiving dialysis in centres (39.0%)79. As well as a high patient, staff 

and financial burden, HD is also associated with numerous complications, particularly during 
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the HD initiation period. These are most commonly related to vascular access (e.g. poor flow, 

infection on the access site)  and hypotensive disorders85. 

1.3 Metabolic dysregulation in chronic kidney disease (CKD) and end stage 

renal disease (ESRD) 

The reduced ability to excrete nitrogenous metabolic waste by the failed kidney, leads to an 

accumulation of potentially toxic metabolites in the serum, such as urea, p-cresol and creatinine 

(collectively called uraemic toxins in a condition called uraemia)86. Uraemia is known to play 

a role in the pathogenesis of the disorders of CKD and other functional changes including 

protein energy wasting (PEW) and metabolic acidosis. Kidney failure will also cause poor 

mineral and electrolytes homeostasis, fluid accumulation, reduced production of hormones 

such as 1, 25-dihydroxyvitamin D3, renin, and EPO. For this reason ESRD patients are at 

increased risk of developing anaemia and EPO resistance87,88, vascular calcification89, vitamin 

D deficiency and skeletal muscle dysfunction with a reduction in exercise tolerance90,91. 

Uraemia has also been linked with inflammation, oxidative stress conditions and 

cardiovascular diseases6,92. Complications of CKD notably affect all organ systems and are 

linked with a decline in health related quality of life (HRQoL) and increased mortality. This 

thesis focuses on the interplay between protein energy malnutrition/wasting, inflammation and 

anaemia in ESRD. 

1.3.1 Malnutrition and inflammation in end stage renal disease (ESRD)  

ESRD is accompanied by adverse changes in nutrition and body composition particularly 

among dialysis patients3,93. Similarly, inflammation is also a common feature in ESRD 

attributed to accumulation of toxic metabolites94,95 and other dialysis related factors96,97. 

1.3.1.1 Protein energy wasting (PEW) as a consequence of undernutrition 

Uraemic syndrome causes a decline in appetite (due to taste alterations and nausea)98-100, 

impaired food utilization and assimilation101, and consequently a progressive decline in dietary 
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intake101,102. Uraemia has also been shown to affect the composition of a patientôs gut 

microbiome and so may interfere with the absorption of nutrients such as fatty acids86. With 

prolonged dietary inadequacy the bodyôs production and sensitivity to insulin is also likely to 

decline with a subsequent  increase in glycogenesis and fatty acid mobilization103,104. If 

persistent, this will cause a loss of visceral protein, decreased plasma protein synthesis 

(hypoalbuminemia) and increased liver fat infiltration due to lipolysis105. Figure 1:4 

summarizes the aetiology of PEW in CKD.  

Undernutrition is not the only aetiological factor for PEW in ESRD patients. Increased resting 

energy expenditure (REE) attributed to the dialysis itself, comorbidities and persistent 

inflammation106 could also contribute in the pathogenesis of PEW in this patient group. Indeed 

PEW was observed to be more prevalent among dialysis patients within the highest tertile as 

compared to the lower tertile of REE107.   

 

Figure 1:4: A conceptual model for aetiology of Protein energy wasting (PEW) in CKD and direct clinical 

implications. 

Source:  Carrero et al.(2013)108  

1.3.1.2 Metabolic acidosis and Protein energy wasting 

Metabolic acidosis is another metabolic change which occurs with CKD progression and it is 

characterized by an increase in the body concentration of hydrogen ion with a concomitant 
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reduction in blood bicarbonate (HCO3). The condition is recognised to play a significant role  

in the acceleration of protein catabolism, causing negative nitrogen balance and muscle loss109; 

and a reduction in protein synthesis109-111. Patients with renal failure are prone to metabolic 

acidosis due to the reduced ability to excrete excess hydrogen ions into the urine and to reabsorb 

bicarbonate ions4. Haemodialysis patients are particularly at risk if they have inadequate 

bicarbonate in the dialysate or inadequate dialysis, gastrointestinal loss of bicarbonate or high 

protein intakes112,113. The type of diets consumed by patients also have a significant impact on 

the onset of metabolic acidosis as metabolism of high protein foods results in production of 

acids whereas fruits and vegetables provide alkali4. High intradialytic weight gain in this 

patient groups has also been associated with an increased risk of developing metabolic 

acidosis114.  

Metabolic acidosis is a predictor of CKD progression (independent of baseline estimated GFR, 

demographic, socioeconomic and other clinical factors)115 and mortality116. 

Analysis of data from the DaVita database which involved prevalent ESRD patients treated 

with PD and HD117, showed a 15 ï 35% in increase in the risk of mortality for patients with 

bicarbonate levels < 22mEq/L whereas analysis of data from the DOPPS study (involving a 

randomly selected sample of HD patients from France, UK, Japan, Germany, Italy, Spain and 

USA)118 showed an increase of up to 48% in mortality risk among patients with pre-dialysis 

serum bicarbonate < 18mEq/L or Ó 27mEq/L (analysed in a midweek session). Subsequently, 

the same DOPPS study found the best patient survival was associated with bicarbonate levels 

in the range 18 ï 21 mEq/L. 

Correction of metabolic acidosis (through supplementation with oral sodium bicarbonate) was 

found to restore albumin status and concentration of essential amino acids111  and improve 

muscle strength in patients with mild metabolic acidosis119. 
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1.3.1.3 Inflammation and PEW 

 Inflammation has also been linked with PEW through a reduction of appetite120 and  a reduced 

synthesis and half-life of albumin107 and  is associated with increased insulin resistance, an 

increase in muscle loss121,122, and increased energy expenditure123. 

Recognising the multiple nutritional and metabolic alterations that occur with the progression 

of CKD, the International Society of Renal Nutrition and Metabolism (ISRNM)108, have 

presented their consensus on the aetiology of PEW as shown in figure 1:4. It also highlights 

the consequences of PEW including the increased risk of infectious disease, cardiovascular and 

frailty among patients. 

In summary, as illustrated by the ISRNM108, PEW is the consequence of multiple mechanisms 

inherent to CKD, including undernutrition, systemic inflammation, comorbidities, hormonal 

derangements, the dialysis procedure, and other disorders of uremic toxicity. Whilst PEW may 

increase patientsô risk of infection, CVD, frailty, and depression, these complications may also 

increase the extent of PEW. 

1.3.1.4 Assessment of PEW in ESRD 

Serum albumin along with prealbumin are the common and convenient markers of protein 

energy malnutrition for both research studies124,125 and clinical practice. However, the use of 

serum albumin levels as a marker of nutritional status among dialysis patients has long been 

questioned due to the marker being also an acute phase reactant which is downregulated in 

response to systemic inflammation126,127. Although albumin synthesis decreases with dietary 

protein intake in nephrotic patients128, conditions such as hepatic and inflammatory disorders 

also cause albumin breakdown and a decline in its synthesis129. Moreover, the association 

between hypoalbuminemia and high rate of mortality among ESRD patients was found to be 

dependent on systemic inflammation130. For this reason, the UKRA131 considers a low serum 

albumin to be a strong predictor of increased mortality and morbidity rather than an indication 
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of nutritional status. However, no single marker can be adequately used to diagnose PEW and 

comprehensive examination requires multiple complementary measurements132. Serum 

albumin therefore continues to serve as a potential screening tool for malnutrition that helps to 

highlight individuals requiring further investigation, using additional measures of body 

composition133. The European Best Practice Guideline(EBPG)134 and K/DOQI135 recommend 

the serum albumin levels be kept above 40g/l and prealbumin level above 0.3g/l.  

Other methods recommended by the UKRA131 to be used in assessing undernutrition include: 

Actual Body Weight (ABW) (< 85% of Ideal Body Weight (IBW)), reduction in oedema free 

body weight (of 5% or more in 3 months or 10% or more in 6 months), Body Mass Index (BMI) 

(<20kg/m2) and Subjective Global Assessment (SGA) (B/C on 3 point scale or 1-5 on 7 point 

scale). SGA is a screening tool that helps identify individuals at risk for malnutrition based on 

the physical, clinical examination and changes in dietary intake136. 

The EBPG134 and K/DOQI135 also highlighted a number of tools, that in addition to serum 

albumin, they can also  be used in the diagnosis of malnutrition. These include: dietary 

assessment, anthropometry, normalized protein nitrogen appearance (nPNA), serum 

prealbumin, cholesterol and techniques of body composition analysis such as bio impedance, 

dual X-ray absorptiometry and near-infrared reactance.   

1.3.1.5 Management of PEW in ESRD 

Because of the possible multiple causes of PEW in ESRD, efficient management of the 

condition will also involve multiple approaches that reflect its aetiology. 

Adequate diet plays an important role in ensuring optimal nutrient supply and minimizing the 

risk of malnutrition in this group of patients. Protein restriction (Ò 0.6 g/kg/d) has been used as 

a means of disease management before the development of haemodialysis, and was reported to 

be beneficial in controlling metabolic disarrangement including metabolic acidosis137, CKD-
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MBD138, attenuating insulin resistance, reducing oxidative stress139 and even assisting in 

delaying the progression of kidney failure in those with moderate renal insufficiency140-143. For 

this reason, it was suggested that protein intakes of 0.6g/kg/d can adequately meet the 

nutritional requirement of non-dialysis patients144 but  the UKRA recommends a protein intake 

of at least 0.75g/kg of ideal body weight per day for patients with CKD stage 4-5 not on 

dialysis. If a lower protein diet (<0.6g/kg/d) is desirable to prevent uraemia, evidence shows 

that it is important that adequate energy (30ï35 kcal/kg/day) intake is ensured to prevent 

PEW145,146. 

However, the MDRD study, which is the largest RCT investigating the role of protein intake 

in disease progression, returned controversial findings when it failed to show an advantage of 

a low protein diet139,143.  Further analysis of MDRD data actually showed a link between protein 

restriction and poor indices of nutritional status147. A very low protein diet (0.28 g/kg/d) was 

also found to increase mortality risk among ESRD patients, even when supplemented with a 

mixture of essential keto acids and amino acids (0.28 g/kg/d)148.  Moreover, the problems of 

uraemic anorexia and the impaired gastrointestinal absorption and utilization of ingested 

protein which occur with disease advancement are of concern when considering the utility of 

a low protein diet in this population149.  

Compared to renal patients who are not yet on dialysis, dietary protein requirement of patients 

on maintenance dialysis is high due to the increased protein catabolism and nutrients lost with 

the treatment, which aggravates PEW146. Both the UKRA131 and NKF K ù DOQI135 clinical 

practice guidelines therefore recommend protein intakes of not less than 1.2g protein ù kg ù day 

for stable dialysis patients with at least half of that being of high biological value (i.e. from 

animal sources). EBPG guidelines suggested that a slightly lower threshold of 1.1g/kg/d would 

still be sufficient150. With regards to energy intake,  NKF-K/DOQI135 and UKRA131 

recommend intakes of 30ï35 kcal/kg/day for all patients depending upon age and physical 
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activity. A wider recommended range (30 - 40 kcal/kg/day) was proposed by EBPG 

guidelines150. 

Other notable strategies are those that help to control uraemia such as increasing dialysis 

adequacy by either dialysing for longer or more frequently151. Renal units will measure the urea 

reduction ratio (URR) (with the aim of achieving >65% reduction between pre and post dialysis 

urea measurements) and Kt/V, a measure of dialyser clearance of urea relative to total body 

water (>1.2) to asses dialysis adequacy. 

1.3.2 Anaemia in end stage renal disease 

1.3.2.1 Mechanism of anaemia development in ESRD 

Pathogenesis of anaemia in CKD patients is multifactorial, however insufficient production of 

erythropoietin (EPO) hormone from the failing kidneys is reported to be the most important 

factor87. This is because the hormone is required to promote the process of red blood cell 

production known as erythropoiesis. Erythropoiesis is a complex processes that involves 

proliferation and maturation of erythroid-lineage committed cells (erythroid burst and colony 

forming units) into morphologically distinct erythroid precursors (the bone marrow (BM) 

erythroblasts) that undergo progressive differentiation and nucleation up to the stage of 

reticulocytes and mature red cells152-154. 

Apart from EPO, iron is also required in erythropoiesis, particularly in the differentiation stage 

i.e. in the early steps of erythroid differentiation to produce cytochromes and enzymes and 

during terminal differentiation where globin and haem synthesis are coordinated to produce 

haemoglobin 155,156. Iron deficiency is therefore another factor in the aetiology of anaemia in 

CKD patients. Figure 1:5 provides a schematic presentation of renal anaemia pathogenesis157.  

Anaemia prevalence increases with disease progression, affecting 17.4% and 53.4% of stage 3 

and 5 patients respectively within a USA cohort (2007 ï 2010)158. 
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The UK renal registry also showed lower prevalence of anaemia among stage 3 CKD patients 

(14.3% F, 20.4%M) than in stage 5 CKD (61.2%F, 81.5%M) patients159.  

 

Figure 1:5: Schematic presentation of mechanisms underlying development of renal anaemia. Black and grey 

arrows represent normal physiology (black for iron and grey for regulatory processes). Coloured arrows 

represents the effects of CKD (blue for activation, red for inhibition effects). Iron and EPO are crucial in red 

blood cell production in bone marrow. Iron availability (dietary iron and microphages iron from senescent red 

blood cell) is controlled by the hepcidin hormone from the liver (iron is downregulated by the increase of the 

hormone). Hepcidin level is controlled by several feedback loops including the level of iron and EPO. In ESRD 

patients, hepcidin level is highly elevated presumably due to reduced renal clearance and inflammation, causing 

iron-restricted erythropoiesis. CKD also inhibits EPO production by the kidney; may also cause uremic induced 

inhibition of erythropoiesis; shortened red blood cell life span and increased blood loss.  
 Source: Babitt and Lin, (2012)157.  

 

Anaemia has been linked with increased risk of cardiovascular disease, reduced tolerance to 

exercise, cognitive impairment, reduced quality of life (tiredness, lethargy, and reduced 

appetite), increased hospitalization rate and increased mortality160. 

1.3.2.2 Iron deficiency in CKD 

There are multiple reasons for iron deficiency in patients with CKD and ESRD. Insufficient 

intake of iron rich food due to poor appetite (secondary to uraemia) and stringent dietary 

restriction (e.g. reduced red meat reduces haem iron intake, reduced fruit and vegetable reduces 

vitamin C intake which can reduce non-haem iron absorption), may exacerbate iron deficiency 

in these patients161.  
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Uraemia and inflammation are therefore also thought to be contributory factors in the aetiology 

of iron deficiency anaemia in CKD patients162,163. The uptake of iron by intestinal epithelial 

cells and iron recycling from macrophages is facilitated by a membrane transporter called 

Ferroportin164. This membrane transporter tends to be bound and degraded (downregulated) by 

hepcidin hormone, resulting in reduced iron absorption by the intestine and iron accumulation 

within the reticuloendothelial system164-166. Hepcidin hormone is normally regulated according 

to the level of circulatory and iron stores by a negative feedback loop. Iron availability increases 

hepcidin expression, thus limiting further iron absorption, while iron deficiency and hypoxia 

inhibit hepcidin expression thus increasing iron availability167-169. However, hepcidin 

expression is also found to be induced by inflammation, suggested to be bodyôs defence 

mechanism to fight infection and cancer hence limiting iron availability169,170. 

Another factor that might contribute to iron deficiency in ESRD patients is the recurrent blood 

loss associated with the dialysis therapy. Patients are estimated to lose approximately 1-3g of 

iron per year due to retention of blood in dialysis lines and clotted dialyzers, frequent blood 

draws, and a higher propensity toward gastrointestinal bleeding171. Inadequate dialysis can also 

cause low clearance and hence greater accumulation of uraemic toxins, production of pro-

inflammatory cytokines and consequently impaired erythropoiesis172,173. 

1.3.2.3 Assessment and diagnosis of anaemia in CKD 

The UKRA clinical practice guideline on anaemia of CKD174 and NICE175 suggest that 

haemoglobin (Hb) be routinely measured (at least twice a year for non-dialysis and every 4 

weeks depending on Hb concentration or/its rate of change for dialysis patients) to screen for 

anaemia. Hb levels less than 110g/l warrant further investigation to derive a correct diagnosis 

and management plan. The 2006 KDOQI176 guidelines have grouped the Hb thresholds 

according to gender, i.e. Hb concentration <135 g/l for adult males and <120 g/L for adult 

females indicates further diagnostic tests should be performed. This recommendation is 
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endorsed by the European Renal Best Practice (ERBP) working group177 although they 

considered age and reduced the male cut off value to Hb <132 g/L for men >70 years. The new 

2012 KDIGO guidelines have similar recommendations for the Hb threshold in females but 

slightly lower for males (<130g/L).178 

Other evaluation tests, in addition to Hb concentration, include: full blood counts, serum 

ferritin to assess iron stores, absolute reticulocyte count and tests to determine iron status (% 

hypochromic red blood cells (%HRC), reticulocyte Hb (CHr) and % Transferrin saturation 

(%TSAT).  UKRA179 defines óiron repleteô as adult patients having %HRC < 6%, CHr > 

29pg/cell, ferritin > 100ɛg/l and %TSAT >20%. Low ferritin (<100ɛg/l) is an indication of 

iron deficiency anaemia, nevertheless, normal or high ferritin (Ó100ɛg/l) should not be deemed 

to conclusively indicate a patient is  iron replete without investigation as the marker could be 

raised as a result of infection or inflammation.  

1.3.2.4 Treatment and management therapies for anaemia in ESRD 

1.3.2.4.1 Erythropoietin (EPO) therapy 

Because insufficient EPO production from the failing kidneys has been found to be the main 

cause of anaemia in CKD patients87, the use of recombinant human erythropoietin (rHuEPO) 

has been central to treatment. The use of EPO have also helped to manage anaemia, reducing 

the need for blood transfusions and improving patientsô quality of life. UKRA174 and 

K/DIGO177 both recommend treatment with EPO for all patients with anaemia of CKD who 

are likely to benefit in terms of quality of life and physical function. 

The K/DIGO177 guidelines also suggest that all CKD stage 5 patients start the therapy when 

Hb levels are between 90 ï 100g/l in order to prevent their Hb concentration falling below 

90g/l. However, the two guidelines recommend such therapy to only be initiated once other 

possible causes of anaemia e.g. iron deficiency and inflammation have been ruled out or 
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corrected. The decision on the choice of EPO is normally based on efficacy, safety, cost and 

its local availability. 

The dose is individualized depending on the patients Hb concentration, target level, the 

observed rate of increase in Hb, body weight and clinical circumstances. Frequency of 

administration is based on the disease stage, treatment setting, efficacy, patientôs tolerance and 

preference and the type of EPO used. For HD patients EPO can be administered either 

intravenously or subcutaneously with an initial dose of shortïacting EPO given thrice weekly 

for maximal efficacy180. The starting dose is often 20 to 50 IU per kilogram body weight 3 

times a week followed by a weekly maintenance dose of 3 x 20 IU/kg if the increase in Hb is 

inadequate178. In England, prescription follows the recommendation of The British National 

Formulary (BNF) and NICE guidelines which direct that, for adult HD patients, an initial dose 

of Epoietin-Alfa (Eprex®) equal to 50 units/kg is given 3 times weekly. The dose is normally 

adjusted according to response in increments of 25 units/kg, 3 times weekly at intervals of at 

least 4 weeks. For maintenance, usually a total of 75ï300 units/kg weekly (as a single dose or 

in divided doses) is advised.  

The initial dose of EPO normally prescribed in Tanzania is 4000 IU, 3 times a week3.The 

frequency is normally decreased to twice a week when Hb concentration rise to 110-120g/l and 

once a week when Hb is 120- 130g/l. EPO is stopped when Hb level reach 130g/l.    

1.3.2.4.2 Iron therapies 

Because of the need for iron for erythropoiesis152,154, iron therapy is also paramount for anaemia 

management170. Iron can be administered via the oral, intramuscular or intravenous (IV) route. 

Studies on the effect of oral (Ferrous sulphate) versus IV iron (Iron sucrose) administration in 

raising haematological indices (Hb, Ferritin and TSAT levels) in pre-dialysis patients give 

mixed results. Whilst the two routes were reported to be equally effective in a report from the 
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REVOKE study authored by Agarwal et al181, the FIND-CKD trial182,  a longer, multicentre 

trial involving a larger sample size, found that  IV iron (Ferric carboxymaltose) surpassed the 

oral iron (Ferrous sulphate) in the achievement of treatment targets and delaying/reducing the 

need for other anaemia management including EPO. It is worth noting that these two trials used 

different IV iron formulations and that the audit by Hofman et al.183 suggested an increased 

effectiveness of Ferric carboxymaltose compared to iron sucrose. Furthermore, the dosage of 

oral iron was lower in FIND-CKD trial (100mg twice a day) compared to REVOKE trial 

(325mg three times a day) which may contribute to the differences seen.   

On the other hand, for dialysis patients (both PD and HD), there is strong evidence supporting 

the efficiency of IV iron supplementation over oral iron in achieving Hb targets, maintaining 

iron stores and reducing EPO doses184-186 possibly due to poor intestinal absorption of oral iron 

caused by increased circulating hepcidin (see  section 1.3.2.1). Patients treated with IV iron 

were also found to have significantly higher levels of Hb (mean difference 9.0 g/l), TSAT, and 

ferritin as compared to those supplemented with oral iron187. In addition to raised Hb levels185, 

EPO dose was also found to be reduced with IV iron.  For this reason, IV is the first line 

therapeutic option for correcting iron deficiency in HD patients.  

However, there have been concerns regarding the use of IV iron, in particular, high doses of 

IV iron have been linked with an increase in the risk of infection, oxidative stress, vascular 

calcification and atherothrombosis188,189. Contrasting results were produced by the recent 

multicentre randomised study ñthe Proactive IV Iron Therapy in Haemodialysis patients 

(PIVOTAL)ò190 trial that assessed the efficiency and safety of high-dose (400mg of iron 

sucrose/month) compared to low-dose IV iron (0 ï 400 mg iron sucrose/month) administration 

among HD patients. In this study, the high-dose regimen was superior in lowering EPO dose 

to the low-dose regimen. Moreover, the risk of death or major nonfatal cardiovascular events  

was lower in the high-dose group than in the low-dose group.  The rate of hospitalization for 
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any cause and for infection were not different between the two treatment groups. However, the 

thrombosis affecting vascular access was more common in high-dose (24.0%) compared to 

low-dose (20.8%) IV iron recipients. The findings from this add to the evidence base and will 

help inform developments in CKD-anaemia treatment guidelines in order to optimise treatment 

outcome. 

Currently a the treatment follows standard guidelines where-by patients are normally started 

with the initial (corrective) IV iron dose, commonly prescribed as 500 - 1000mg given as a 

single or divided doses depending on the preparations. This dose is then followed by 

maintenance dose of 50 ï 100mg weekly or fortnightly depending on the ferritin level175,178,191.  

In the UK, the BNF (February 2016, section 9.1.1.2) outlines four options for parenteral iron 

preparations. These are: Iron dextran (CosmoFer®), Iron sucrose (Venofer®), Ferric 

carboxymaltose (Ferinject®) and Iron isomaltoside 1000 (Monofer®).   

UKRA guidelines179, and similarly the ERBP in their position statement in the 2012 KDIGO 

guideline177, recommend that adult patients on EPO management therapies maintain their Hb 

concentration between 100 and 120g/l and that dose review and adjustment be made when the 

Hb is < 105 or >115g/l and/or ferritin is > 500ɛg/l. The 2012 KDIGO178 clinical practice 

guideline for anaemia in CKD suggests the same lower threshold (100g/l) but recommends a 

slightly lower upper cut off, specifically that there should be a treatment review when the Hb 

is >110g/l. The recommended target for iron storage (ferritin) is 200 ï 500 ng/ml and for TSAT 

Ó 20% and IV iron dosage should be reviewed when ferritin reaches 500ng/ml and discontinued 

when it is Ó800ng/ml, unless the Hb is below the desirable level. This guideline was endorsed 

by the KDOQI192.  

Tanzanian clinics use Hb levels (< 110g/l) as an indication for iron prescription (100mg of Iron 

sucrose (Venofer®) for 5 to 8 consecutive HD sessions) to achieve a desirable level of Hb 

(>110g/l). The same dose is normally repeatedly prescribed when a patientôs Hb level declines 
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below 110g/l or fails to reach their Hb target while ruling out other causes of low Hb including 

helminthic infestations and bacterial infections which are common in these patients. However, 

the attainment of the optimal dose also depends on financial ability of the patient as patients 

are required to pay for their prescriptionsa.  

1.3.2.5 Erythropoietin (EPO) hormone hypo responsiveness in ESRD 

Despite EPO being an important therapy in the management of anaemia of CKD about 5-10% 

of patients exhibit an inadequate response to the therapy193. These patients fail to achieve or 

maintain the target Hb levels despite the correct dose of EPO194. EPO resistance has been 

associated with poor clinical outcomes, increased cardiovascular morbidity, disease 

progression and all-cause mortality195,196. Iron deficiency (absolute iron deficiency) and/or 

insufficient iron bioavailability (functional iron deficiency) is named as the  major limiting 

factor for the effectiveness of EPO in HD patients, due to ironôs involvement in erythropoiesis 

as described in section 1.3.2.1 155,156.   

Inflammation is also acknowledged to contribute to poor response to EPO therapy. Pro-

inflammatory cytokines like interferon-gamma (IFN-ɔ), tumour necrosis factor alpha (TNF-Ŭ), 

interleukin 1 (IL-1) and inter-leukin 6 (IL-6) can induce resistance of erythroid progenitor cell 

to EPO or promote increase of hepcidin, hence impairing the release of stored iron into the 

reticuloendothelial system 197,198.  

Studies have also indicated that malnutrition might contribute to poor EPO responsiveness 199; 

200, possibly due to the association between malnutrition and inflammation201, with stringent 

dietary restrictions also reducing iron availability for erythropoiesis hence EPO 

hyporesponsiveness.  

                                                           
a Personal communication with Dr. Pascal Ruggajo (Nephrologist and Lecturer at Muhimbili University of 

Health and Allied Health in Tanzania) on 21st February 2016 
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Another factor suggested to influence EPO responsiveness is secondary hyperparathyroidism. 

This may be due to its inhibitory effect on early erythroid precursors and its negative effect on 

bone marrow cellularity and it has been linked with the development of bone marrow fibrosis 

202. Intervention to suppress PTH has been shown to improve anaemia in CKD patients 203,204. 

High levels of alkaline phosphatase have also been associated with CKD anaemia and EPO 

hypo-responsiveness 205,206. 

Inadequate dialysis may also impair EPO response due to accumulation of uremic toxins which 

can further inhibit production of EPO and erythropoesis. Gaweda et al.207 indeed found an 

association between Kt/V, as a measure of dialysis adequacy, and erythropoietin response. 

1.4 The interplay between nutrition status, body composition, inflammation 

and anaemia in ESRD 

The multifactorial pathogenesis of malnutrition in ESRD is discussed in section 1.3.1.1 where 

the involvement of uremic toxicity, poor dietary intake, increased energy requirement, 

hormonal derangement and disturbances in protein and energy metabolism were suggested.  

As previously explained, protein energy malnutrition/wasting and inflammation are both 

common conditions affecting ESRD patients. Furthermore, the two conditions are closely 

related as inflammatory responses can significantly increase the risk of malnutrition. In the 

inflammatory state, energy requirement tends to increase due to the increased resting energy 

expenditure (REE)208. Inflammation is also known to reduce albumin by impairing synthesis 

and reducing its half-life thus contributing to muscle loss. 209-211 and this can occur independent 

of inadequate nutrition 212.  Several studies have indeed shown muscle protein loss with 

increases in circulatory IL-6 213. It is also suggested that pro-inflammatory cytokines can act 

on the central nervous system to decrease appetite214 contributing to poor nutrition.  

Similarly, over nutrition (resulting in obesity), despite being shown to increase the survival 

advantage of HD patients215, may have detrimental effects dependent on the pattern of regional 
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fat deposition and subsequent metabolic implications. Abdominal fat increases the expression 

of pro-inflammatory cytokines and observational studies have linked it with inflammation in 

CKD patients 216,217 

It not uncommon for the two conditions to occur simultaneously in dialysis patients, a condition 

called Malnutrition-Inflammation complex syndrome (MICS)218 and in fact many features that 

indicate the presence of PEW (e.g. hypoalbuminemia) can also be induced by the presence of 

inflammation219. 

1.4.1 Nutritional status (including body composition) and anaemia in ESRD 

Nutrition (with or without inflammation) has a significant role to play in patientsô overall 

quality of life and treatment outcomes, including the anaemia status of ESRD patients.  

As already noted, ESRD patients face enormous dietary restrictions that limit intakes of fruits 

and vegetables, potentially causing low consumption of important micronutrients like vitamin 

C which promotes iron absorption. Dietary iron intake is also limited among these patients as 

they are continuously restricted to control their dietary sodium, potassium, phosphorus, dietary 

fat and cholesterol220. Moreover, uraemic patients have reduced appetite and researchers have 

reported this to be associated with lower haemoglobin levels and increased EPO requirement 

221. 

Body composition has increasingly been reported to play a role in iron status and erythropoietin 

hormone (EPO) response, whereby increased body weight and even obesity (BMI > 30kg/m2) 

have been found to be protective among dialysis patients. do Sameiro-Faria et al.12 observed 

greater resistance to EPO among underweight patients (BMI <20 kg/m2), presenting with 

functional iron deficiency and a high degree of inflammation compared to those with BMI Ó 

20 kg/m2. The same study found a decrease in adiponectin and EPO doses and an increase in 

transferrin and lymphocyte counts with an increase in BMI even at Ó 30kg/m2 BMI level and 
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showed that BMI, along with albumin and soluble transferrin receptor (sTfR), were 

independent predictors of the EPO dose required to achieve target haemoglobin levels. Kotanko 

et al.13 found a significantly higher weekly dose of EPO among African-American HD patients 

with lower tertiles of subcutaneous adipose tissues (SAT) and total adipose tissue (TAT) and, 

in females only, for those with lower tertiles of muscle mass (MM). They hypothesized that 

this could be a reflection of low uremic toxin load and large urea distribution volume in larger 

patients. This is because larger dialysis patients have smaller relative mass of high metabolic 

rate organs (HMRO) (and thus waste product producing) per unit of weight or BMI, such that 

their large muscle and fat volume act as a large distribution volume. Guinsburg et al.222 also 

found erythropoietin response index (ERI), (weekly weight adjusted dose of EPO (U/kg/week) 

divided by haemoglobin concentration (g/dL)), which is an index of EPO resistance, to be 

inversely correlated with both lean tissue index (LTI, lean tissue mass/ height2) and fat tissue 

index (FTI, fat tissue mass/ height2) even after controlling for other variables known to relate 

to ERI. This author concluded that the observed protective effect might be a reflection of better 

nutritional status or in patients with high FTI, it may reflect a reduced distribution volume of 

haemoglobin due to lower percentage of water in fat tissues. However, it is also possible for 

the association observed to be a mathematical artefact since body weight makes up the 

denominator for ERI calculation, therefore it is not surprising for ERI to be negatively 

correlated with fat mass (a component of total body weight). This calls for more investigation 

to ascertain how body composition actually influences EPO response.   

The protective effect of high BMI and fat is believed to be a result of leptin hormone as this 

hormone increases with an increase in BMI223 and fat mass in ESRD patients 224. In vitro studies 

have shown that leptin can induce proliferation, differentiation and activation of 

haematopoietic cells225. This was also demonstrated in human studies including those of renal 

patients whereby leptin was suggested to help stimulate erythropoiesis226,227 and to be 
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predictive of EPO sensitivity228 . Moreover, leptin was found to be positively associated with 

haemoglobin levels in ESRD patients229. However, a contradictory association was found in 

the in vitro study by Ching et al.,230 which showed an increase in hepcidin expression in the 

hepatoma cells incubated with leptin, suggesting that leptin could have negative effect on iron 

metabolism. The contradictory observation may suggest that the erythropoietic role of leptin 

may be dependent on other factors such as availability of iron.  

1.4.2 The role of iron in muscle metabolism and function 

The previous sections have highlighted the role of iron in red blood cell (RBC) production 

and specifically its role as an  essential part of haemoglobin (a protein in RBC) which confers 

the oxygen carrying and transportation potential155,156.   

However, in addition to RBC production, iron forms an essential part of myoglobin. Myoglobin 

is the heme containing protein group that is developed in red muscle in response to 

mitochondrial demand for oxygen231. It binds to oxygen and transports it from RBC to the 

mitochondrial organelles of the muscle cell. Unlike haemoglobin that supplies oxygen to all 

parts of the body, myoglobin is active within muscle groups only and therefore helps to 

maintain oxygen supply to muscles during periods of oxygen deprivation232.   

Because of these broad applications of iron, mineral deficiency in this population group is 

therefore linked with not only the onset of anaemia and its related consequences like fatigue, 

and reduced exercise endurance but is also associated with other adverse effects like cardiac 

dysfunction233 and restless legs syndrome234 which are suggested to be consequences of 

insufficient generation of cellular energy and oxygen shortage in myogloblin in the heart and 

skeletal muscles235. 
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1.5 Interventions for improving nutritional status and body composition in 

end stage renal disease 

Multiple approaches are potentially effective in preserving muscle and preventing malnutrition. 

Providing adequate dialysis therapy is among the strategies suggested as this will hopefully 

reduce uremic toxin accumulation and hence mitigate the effect of uraemic toxicity. Studies on 

haemodialysis have shown an increase in protein intake as dialysis dose (measured as Kt/V) 

increased 236 a relationship that remains at least until a desirable Kt/V is achieved237,238. Hakim 

et al.239also found a significant improvement in nutritional indices (i.e. serum albumin and 

protein creatinine ration (PCR)) among Hd patients whose Kt/V increased to above 1.21 

compared to those whose Kt/V was below 0.86. 

As previously discussed (see section 1.3.1), metabolic acidosis and inflammation play a 

significant role in the development of muscle wasting. Correction of metabolic acidosis is 

therefore also found to help manage PEW and studies have shown improvements in nutritional 

status with oral bicarbonate supplementation240. Efforts made to minimize and treat uremic 

inflammation, such as through dialysis prescription, e.g. short dialysis241 or 

hemodiafiltration242 compared to conventional HD, have the potential to counteract the 

inflammation induced PEW.  These may remove the requirement for overly restrictive diets in 

maintenance dialysis patients leading to improved nutritional status. 

Controlling the  metabolic disorders which occur alongside  ESRD, such as diabetes mellitus, 

is also important in preserving muscle mass.243 Nutritional supplementation through the 

gastrointestinal route and even the parenteral route during dialysis (for patients who cannot 

tolerate oral or enteral administration) have been shown to improve the nutritional status of 

patients with overt PEW.244Anabolic steroids stimulate muscle protein synthesis by inducing 

mRNA expression of androgen receptors in the skeletal muscles and increasing the intracellular 

pool of amino acids from protein degradation.245,246 Improvement in indices of nutritional status 
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was indeed seen among haemodialysis patients intervened with nandrolone decanoate which is 

an androgen and anabolic steroid medication247.  

Studies have shown that physical activity amongst dialysis patients may be very limited 248,249 

and this has been recognised to increase the risk of muscle wasting as a consequence of ñmuscle 

disuseò250,251. Exercise interventions, particularly resistance training, have the potential to 

tackle this and have been shown to promote muscle growth, muscle mass and even to increase 

muscle strength252,253. Furthermore, intradialytic exercise is thought to counter-act muscle 

protein catabolism254. The topic of exercise intervention in dialysis patients is further explained 

in section 1.5.1. 

1.5.1 Exercise intervention in end stage renal disease   

ESRD patients particularly, those on maintenance dialysis, have poor physical functioning and 

low levels of activity and this has been shown to compromise their quality of life and survival 

255-258. NKF-K/DOQI259 has therefore recommended that dialysis patients be ñcounselled and 

regularly encouraged to increase their level of physical activitiesò.  

Different exercise modalities have been studied to date in particular those conducted during 

dialysis sessions (intradialytic) or between two dialysis sessions (inter dialytic)260,261 and these 

have indeed been shown to be beneficial not only for the physical performance262 of dialysis 

patients but also for their overall quality of life263. Intradialytic exercises, in particular aerobic 

exercises, have been shown to improve blood circulation in the body and through the dialysis 

circuit hence improving dialysis clearance264, vascular health265, heart rate variability266 and 

inflammation status267.  

The benefits of exercise (resistance training) also extend to improving body 

composition251,268,269. In one study269, 79 HD patients participated in lower extremity resistance 

exercise intradialytic training using ankle weight for twelve weeks three times a week. 
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However, in addition to exercise, these patients were also supplemented with an anabolic 

steroid (nandrolone decanoate) and the effects on muscles were only observed when these 

interventions were combined.  Kopple et al.268, on the other hand, showed the beneficial effect 

of exercise alone. In their study, an increase in lean body mass, muscle mRNA and muscle 

IGF-1 protein were observed among HD patients randomized to intradialytic 

strength/resistance training when compared to those who did not exercise. Muscle benefits of 

exercise was also reported in another intra-dialytic exercise programme by  Kirkman et al.251 

in which 23 HD and 9 non-HD patients were randomized to progressive resistance exercise 

training (PRET), consisting of thrice-weekly high-intensity leg press exercises (three sets of 

eight to ten repetitions at 80% of their predicted one-repetition maximum i.e. the maximum 

weight that can be lifted one time with proper technique), vs. control (sham) therapy, consisting 

of low-intensity lower body stretching activities using ultra-light resistance bands for 12 weeks. 

After this intervention period, the PRET group showed a significant increase in thigh muscle 

volume and knee extensor strength for both HD and non-HD patients.  

The haematological benefit of an exercise intervention was also proposed in a study by 

Reboredo Mde et al.270 . In this study, a statistically significant improvement in the Hb 

concentration of patients with ESRD was observed following 12 weeks of 30 minutes of 

intradialytic aerobic exercise on a cycle ergometer performed three times a week. The author 

suggested this increase in Hb might be a result of an increase in the Kt/V that was also evident 

after intervention period. 

The in-centre exercise programmes (intradialytic and inter dialytic), although widely utilized 

in studies, do come with challenges, most often organisational and cost issues related to the 

required equipment and personnel. The additional visits to the clinics (for inter dialytic 

exercises programme) would be expected to be a barrier to patientsô acceptability and 

compliance to the programmes.  Researchers have therefore also attempted to investigate the 
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benefits and acceptability of easy to implement home exercise programmes for dialysis 

patients. Among the documented home based exercise programmes is that by Manfredini et 

al271 which is a simple, personalized, low-intensity, home-based walking programme (20 

minutes walking at low to moderate speed every second day). This programme was tested in a 

6 months multicentre, randomized clinical trial (EXCITE study) and was found to improve 

physical performance and quality of life compared to a control group.  

Nevertheless, how the exercise training should be performed (intradialytic or inter dialytic, 

daily or other frequency, in which settings, for what duration and at what intensity) is still open 

to debate and there are currently no standard exercise recommendations for this patient group. 

In a randomized control trial by Orcy et al.253 an exercise intervention approach that combined 

resistance and aerobic exercise proved to be better in improving functional performance than 

either of the exercise modalities alone. Based on this literature, in the last stage of this research 

project, we proposed and tested a combined resistance and aerobic exercise programme, 

specifically utilizing a simple and flexible home based aerobic exercise (walking) as opposed 

to the conventional ergonomic bikes that are expensive and practically more difficult to 

arrange.  

1.6 Introduction summary and thesis rationale 

Anaemia is highly prevalent among ESRD patients, primarily owing to the inability of the 

failed kidney to produce erythropoietin hormone compounded by impaired iron metabolism. 

In addition, there are numerous other factors that contribute to the onset and prognosis of renal 

anaemia, such as dialysis indequacy, inflammation and nutritional status (including the more 

recently reported impact of body composition). The situation is particularly of concern for 

those on haemodialysis due to the increased risk of blood loss in the dialysis circuit.  
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To treat the condition, patients are on continuous anaemia management therapies which include 

iron supplementation and injectable erythropoietin hormone.  Nevertheless, there is a notably 

high rate of hypo responsiveness as patients fail to reach their haemoglobin targets despite EPO 

treatment. This is also the case for haemodialysis patients in Tanzania where clinical reports 

have persistently indicated low haemoglobin levels amongst patients, with implications for 

their quality of life and survival. 

Factors that have been identified to modify responsiveness to EPO treatment (mentioned 

earlier) are not likely to uniformly affect all patients across the globe or between developed 

and developing regions as their significance could be mediated in part by socio-economic 

factors including the availability of resources (finance and expertise).  

In particular we do not know what specific factors are contributing to the situation among 

Tanzanian patients as there are no published reports on this subject. This project therefore 

investigated the association between marker of iron status and the suggested contributory 

factors for renal anaemia with a focus on nutritional factors (including body composition), in 

order to make recommendations for potential interventions to improve anaemia management 

among this patient group. Currently, renal nutrition services are limited in Tanzania. We 

anticipate that this work will help raise awareness of the significant role of nutrition in patients 

care whilst also providing practical strategies to optimise their management.  

The final stage of this project investigated the feasibility of a low intensity intradialytic 

resistance exercise combined with a home based flexible walking programme. It investigated 

whether such a programme is beneficial in improving body composition and ultimately 

haemoglobin levels of HD patients.  

If patients are supported to maintain optimal nutritional status and improve their response to 

anaemia treatments, this confers long term benefits for patients and the health care system in 
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general. There is potential to optimise patientsô treatment, reduce the quantity of anaemia 

therapies required to reach clinical targets, reduce hospitalization rate and improve their quality 

of life. This will in turn help to reduce the burden to the health care system by reducing  the 

costs associated with treatment and hospitalization.  

1.7 Aims of the thesis 

i. To investigate and characterize the nutritional status and other treatment outcomes of 

adult HD patients in Tanzania and that of UK and make comparison between the two 

settings and with recommended standards. 

ii.  To study the association between markers of anaemia, nutritional status and  

inflammation among HD patients on erythropoietin maintenance therapy.  

iii. To test the acceptability of a low intensity exercise intervention (combining aerobic and 

anaerobic exercise) and assess its impact on different components of body composition, 

dialysis adequacy and inflammatory status and patientsô response to EPO among 

haemodialysis patients on erythropoietin maintenance therapy.  

1.8 Project Hypothesis 

We hypothesized that patients with better nutritional status (in particular higher muscle mass) 

would have a better response to anaemia treatment as illustrated by greater attainment of 

desirable Hb levels among HD patients. 

We also hypothesized that low impact exercise combining walking and resistance training 

would  help improve physical functioning, increase muscle mass and facilitate better responses 

to anaemia treatment among HD patients. 
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CHAPTER 2 

2 A CROSS-SECTIONAL STUDY OF NUTRITIONAL 

STATUS AND BIOCHEMISTRY PROFILE OF 

TANZANIAN VERSUS UK HAEMODIALYSIS PATIENTS  

2.1 Introduction  and rationale of the study 

Chronic Kidney Disease (CKD) prevalence is escalating both in developed and developing 

countries and is increasingly recognised as a global health problem. A meta-analysis by Hill et 

al272 found a global general CKD (stage 1-5) prevalence of 13.4% and for stage 3-5 of 10.6%. 

The author also showed regional prevalence of CKD and table 2:1 presents data for CKD stage 

3-5. CKD epidemiological data for developing countries is still scarce and of limited quality 

and there is limited access to health care services in these region. The available prevalence data 

might well be underestimated.  

Table 2:1: Results from a meta-analysis showing the proportion of people with CKD (3-5) in different 

countries selected as regional representatives.  

Region #Number of participants ÀPrevalence % (C.I)  

S. Africa, Senegal, Congo 1202 7.60 (6.10, 9.10) 

India, Bangladesh 12,752 6.76 (3.68, 9.85) 

Iran 20,867 11.68 (4.5, 18.84) 

China, Taiwan, Mongolia 62,062 10.06 (6.63, 13.49) 

Japan, S.Korea, Oceania 298,00 11.73 (5.36, 18.10) 

Australia 896,941 8.14 (4.48, 11.79) 

USA and Canada 1,319,003 14.44 (8.52, 20.36) 

Europe 2,169,183 11,86 (9.93, 13.79) 

Adapted from a study by Hill et al.272 ; 
#
Number of people included in the analysis from named countries; 

À
Percentage (Confidence interval) of those found with CKD (3 - 5) 

Nevertheless, another meta-analysis by Kaze et al.273 showed the overall prevalence of CKD 

in Africa to be 15.8% (4.6% for stage 3-5). In this study, the author found regional differences 

in overall CKD prevalence where-by Western Africa had the greatest disease burden (19.8%), 

followed by central Africa (16.0%), Eastern (14.4%), Southern (10.4%) and the lowest 

prevalence was in Northern Africa (6.1%).  The CKD prevalence in the Eastern Africa region, 
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where Tanzania is located, seems to hold a significant position in both, the global and African 

context. Indeed, the available studies in Tanzania indicate the CKD prevalence in the country 

ranges from 7%38 to 13.6%274. 

CKD represents a significant clinical and public health challenge and this is of concern 

particularly in Tanzania and other developing countries due to limited health facilities for 

dialysis and transplant technologies and the high cost associated with the treatment75. The 

country has only eight haemodialysis units and 10 nephrologists with a general population of 

approximately 50 million people. The treatments are costly: the cost for one dialysis session in 

Tanzania is about 179 US dollars. This means a person undergoing the recommended three 

times weekly HD sessions needs around 537 US dollars for the dialysis alone per week, 

excluding other related cost such as transport and medications. According to the Tanzanian 

Employment and Earning Survey of 2013, the average monthly wages were $147.79 and 

$340.67 for employees from private and public sectors respectively98,275. The high relative cost 

of treatment and therapies is likely to cause the majority of patients who start dialysis to 

discontinue the therapy or to experience inadequate therapy, so increasing the risk for early 

mortality due to uremic complications, comorbidities and malnutrition10. 

2.1.1 Nutrition in management of dialysis patients 

Malnutrition including muscle wasting is a common problem and of concern particularly 

among patients on dialysis3,93 owing to metabolic changes associated with uremic syndrome 

98,100,221, dietary restriction and protein losses on treatment276. The pathophysiology of PEW is 

described in section 1.3.1.  Malnutrition has been associated with poor treatment outcomes and 

increased mortality among ESRD and HD patients130,277. For this reason, it is of paramount 

importance for nutritional management to be provided in conjunction with dialysis for optimal 

treatment outcomes and to maximise patientsô quality of life. Dialysis patients need to have 

adequate energy (30 ï 40Kcal/ kg/day) and protein (at least 1.2g/kg/day) intake, 131,135 and a 
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balanced intake of fruits and vegetable to supply them with important nutrients, minerals and 

dietary fibre whilst avoiding excess potassium. Optimal dietary practices and nutritional 

interventions have been found to improve the nutritional status278, uremic symptoms279, bone 

health 280 and haematological status 281,282 of HD patients.   

Nevertheless, the need to limit dietary phosphate and potassium is likely to compromise the 

food intake of these patients, increasing the risk of nutritional inadequacy283. Expert input from 

renal nutrition professionals/dietitians is therefore highly desirable to help patients meet their 

nutritional needs whilst maintaining their blood biochemistry within acceptable ranges.  

Based on practical experience there has been a consensus that there should be approximately 1 

registered renal dietitian per 100 maintenance dialysis patients, and that the ratio should not 

exceed 1:150284. A patient would expect to have a consultation with a dietitian in the pre-

dialysis (low clearance) period and immediately after starting dialysis, with frequent follow 

ups to assess the adequacy of the diet and ensure adequate nutrition. This does not happen in 

Tanzania. Currently there is no renal trained dietitian/nutritionist and few 

nephrologists/physicians, with those that are employed on the units already overburdened with 

other clinical roles and unlikely to have the time or expertise to provide comprehensive dietary 

advice and monitoring to HD patients. Although there are no nutritional data specific for renal 

patients, the undernutrition prevalence reported among young children (14%), adolescents 

(18%) and women of reproductive age (10%) in the country, as presented by USAID285 might 

give us an indication of what the situation is likely to be for those with renal disease.    

It is unfortunate that Tanzania, like many other African countries, lacks national registries to 

record the incidence, prevalence and general care and treatment outcomes of patients with renal 

failure. Such information is crucial not only for the evaluation of care practices and health 

outcomes of patients, but also for planning intervention programmes to improve patient care.  



43 
 

Set against this socio-economic and clinical background, this cross-sectional study observed 

the nutritional status and biochemical profile among adults with CKD and on HD in selected 

renal units in Tanzania and compared these, firstly with recommended standards and secondly 

with the  practices in a renal unit in the south of England.  

Table 2:2 represents the recommended standards for some of the study parameters taken from 

different available clinical practice guidelines. These were used as reference standards for 

comparison with the observed values from the study. 

Table 2:2: Recommended levels of the biochemical parameters in renal patients on haemodialysis and 

their reference sources  

Parameter 

(pre dialysis serum) 

Recommended  

Value/ranges 

Guideline sourced  

Albumin (g/l) 40286 EBPG on Nutrition: Guideline 2.1(F) 

Adj calcium (mmol/l) 2.2 ï 2.5174 UKRA,CKD-MBD Guideline 2.2 

Sodium (mmo/l) 135 - 145287 NKF, Hyponatremia - web resources 

Phosphate (mmol/l) 1.1 ï 1.7174 UKRA, Clinical guideline on 

Haemodialysis: Guideline 6.5 

Potassium (mmol/l) 4.0 ï 6.0174 UKRA, Clinical guideline on 

Haemodialysis: Guideline 6.4 

Haemoglobin(g/l) 100 -120174 UKRA, Clinical guideline on 

Haemodialysis: Guideline 6.8 

EBPG = European Best Practice Guidelines on Haemodialysis; UKRA = U.K Renal association; CKD-MBD = Chronic 

Kidney Disease-Mineral bone disorders 

 

2.2 Aim and objectives 

2.2.1 Aim 

To characterise the nutritional status and biochemical profile of Tanzanian adults with CKD 

treated with haemodialysis and to compare these with recommended standards and with data 

from HD patients treated in the South of England. 
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2.2.2 Specific Objectives 

i. To develop a data collection proforma which incorporates the most relevant nutritional 

and biochemical parameters and indices of dialysis adequacy as well as demographic 

data. 

ii.  To obtain permission from clinical leads at renal centres and relevant research 

committees in Tanzania and UK to conduct the study  

iii.  To extract data on care, nutritional indices and health outcomes from retrospective 

records of HD patients in two selected renal units in Tanzania and records from satellite 

HD patients in a renal unit in the South of England.  

iv. To analyse and compare nutritional indices and treatment outcomes to recommended 

standards.  

v. To compare nutritional indices and measures of treatment outcome between patients 

managed in Tanzania and in the UK. 

2.3 Study design and methodology 

This study utilised data that were retrospectively extracted from patientsô clinical records at 

three time points, across three clinical settings in two countries. In the UK, this study was 

classified as an audit since no new data were collected apart from those in clinic records and 

for this reason, ethical approval was not required. In contrast, the Tanzanian clinic classified 

the study a research and therefore, the study went through the local ethics review process.  

2.3.1 Ethical considerations 

The study protocol was submitted to the clinics involved for review and approval. The study 

received approval from both Tanzanian clinics and the UK (See appendix 2 and 3 for Tz ethics 

certificate and UK approval letter respectively).  For confidentiality, clinical ID numbers or 

file numbers (for Tz) were used instead of names for patientsô identification.  
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2.3.2 Participants and recruitment strategy 

The study involved patients who had been receiving HD for at least six months in two dialysis 

clinics in Tanzania (Access and Muhimbili) and eight satellite units associated with one renal 

unit in the South of England (Queen Alexandra hospital) (assumed to be representative of UK 

HD management).  

For Tanzania (Tz), all patients that were receiving HD at the Access (n=45) and Muhimbili 

(n=51) renal units at the time of study were eligible for inclusion into the study.  

At the point of the study, 506 patients were receiving HD across the eight different satellite 

units of Queen Alexandra Hospital. A list of all satellite patients was obtained and every 5th 

patient in the list was selected to make up a desired sample size of 100 (comparable with the 

Tanzanian sample size). The total study sample were therefore 197 HD patients, chosen on the 

basis of time and resources. However, availability of data varied across different parameters, 

hence a total sample below 197 was returned for most parameters, with the Tz sample 

consistently having more missing data for the parameters investigated. 

2.3.3 Data collection 

Biochemical results were extracted for three consecutive months (over the preceding six month 

period) and were recorded from individual files retrieved from hospital databases. The 

proforma included the following biochemistry values that measure kidney function and 

treatment outcome: pre and post-dialysis serum creatinine and urea; pre-dialysis albumin, C-

reactive protein (C-RP), parathyroid hormone (PTH), bicarbonate, adjusted calcium, sodium, 

potassium, phosphate, haemoglobin (Hb). As standard procedure (to minimize confounding 

effect of patientsô hydration status) for both clinics, blood samples for monthly tests were 

drawn and analysed on the mid dialysis day of the week (i.e Wednesdays for those dialysing 

Monday, Wednesday and Friday;  and Thursdays for those dialysing Tuesday ,Thursday and 
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Saturday). Body mass index (BMI) was also recorded as a measure of nutritional status. 

Demographic data included age, sex, date of starting dialysis, eGFR and dialysis hours per 

week. The proforma used is presented in Appendix 4. 

2.3.4 Data management and analysis  

Data were entered into an Excel sheet at the point of collection and transferred to IBM ® SPSS 

version 22 for analysis.  

Data were assessed for normality and descriptive statistics were performed. Data were then 

presented as percentages, means (SD) or medians (25th, 75th percentile) as appropriate. As data 

were not normally distributed, Friedmanôs test was used to investigate differences in 

parameters across three time points and Mann Whitney U test for the differences between two 

settings at each time point. Chi-squared analysis was performed to assess the association 

between categorical variables, for example HD setting (Tz vs UK) and achievement of 

recommendations (above recommendations/ meeting recommendations/ below 

recommendations) for each of the parameters at measurement time point 3.  

Non-parametric data were transformed using the two-step transformation method described by 

Templeton288 to allow application of parametric statistics. The ñmixed between-within subjectò 

ANOVA also called split-plot ANOVA (SPANOVA) was then performed to study the 

combined effect of time and HD settings. SPANOVA was also used to study the effect of HD 

setting and gender on each parameter at measurement time point 3. 

Level of significance was set at pÒ0.05 in all analyses.  

2.4 Results 

2.4.1 Demographic characteristics 

The study involved 197 patients (TZ, n = 96 and UK, n = 101). Male patients outnumbered 

female in both settings as seen in Figure 2:1. More than 60% of all patients were male.  
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                                         Figure 2:1: Distribution of study participants according to gender in the two HD settings 

The age of UK patients ranged from 26 to 89 years with a median (25th, 75th percentile) of 68 

(57, 78) years. There was no significant age difference between female participants (median 

(25th, 75th percentiles) = 68 (60, 78) years) or male (median (25th, 75th percentiles) = 68 (55, 

78) years), p = 0.7.  Unfortunately, the ages of Tz participants was not routinely recorded and 

so no cross-country age comparison could be made. At the time of this study all Tz participants 

were reported to be receiving a standard of 12 hours of dialysis per week whilst haemodialysis 

hours for UK participants ranged from 8 to 13 hours per week with a median (25th, 75th 

percentile) of 12 (12, 12).  

2.4.2 Comparison of biochemical parameters of Tanzanian and UK HD patients 

with recommended standards  

In this study, only eight parameters were available for direct comparison between UK and Tz 

counterparts. These were serum creatinine, urea, albumin, calcium, sodium, potassium, 

phosphate and iron, all of which were recorded at three time points. There are no recommended 

standards for serum creatinine or urea as these are measured and routinely monitored pre- and 

post-dialysis as a marker of dialysis clearance rather than for making comparisons with 

standards. 

2.4.2.1 Gender effect on studied biochemical parameters 

Descriptive statistics showed that the gender imbalance occurred irrespective of setting 

(figure 2:2). Split-plot ANOVA (SPANOVA) was then conducted to study if there was any 
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gender effect on each of the studies parameter across the three time points on a sample 

combining both UK and TZ patients. Results showed that there was no gender effect for any 

of the parameters except for serum creatinine and urea. Males had significantly higher urea 

and creatinine levels (figure 2:2(a) and (b) respectively). This was independent of time point. 

 

Figure 2:2: Split-plot ANOVA analysis results showing the effect of gender (male, n = 123; female, n = 74) 

across three time point measurements (month 1, month 2, month 3) on mean pre-dialysis (a) Urea, (b) 

Creatinine, (c) Albumin and (d) Phosphate levels. Two settings (Tz and UK) combined; The dotted lines show 

the recommended ranges for parameters according to the UK Renal Association guideline and European Best 

Practice Guideline on Nutrition; Error bar represent 95% Confidence Interval  

 

  

 

(d) Phosphate (c) Albumin 

(a) Urea 

                 
(b) Creatinine 
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Figure 2:3: Split-plot ANOVA analysis results showing the effect of gender (male, n = 123; female, n = 74) 

across three time point measurements (month 1, month 2 and month 3) on mean pre-dialysis (a) Sodium, (b) 

Calcium, (c) Potassium and (d) Haemoglobin levels; Two settings (Tz and UK) combined; The dotted lines are 

the recommended ranges for parameters according to the UK Renal Association guideline and European Best 

Practice Guideline on Nutrition; Error bars represent 95% Confidence interval. 

2.4.3 The summary of biochemical parameter values at three time points and 

their comparison with recommended standards 

The median scores for most parameters, except for albumin and haemoglobin concentrations, 

were found to be within the recommended levels at all three measurement time points (table 

2:3). Haemoglobin concentration were significantly below the safe level for Tz HD patients at 

all three time points where as albumin levels were significantly lower than the required level 

for participants in both settings at all three time points (table 2:3).  
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Table 2:3: A summary of pre-dialysis biochemistry measures for U.K and Tz HD patients at three time points (month 1, month 2 and month 3) 

  Tanzania U.K   

Time 

point 

Parameter n median 25th , 75th  

percentile 

N median 25th , 75th  

Percentile 

Recommended 

range/value 

Source 

Mth 

1 

Creatinine (mmol/l) 78 797.1 578.0, 1078.3 98 664.0 500.2, 804.5 N.A  

Urea (mmol/l) 76 17.8 13.3, 22.3 98 16.4 12.3, 20.7 N.A  

Albumin (g/l) 59 39.0** 35.3, 41.9 98 32.5***  29.2, 35.3 40 EBPG on Nutrition286 

Adj calcium (mmol/l) 72 2.2 2.1, 2.4 97 2.3 2.2, 2.4 2.2 ï 2.5 UKRA, CKD-MBD guideline174 

Sodium (mmo/l) 78 135.0 132, 139 98 137 135, 139 135 ï 145 NKF, Hyponatremia, web resources287 

Phosphate (mmol/l) 74 1.4 1, 1.8 98 1.5 12, 1.7 1.1 ï 1.7 UKRA, Clinical guideline on HD114 

Potassium (mmol/l) 76 5.2 4.5, 6.0 97 4.9 4.4, 5.4 4.0 ï 6.0 UKRA, Clinical guideline on HD114 

Haemoglobin(g/l) 78 82.0***  75.7, 106.0 98 113.0 103, 121.3 100 - 120 UKRA, Clinical guideline on HD114 

BMI (kg/m2) N.A   101 26.2 23.1, 30.4 Ó 23 EBPG on Nutrition286 

C-RP (mg/l) N.A   83 8 4, 27 < 5 NKF-KDOQI289 

Mth 

2 

Creatinine (mmol/l) 82 893.5 626.5, 1108.1 98 631.0 512.0, 794.3   

Urea (mmol/l) 81 18.5 13.3, 24.5 98 16.8 13.6, 20.1   

Albumin (g/l) 64 38.0***  33.0, 40.8 98 32.5***  29.0, 35.3   

Adj calcium (mmol/l) 75 2.1 2.0, 2.3 97 2.3 2.2, 2.5   

Sodium (mmo/l) 81 137.0 134.0, 139.0 98 136.0 134.0, 139.0   

Phosphate (mmol/l) 78 1.5 1.0, 2 98 1.5 1.2, 1.8   

Potassium (mmol/l) 80 5.2 4.5, 5.6 98 4.8 4.2, 5.3   

Haemoglobin(g/l) 87 81.2***  68.0, 101.0 98 111.0 104.8, 120.3   

BMI (kg/m2) N.A   101 26 23, 30.5   

C-RP (mg/l) N.A   90 11.5 4, 20.3   

Mth 

3 

Creatinine (mmol/l) 87 860.0 637.0, 1201.0 98 662.5 526.8, 788.3   

Urea (mmol/l) 83 17.5 12.3, 24.6 98 16.6 13.6, 20.1   

Albumin (g/l) 67 37.0** 35.0, 41.0 98 33.0***  29.0, 35.3   

Adj calcium (mmol/l) 79 2.2 2.0, 2.3 97 2.3 2.2, 2.5   

Sodium (mmo/l) 84 136.0 133.0, 139.0 98 136.5 135.0, 139.0   

Phosphate (mmol/l) 77 1.4 0.9, 1.9 98 1.5 1.2, 2   

Potassium (mmol/l) 83 4.7 4.1, 5.5 98 4.8 4.2, 5.2   

Haemoglobin(g/l) 92 81.1***  69.9, 101.0 98 111.0 104.8, 121.0   

 BMI (kg/m2) N.A   101 23 23, 30.2   

 C-RP (mg/l) N.A   95 9 4, 21   
***significance difference between patients score and recommended value, P < 0.001,**significance at P < 0.01. One sample Wilcoxon signed rank test; N.A, data or value not available; 

EBPG = European Best Practice Guidelines on Haemodialysis; UKRA = U.K Renal association; CKD-MBD = Chronic Kidney Disease-Mineral bone disorders; NKF, National Kidney  
Foundation; HD, Haemodialysis; KDOQI = Kidney Disease Outcome Quality Initiative 
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2.4.4 The combined effect of time and HD settings ï The mixed between and 

within analysis  

The split-plot ANOVA (SPANOVA) was conducted to study the combined effect of HD setting 

(Tz Vs UK) and time (at three time points) on the biochemical parameters. Results showed that 

there was a small but significant difference in urea and creatinine levels between the two HD 

settings, specifically that Tz HD patients presented with higher levels of urea and creatinine 

than their U.K counterparts (figure 2:6(a & b)).  

 

Figure 2:4: The combined effect of measurement time and HD setting for mean (a) urea and (b) creatinine 

levels according to SPANOVA analysis. Error bars represent confidence intervals 

There was no time or time-setting interaction effect on urea level but on creatinine a significant 

time effect was observed. The levels increased from time point 1 to time point 3. 

There was also a significant effect of HD setting on albumin (figure 2:7(a)) and potassium 

(figure 2:7(c)) levels, Tz HD patients had higher levels compared to UK patients.  There was 

no effect of time nor a time-setting interaction effect on albumin levels but a significant time 

effect on potassium (F (2,165) = 9.16, p=<0.001, partial Ẽ2 =0.10) the levels decreased from 

time point 1 to 3. There was also a significant time-setting interaction effect F (2,165) = 4.5, 

p=<0.001, partial Ẽ2 =0.012) on potassium. 

(b) Creatinine 
                                                                                                                                   

 

(a) Urea 
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There was no significant effect of HD setting on phosphate (figure 2:7(b)) or sodium (figure 

2:7(d)) levels. No time or time-setting interaction effects on phosphate levels were observed. 

Figure 2:5: The combined effect of measurement time and HD setting for mean (a) Albumin, (b) Phosphate, (c) 

Potassium and (d) Sodium levels according to SPANOVA analysis. Error bars represent confidence intervals 

 

However, a significant effect of time was seen although the direction of this effect was unclear 

(F (2,164) =4 .83, p=0.009, partial Ẽ2 =0.06). There was also a significant time-setting 

interaction effect (F (2,164) = 6.43, p=0.002, partial Ẽ2 =0.07). 

 

(a) Albumin  

 

(c) Potassium  
           

(b) Phosphate  

(d) Sodium 

     Recommended range 
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Figure 2:6: The combined effect of measurement time and HD setting for mean (a) Calcium, (b) Haemoglobin 

levels according to SPANOVA analysis. Error bars represent confidence intervals 

 

A significant effect of HD setting on calcium (figure 2:8(a)) and haemoglobin (figure 2:8(b)) 

levels was observed. There was no time or time-setting interaction effect on calcium levels. 

Similarly, the measurement time point had no significant effect on the haemoglobin levels, 

however there seem to be a significant time-setting interaction effect on haemoglobin levels 

(F(2, 170) = 19.404), p < 0.001, partial Ẽ2 = 0.186). 

2.4.5 Proportion of patients within, below and above recommended standards 

by settings for time point  3 measurements 

Because there was no significant difference on parameters across three time points, data on 

time point three were used for subsequent analysis. Data were categorised into either below, 

within or above recommendation then statistical comparison was carried out between Tanzania 

and UK HD patients. 

2.4.5.1 Serum albumin 

When serum albumin levels were grouped according to recommended standards (within and 

below recommendations) and by setting, a high proportion of participants in each setting had 

(a) Calcium 
(b) Haemoglobin 

      Recommended range 
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albumin levels below recommendations. However, Tz participants were significantly better off 

as compared to their UK counterparts (X2 (1, n=165) = 24.28, p < 0.001) as the proportion of 

participants with acceptable serum albumin levels was higher (29.9% versus 2%) see figure 

2:4 (a))  

     

 

Figure 2:7: Proportion of participants at measurement time point 3 falling below, within and above the 

recommended levels for (a) Albumin and (b) Haemoglobin 

** *significant association between setting and achievement of the recommendations P < 0.001, Chi-square test 

 

2.4.5.2 Haemoglobin 

Conversely, UK participants had significantly better haemoglobin status than Tz counterparts 

(X2
2 (2, n=190) = 68.58, p < 0.001).  

More than 71% of Tz participants were found to have haemoglobin levels below the 

recommended range while more than half (58.2%) of UK participants had levels within the 

recommended range (see figure 2:4(b)). The UK had also higher proportion of patients (26.5% 

Vs 3.3%) with Hb concentrations above the recommendations.   

(a) Albumin (b) Haemoglobin 

***  ***  
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Figure 2:8:Proportion of participants in Tz and U.K settings with below, within and above normal cut-off for 

(a) phosphate (b) Adjusted calcium, (c) potassium and (d) sodium at the third time point. 

*** Significant association between settings and achievement of recommendations P < 0.001; ** Significant 

association at P < 0.01; *Significant association at P < 0.05: Chi-square test.  

2.4.5.3 Phosphate 

The UK setting had a higher proportion of patients with phosphate levels within the normal 

range compared to Tz (49.0% and 32.5% respectively). The two settings had an almost equal 

proportion of patients (Tz: 33.8%, U.K: 34.7%) (see figure  2:5(a)) whose phosphate levels 

were above recommended standards. 

Although the difference in median phosphate level between the two settings was not significant 

(see table 2:4), when participants levels were classified according to recommendations (below, 

(a) Phosphate 

(c) Potassium (d) Sodium 

(b) Adjusted Calcium 

*  

***  *  
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