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ABSTRACT

End stage renal disease (ESRD) is associated with several physiological and metabolic changes
which together cause poor health amedfthempair
mostcommon metabolic consequesa# renal failure and is highly pvalent among ESRD
patients. Renal anaemia has a significant ne
but also posea heaveconomic burden otnehealth system due tbehigh cost of treatment.
Interactions between nutrition, anaemia statisnd response to anaemia therapese been
suggested This programme of workaimed to investigate anaemia and nutritional status
(including body composition) amorgemodialysigHD) patients ando study how nutrition

status and body compositionmfydo at i ent s6 anaemi a sheharmone and |
erythropoietin (EPQ) The first two sections of this project were cresstional studies
conducted te@haracteris¢hehealth status of patientsirgtly, health outcomewere compared
betweenthe UK (n = 101)and Tanzanan (n = 96) HD patientgfter which a more in depth

study was conducted in Tanzanianly (n = 77) These are presented in chapter 2 and 3
respectively. Both studies showed tfanzanian HD patients hadcreasedrisk of low
haemoglobin(Hb) levels, inadequate nutrition andflammation. The findings showed that

body fat and muscle masegere significantly andgositivdy associated wititHb and EPO
responseTheseinvestigatiors were then extended to the UK via recruitment asg¢ssment

of a cohort of UK adults HD patients on EPO treatnfent 41) The UK study was conducted
longitudinally and includedidditionalmarkers of anaemia and nutritional status to further
assesshe relationship previously observed andan attemptd uncover thanechanism

involved. The finding showed that longitudinally, body fat, significantly and positively
influenced Hb concentration independent of EPO type and gender. Equally, there was a positive
association betweeleptin hormone and Hboncentratiors, suggestinga potential link and

possible mechanism for the observed association between body falbdadels. Finally,



building on this work, a exercise intervention of low intensity (walking + intradialytic
resistance training) wasloptedand conducted asrandomized contrégd pilot and feasibility

study. The aims ereto investigate if such an interventiovas feasible and acceptable to
patients and staff and capable of indudng v our abl e ¢ hangaenposiion pati
(body fatand musclg andif so, how any such changes woulddify patients response to EPO
andtheir Hb status. The eight week studsas unable to achiev@gnificant changes body
composition or iron markers. However, there was a slight improvemergxancise
performance and lower body strength assessed through tbestandest To our knowledge,

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

has not beepreviouslytested in the dialysis settiragnd offes an acceptable intervention for

further research

Thisprogramme of work hagdemonstrated that good nutrition helimprovetheEPO response

and Hb levels of HD patientsA flexible and low intensity exercisgrogrammeinvolving
walking and intradialyt resistance training is feasible and practicathe presence of
physiotherapistHowever éht weeks of low intensity exercise is not sufficient to induce
changes in body composition or EPO respansED patients but may help improve their
physical tinctioning and so warrants further investigation as a more cost effective alternative

to cyclebased 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 mdnifis} disease is asymptomatic
in its early stages and often coexistith other conditions such as diabetes and hgpsion

which are also known to be common primary causes of KD

Several other metabolic complications such as protein emeafyutrition (PB1)3, metabolic
acidosié, anaemi4 mineral and bone disorders (MBD) inflammatory syndromeand
cardiovasculadiseas€salso evolveduring the course of the disease procassltend b
become more sevess the disease progres$o end stage renal disease (ESRBY this end
stage, the kidneys hawevery limitedfunction such that a reheeplacement therapy such as

dialysis or kidney transplanf is required to

The diseasprevalence is escalating both in developed and developing countries concomitantly
with the increasing prevalence of diabetes and hypertensitis poses a higeconomic
burden due to the increased care demand and the range of treatm&g&Dpatients require

to suvivel®. The burden is particularly overwhelming in developing countries including those
of subSaharan region due to limitégtatmentesources (expertise in renal care and finances),

often leading to suboptimal care and increasertality risk*.

Management of ESREequiresa holistic approactvithin whichnutritional management plays
asimportantarole as renal replacement and pharmado&dgherapiesWhilst the discipline
of nutrition and dietetics is widely developed and specialized in developed countriggelike
UK, this is not the case in developing countries of theS&afftaran region. The region has

limited nephrology services in generahd speifically few professionals working in renal



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,

potentiallycompromisng the quéity 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 therithonal status of ESRD patients on
haemodialysis in one of the countrieslie SulbSaharan region (Tanzania) and identifies the
areas of inadequa@nd recommendations for improvemeriarther research work involved
comparirg the nutritional status andther treatment outcome indicatoo§ Tanzanian
haemodialysis (HD) patients and those in one hospital in the EastiUKin order to identify
possible areas for action and examples of best practice which could be implemented in
TanzaniaFor exampleit 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 phencstietiean

dialysis patientsincluding the initial stages of this research wbdve suggested a role for
nutritional stats, including body composition,nothe response to anaemia management
therapie$®!3. As a result, the final study in thisogrammeof work aimed to investigate these
relationships in more detail via a prospective design and to investigate whether it is possible
improve body composition in dialysis patients through a low cost and low intensity exercise
programmewhich would be applicable to a developing country setting, and, if so, whether this

can mediate the outcomes of anaemia management.

The findings addo the body of knowledge on the role of nutrition and body composition in
patientsd response to an depimpave nespongeg ¢me n t tr

therapies specifically itow resource settirgg This is particularly important considering the



negative i mplication of EP Qvemayhpalth andhgpoost si v en

of bothEPOand iron therapies.

1.2.0verview of chronic kidney disease (CKD)
1.2.1 Definition, sign, symptoms and diagnosis of CKD
1.2.1.1.  Definition of Chronic Kidney DiseaséCKD)
The kidneys playn important homeostatic roleriegulating volume and solute concentration
in the extracellular fluid; regulating electrolytes and minerals including sodium, potassium and
calcium; regulating body pH; excretion of water soluble ib&ia 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 functionalts 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 pro@ss and theto return reabsorbed substances back to the circulation (see

Figure 11).
Nephron Filtered Blood Out
Unfiltered
Blood In
Unfiltered
Blood In
—
-~ —
Filtered
Blood Out f t
Glomerulus Tubule Urine Out

Urine
Out

Kidney Cross Section Nephron

Figurel:1:Crosssectional diagram of the kidney and nephron showing glomerular filtration process
Source:Kidney Precision Medicine ProjedPMP 2018, an initiative dflational Institute of Diabetes and Dige® and
Kidney Diseases (NIDDK



CKD normallyoccurs as result of a disease or an injury to the glomerular or tubular structure
within the nephron wigh 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 rateGFR). The current criteria of kidney damage described

in the 2012 Kidney Disease Initiative Global Outcome (KDIGO) guid&liaee presented in
Table 11.

Tablel:1: The new criteria for CKD (either of the following present for > 3 months) according to the
2012 KDIGO guideline

Markers of kidney damage Albuminuria(AER 30mg/24 hours); BR O 3 mg/ mmc
(one or more) Urine sediment abnormalities
Electrolyte and other abnormalities due to tubular disorders
Abnormalities detected by histology
Structural abnormalities detected by imaging
Histology of kidney transplantation
Decreasdn GFR GFR < 60 ml/min/1.73

AER, Albumin excretion rate; CKIEZhronic kidney diseas&FR, glomerular filtration rate ACR, Albumin to
creatinine ratio

This updated definition criteria was endorsed by the MPBOQI US commentary in

20144,

1.2.1.2.  Signs, Symptoms and Diagnosis of Chronic Kidney Disease
Because CKD deVeps over a long period of time, it is typically asymptomatic at its early
stage and as a resul t, ®% Nevertmelesthealibease caplie t o
detected by routine laboratory measurements. Early detection and treatment will often help

prevent or delay adverse health outceme

The ability of the kidney nephrons to perform their physiological role (see sectiori)l.2.1.
declines with disease progseon and as a result a person may experience excess body fluid
accumulation and likely to showsigns ofoedema on limbs and/or stomach or etheaface.

They may also experience fatigue, nausea/vomiting, mag have a poor appetite ana



metallic tas¢ in the mouth (uraemia) duetteebuild-up of uraemic toxia They ae also likely

to experiencétching sensationdue to phosphate retention; and may feel confdséd

Diagnosis of the disease is generally achieved by blood testsimeateGFR and urine tests
to measug theamount ofalbumin excreted by the kidné§sAs described earlier, lower GFR
(< 60 ml/min/1.73r), albuminuria (> 30mg/24 hours) and /or other evidence of structural
abnormalities of the kidneys o banddiffererdiatef o r

it from acute kidney injury which is a rapid onset condftion

Further testsuch asiltrasound or kidney biopsy mag performed to ascertain the underlying

cause of the dised$e

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, &ise kidney function declines, these compounds will not be

effectively excreted and subsequently accumulate in the loddnormally high values of

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

diseas®.

Kidney damage in CKD will oftenause leakage of protein and red blood cells from the blood
stream through the Bowmanssule 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

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

the relatve 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 kidneyedse. In this case, the test will normally be

0



repeated once or twice to confirm the results. The level of protein in the urine will reflect the

severity of the diseas#.

1.2.1.2.2. Clinical examination
Hypertension and oedema are important clinical features of kidney disg@®stdrsion can
be both an aetiological factor and a consequen@Xaf? as discussed later (sectibr2.3.9.
Persistent high blood pressure, particularlyi$iincontrolledcould be an indicativef 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 ris€&*. Oedema (fluid retention and swelling) will be noticed particularly in
the lower legs, feet and lesftem 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 otherusas of oedema that aret related to kidney disease, e.g.
malnutriion, liver disease and cancer, that may also cause fluid retention in the abdomen
(ascites}®. Importantly, this accumulation of fluid will mask weight loss andlentifying and

guantifying the extent of oedema is an important panutfitional 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 irdocount serum creatinine concentration, and other variables
like: age, gender, race and body size depending on the equatioR®u€dtR estimation

equations are presentedtablel1:2.

The MDRD equatior?’?° has four variablesserum creatinine, age, race, se&nd was
developed from the Modification of Diet in Renal Disease (MDRD) study. Thetieguzas
been widely used to estimate glomerular filtration rate of CKD patients in both clinics and

epidemiological stud&®®31,



Tablel:2: Differentequations for estimation of glomerular filtration rate: MDRD, CHdP Cr,
CKD-EPI Cy, as presented by KDIGO 28Hhd Levey et &’

Gender Serum Serum GFR estimation equation
creatinine Cystatin C
MDRD study equatio?’

175 X SCr1%4X age®2% X 1.212 (if black) X
0.742 (if female)
CKD' EPI Creatinine equation

Female O 0.7 m 144 X (SCr/0.7932°X 0.993\¢[ X 1.159 if
(O 62em black]
Female > 0.7 mg/dl 144 X (SCr/0.7}-2°°X 0.993'%¢ [ X 1.159 if
(> 62em black]
Male O 0.9mg 144 X (SCr/0.99411X 0.993%¢[ X 1.159 if
(O 80¢n black]
Male > 0.9mg/dl 144 X (SCr/0.792%9X 0.993%% [ X 1.159 if
(> 80em black]
CKD-EPI Cystatin C equatioh
Female/Male O 0. 8mg 133X (SCysC/0.8)*°X 0.996'%¢ [ X 0.932
if female]
Female/Male > 0.8mg/l 133 X (SCysC/0.8%%28X 0.996'%¢ [ X 0.932
if female]

MDRD; Modification of diet in renal disease, CKEPI; Chronic kidney diseaseEpidemiological
Collaborative equationsCr, serum creatinine; SCysC; serum cysteine C

The MDRD equation was recommended by the 2002 {KKPOQI guidelines for the
estimation ofglomerular filtration in adultsHowever, since the MDRD equation was
developedn people with CKD, it was suggted to be biased, and thatrtderestimasGFR

at higher levef&. This led to development of a new GFR estimation equation, the 2009 CKD
Epidemiological Collaboration (CKIEPI) equation. Likehe MDRD equation, the CKEEPI

also included agesace, sexand 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 GFRI@iver vs higher creatinine levefs

The KDIGO 2012 Clinical guidelifgherefore recommendsing 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 E&RD equation¥ to estimate GFR

and use this as a confirmatory tgsirticularly in patients with elRcr of 45-59ml/min/1.73m

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

all the KDIGO recommendations on GFR estimaltion



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 traditionallyeflected by the GFR. The KDIGO 2012 guidelimaiggests the
staging should also consider the cause of the dis@asluding 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 fAcauseo
commentary* becausewhilst some specific causes can be related to faster CKD progression
rate or othehealth outcomes, there are currently no accurate methods to quantify risk based

ondisease aetiologgnd tlerefore has theotential to limit understanding and clinical practice.

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

GFR and three stages based on albuminuria measures as presentedirBTable

Tablel1:3: CKD stages basedhdGlomerular filtration rate and Albuminuria measures

GFR based classification

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

G1 O 90 Normal kidney function \

G2 6071 89 Mildly decreased kidney function

G3a 457 59 Mildly to moderately decreased kidney function

G3b 3071 44 Moderately to severely decreased kidney function

G4 157 29 Severedecreased kidney function

G5 <15 End stage kidney failure

Albuminuria categories

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

Al <30 <3 Normal to mildly decreased kidney function
A2 3071 300 37 30 Modermately increased kidney functitn
A3 > 300 > 30 Seerely increased kidney functibn

GFR, glomerular filtration rate; AER, albumin excretion rate; AGRuminto-creatinine ratio;"relative to
adult level;*including nephrotic syndrome (albumin excretion usually > 2200mg/24 hrs [A€E0mg/mmol])

1.2.3 Aetiology of CKD
The causes and risk factors for CKD aagiedand theircontributionto the digase aetiology
varies acrosgegions. While noftommunicable diseasg®NCDs) such asdiabetes and
hypertension remaithe most common cause of OKin developed and most developing
countried, in low-and middle income countridike subSaharan Africathere are several

additional potential etiological factors such sdectious diseasesnd toxic chemical

8



exposuré’. Poor sanitation and environmental pollution due to unplanned infrastructure and
overcrowding in rapid urbanisation low income countries exacerbate the proBfémIn

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 agrockémicals
The use of herbal medication has also contributed significantly to ESRD onset in developing
countries®. All these may also interact with common urban factors such as NCDs to increase
the risk of CKD in these regiotfs The regional differences in the magnitude of CKD burden

for the two major causes of ESRD, diabetes and hypertems®presented in the following

sections.

1.2.3.1 Diabeic nephropathy
Diabetic nephropathy (DN) is a significant global cause of @GKB ESRD, accounting for 30
i 50% of all CKD cases and affecting about 285 million (6.4%) adults worldide the
UK, 27% of renal failure is caused by BNIts contribution igeported to be&ven 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 Nettier{29%), Italy
(18%), Norway (18%) and Russia (16%)There is also trend towards a greater aetiological
contribution of diabetes to ESRD development in the developing codfnaedking first in

Bangladesf? and accounting for 24% of ESRD cases in South Aftica

DN is the syndrome characterizeg thhe 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 ai 309mg/24 hours), a stage
called ircipient nephropathy. If not treated, about 80% of patients with type 1 diabetes will
have progressively increasing urine al bumi

10 17 15 years, a condition called overt nephropathy. The GFR of patients watth o
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nephropathy declines at a rate of 20ml/minute/year and ESRD develops in 50% of them

within 10 years and up to 75% over a 20 year pétidhtients 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 diagnos&dAlthough historically DN in type 2 diabetic patients was considered a
Obenignd condition as compared with in type
that tye 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 wotfdwide

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*ESRD

However, not all people with diabetes will develop DN and even so, the progressiaa
modified by other risk factors like hypertension, glycaemic control, dyslipidaemia and
smokindg®*°. In addition, genetic profif8, age and race have also been shovimflieence the
development of DN. People of Black and Hispanic ethrititgnd patients with a family

history of DN have a greater risk ofvigoping the conditiot?.

1.2.3.2 Hypertension (HT)
Hypertension (HT) is identified as a sustained blood pressure higher than 140/9%ifimHg
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 Aftiaad accounts for over a third
of all cases in Pakistan (39.6%%)t is the second leading causESRD 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 aetidfbgy

The relationship between CKD and hypertension is multidirectional, wigedilood pressure

being both acause and a consequence of CKDWhen the arterial pressurés above
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160mmHg or when the autegulatory melanism 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 his increas in BP will extend to the kidney vasculatureausing
mechanical stretcof the glomerular capillaries and mesangial celtsch will then induce a

repair responsthrough the actions ofibrogenic cytokines and angiotensif’lIThe 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 nephrSpathy a large health
screening registry, dividuals with baseline BP close to 180/100mmHg were about 15 times

more likely to develop ESRD than individuals with baselineoBP10/70mmHg°.

124 CKDepi demi ol ogy and patientsd profile
CKD has become a public health problanth rising globalincidence and prevalence. The
disease has nearly doubtlkes a causef mortalityand wageported to be the 18th highest cause
of death worldwide in 2089, According to the Lancet series on CKD (28t 2nore 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 furdser result of thglobal increasein the
prevalence of diabetes mellitusydertension, obesity, and aghigHowever the incignce
and prevalence &ESRDdiffer substantially across countries and regions. More than 80% of
all patients receiving treatment fRBSRDare estimated to be in affluent countries like North
America, Japan and Europe which have large elderly populatidnsarersal access to health

caré?.

Whilst lower rates of CKD areeportedin poor countriesparticularlythosein subSaharan
Africa, this may be due in part to @sence of reliable and validated measures of kidney
function® anda lack of access t@nal replacement therapy (RRinpacting the accuracy of
the figures reportéd®. In fact, it is estimated that, by 2020, the burden of diabetes and

cardiovascular diseasesll have increased by 130% in Africa, with concomitant increases in
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the incidence of CKD and ESRDTherefoe by 2030 more than ¥0of patients with ESRD

will be residing in developing countriés

The cemographiqrofile of people with CKDand ESRDalso vaies widely worldwide and
betweenethnic groups In the USA, CKD progresesto ESRD at younger ages inridan
American and Hispanic populati@ompared to Caucasia(eean age 57 and 58 years vs 63
yearsrespectively°. In theUK, mean age dfiD patients in 2015 was 64yéars? contrasting
with mean ages in India &1 year§®, China50 years and Japar26ears’. In Africa, the
average age of patients on HD patients is locveenpared to other parts of the world. Even in
South Africa(the most developed country of Africathe mean age of patients on renal
replacement therapin 2012 was 48.9 yedispotentially indicating that people progress to

ESRD at a younger age or that older people hav@groaccess to dialysis.

ESRD has both economic and sep&ychological effects on communitias m@tients are often
chronically depressed, unemployed and in need of financial and social $tfpBrtients

undergo significant lifestyle changes including dietary modification, continuous medication
and attendance at thedtment facilities (often thrice weekly for haemodialysis patients) which
bring a sense of |l osing fr ee &dvoreosen dialysio s i n g
treatment may have an impact on body image causing patients to perceive themselves
unattractive due to procedures fpemed to create dialysis access points (e.g. fistula or neck

i ne) . Thi s | -esteemm and rpay impaetnoh théir dressihgf style and social

relationg?.

Such changes can cause anxiety and depression as patients struggle to cope and adjust and
consequently their quality of liféQoL) may be diminishedwvith wider implications for the
family and social relationshiff§2’3. Unfortunately, @pressd patients also have poor

compliance to the treatment and therapies and conseqhamtyworseurvival'®,
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In countries where there is no national health servazeglreplacement therapies required by
ESRD patientsonferan unaffordable financidlbad, the burden of which is proportionally
greater in poorer countrisLimitations of medical facilities, human resources and financial
constraintsresult in patientsonly receinng partial treatment andehabilitation with the
mgority of patients who start dialysis disconting thar therapy when financial resourcesr

out within the first yearrisking early mortality due to uremic complicatidfis In stuations

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

consequence of progressive Clkdalways death.

1.2.5 Management of patients withESRD
1.2.5.1 Renal replacement therapy (RRT)

Renal replacement therapy is a lifme 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
regior’®. 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 imdasgaare

setting”.

There are currentlyhree RRT choices available for ESRD patients in the UK (peritoneal
dialysis, haemodialys@ndtransplantatiopand patients are normally given an opportunity to
choose their preferred modaliyTo optimize care, decisions regarding the choice ofatiyd

would usually be made by involving patients, families and the health care team, considering
the risks and benefits of the therdpy the individual patient.A final choice is conservative
management where the patient would be medically managedtmictheir symptoms as long

as possible without dialysis.
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The 19" UK renal registry repoft shows that among th@41 per million population (pmp)
patients receiving RR1h 2015 transplantvas the most common RRT modality (501pmp),

followed by HD (384pmp) with PD was the least prevalent (55pmp)(gee=fl:2).

CAPDAPD
4% 3%

Satellite
HD
21%

Transplant
53%

Hospital
HD
18%

Home
HD
2%

Figure 1:2: Proportion of ESRD patients receiving different treatment modalities in the UK inf2015
CAPD= Continuous Ambulatory Peritoneal Dialysis; APD= Automated Peritoneal Dialysis; HD=Haemodialysis

This report shows that the 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 redeioner

the same period-Z.1% pmp’®. This PhD research project involved patients receiving
haemodialysis treatmemind sofor this reason onlHD therapy will be discssed 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 (CV@sjiowanous fistulae.
The dialysate fluid is then introduced into the dialyser to precipitate the removal of solute from
the blood (figurel:3)%. In the UK, HD can be provided through renal units located in the main
hospital or at satellite units which are nor

guideline encourages &itment to be performed by patients at their own homes if pd8sible
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Figure 1:3: Hemodialysis process. During hemodialysis, the anterior blood is pumped through &dilled, 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 nuesdsicians
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 ftbeir dialysis unit three times a

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

To reduce this burden, home dialysis is an alternative option for some patientsevshabée,

have a conducive environment and have appropriate support at theirthddwsever, 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 (390%3 well as a high patient, staff

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

infection on the access site) and hypotendiserder®.

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

The reduced ability to excretetrogenous metabolic waste by the failed kidney, leads to an
accumulation of potentially toxic metabolites in the serum, such as weessq and creatinine
(collectively called usemic toxins in a condition called uraenifaUraemia is known to play
a role in the pathogenesis of the disorders of CKD dhdrdéunctional changescluding
protein energy wasting (PEW) amdetabolic acidosisKidney failure will also causpoor
mineral and electrolytes homstasis fluid accumudtion, reduced production of hormones
such as 125-dihydroxyvitaminDs, renin, andEPQ For this reason ESRD patierdse at
increagdrisk of developingareemia and EPO resistaié€®, vascular calcificatiof?, vitamin

D deficiency and skeletal muscle dysfunction with a reduction in exercise tolet¥ce
Uraemia has also been linked with inflammaton, oxidative stress conditisnand
cardiovasular diseasé$? Complications of CKDnotably dfect all organ systems arate
linked with adecline in healt related quality of life (HRQoLandincreasednortality. This
thesis focuses on the interplay betwpestein 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 patient®. Similarly, inflammation is also a common feature in ESRD

attributed to accumulation of toxic metabol#&8 and other dialysis related fact®f¥'.

1.3.1.1 Protein energy wastingPEW) as a consequence of undernutrition
Uraemic syndrome causes a declineadppetite(due to taste alteratiorend nause&§'®

impairedfood utilization and assimilatid®, and consquentlya progressiveeclinein dietary
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intake'®*1%2. Uraemia has also been shown to aff¢iee composition ofa patients gut
microbiomeand so maynterfere withthe absorption of nutrientsuch adatty acid®®. With

prol onged dietary inadequacy the bodytots prod
decline with a subsequent increase in glycogenesis and fatty acid mobitfZatforif

persistent, this will cause a loss of visceral protein, decreased plasma protein synthesis
(hypoalbuminemia) and increased liver fat infiltration due to lipolysisFigure 1:4

summarize theaetiology of PEW in CKD.

Undernutrition is not the only aetiological factor IEEWin ESRD patients. Increased resting
energy expenditure (REE) attributed to the dialysis itself, comorbiditiels peersistent
inflammatiort®® could also contribute in the pathogenesis of PEW in this patient groupdindee
PEW was observed to be more prevalent among dialysis patients thigiighest tertile as

compared tahelower tertileof REE?".

Co-Morbid Dialysis-Associated

Loss of Kidney Function ~ conditions Catabolism e .
Uremic Toxins l Infection

Cardiovascular

l Dietary Nutrient ————» <

i Disease
Intake
o |
D \
Inflammation ! Depression

Metabolic Derangements
(Metabolic Acidosis,
Insulin/IGF-1 Resistance,
CKD-MBD, Low
Testosterone)

Figure 1:4: A conceptual model for aetiology of Protein energy wasting (PEW) in CKD and direct clinical
implications.
Source: Carrero et al(2013)°8

1.3.1.2 Metabolic acidosis and Protein energy wasting
Metabolic acidosis is another metabolic change which occurs with CKD progressitnsand

characterized by an increase in the body concentration of hydrogevitioa concomitant
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reduction in blood bicarbonate (HGOThe condition is recognised to play a significant role
in the acceleration of protein catabolism, causing negative nitrogen balance and mu8gle loss
and areduction in protein synthest8!l Patients with renal failurare prone to metabolic
acidosis due to theeduced abilityo excrete excess hydrogen ions into the urine and to reabsorb
bicarbonate iorfs Haemodialysis patients are particljyaat risk if they have inadequate
bicarbonate in the dialysate or inadequate dig)ygastrointestinal loss of bicarbonatéigh
protein intake!'%113 The type ofdiets consumed by patierasohavea significant impact on

the onset of metabolic acidosis as metabolism of prgkein foodsresults in production of
acids whereas fruits and vegetables provide &lkdigh intradialytic weight gairin this
patient groups has also been associated withnameasd risk of developing metabolic

acidosis!

Metabolic acidosis iapredictor of CKD progressiofindependent of baseline estimated GFR,

demographic, socioeconomic and other clinicatdeg!'® and mortality*®.

Analysis of data from the DaVita databasdich involved prevalent ESRD patients treated
with PD and HB'’, showed a 1% 35% in increase in the risk of mortality for patients with
bicarbonatdevels< 22mEqg/L whereas analysis of data from the DOBREY (involving a
randomly selected sample of HD patients from France, UK, Japama@gr Italy, Spain and
USA)'*8 showed an increase of tp 48% in mortality riskkmong patientsvith pre-dialysis
serum bicarbonat e <andyeuha midweekrsesgbsubseaquénty/ L
the same DOPPS study found thesstpatientsurvivalwas associated withidarbonatdevels

in therange 18 21 mEq/L

Correction of metabolic acidosighrough supplementation with oral sodium bicarbonatey
found to restore albumin status and concentration of essential amind“‘acds improve

muscle strengtin patients with mild metabolic acido$t&
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1.3.1.3 Inflammation and PEW

Inflammation has also been linked wREWthrough a reduction of appefitéand a reduced
synthesis and halffe of albumin® and is associated with increased insulin resistance, an

increase in muscle 10%3'22 and increased energy expenditéie

Recognising thenultiple nutritional andnetabolicalterations that occwith the progression

of CKD, the International Society of Renal Nutrition and Metabolism (ISRMf)have
presented their consensus on the aetiology of PEW as shdwnmal:4. It also highlights

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

frailty amongpatients.

In summary, as illustrated by the ISRN®] PEW is the consequence of multiple mechanisms
inherent to CKD, including undernutrition, systemic inflammation, comorbidities, hormonal
derangements, the dialysis procedure, and other disorders of ureitity to¥hilst PEW may
increase patiendsisk of infection, CVD, frailty, and depression, these complications iisay a

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 protei
energy malnutrition for both research stutf&€® and cinical practice. Howeverhe use of
serum albumin levels as a markd#rnutritional status among dialysis patients has long been
guestiord due to the marker beir@gsoan acute phase reactamich is downregulatedn
response teystemic inflammatiott®'?”. Although albumin synthesis decreases with dietary
protein intake in nephrotic patiett& conditions such as hepatic and inflammatory disorders
also cause albumin breakdown and a declinés synthesi$®. Moreover, the association
between kipoalbuminemia and high rate of mortality among ESRD patients was found to be
dependent on systemic inflammatidfh For this reason, the UKRA! considers a low serum

albumin to be a&trong predictor of increased mortality and morbidity rather than an indication
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of nutritional status. Howevenp single marker calpe adequately used to diagnose PEW and
comprehensive examination requires multiple complementary measur&feBesrum
albumin therefore continues to serveag®tential screening tool for malnutrition that helps to
highlight individuals requiring further investigation, using additional measures of body
compositioi®3 The European Best Practice Guideline(EBF&GInd K/DOQH° recommend

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

Other methods recommended by the UKRAo be used in assessing undernutrition include:
Actual Body Weight (ABW) (<85% of Ideal Body Weight (IBW)),eduction in oedema free
body weight (of 5% or morei3 morths or 10% or more in 6 month8ody Mass Index (BMI)
(<20kg/n?) andSubjective Global Assessment (SGA) (B/C on 3 psaale or 15 on 7 point
scale) SGA is a screening tool that helps identify individuals at risk for malnutrition based on

the plysical, clinical examination and changes in dietary intke

The EBPG3** and K/DOQ#®® also highlighted a number of toplhat in addition to serum
albumin, theycan also be used in the diagnosis of malnutritibneseinclude: dietary
assessment, anthropometry, normalized proteittogen appearance (nPNA), serum
prealbumin, cholester@ndtechniques of body compositi@malysissuch asio impedance

dual X-ray absorptiometry and negnfrared 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 involvemultiple approaches thegflectits aetiology.

Adequate diet plays an important role in ensuring optimal nutrient suppinianaizing the
risk of malnutritionin this group of patient®r ot ei n r 6.8 gkg/d) babeemuseds O
a means of disease managentsiore thedevelopment of haemodialysesnd was reported to

be beneficial in controlling metabolic disarrangement including metabolic acitip§i&D-
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MBD8, atenuaing insulin resistancereducing oxidative stress® and evenassisting in
delayng theprogression of kidney failuiia those witrmoderate renal insufficientd14%. For
this reason,t was suggested thatrqiein intake of 0.6g/kg/d can adequatelymeet the
nutritional requirement of nedialysis patients* but the UKRA recommendsa protein intake
of at least0.75g/kg of ideal body weight per d&gr patientswith CKD stage 45 not on
dialysis.If alower protein diet (<0.6g/kg/d) is desiraltte prevent uraemjaevidence shows

that it is important that adequate ener@@ @5 kcal/kg/day intake is ensured to prevent

PEWA514

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

in disease progressipreturned controversial findings wherfailed to showanadvantage of
alow protein diet®¥143 Further analysis of MDRD dagually showed a link between protein
restriction and poor indices of nutritional stafiisA very low protein diet (0.28 g/kg/d) was
also found to increase mortglitisk among ESRD patienteven whersupplemered with a
mixture of essential keto acids and amino acids (0.28 g/g/dYloreover, the problemof
uraemic anorexia andhe impaired gastrointestinal absorption and utilization of ingested
proteinwhich occur with disease advancemang¢of concern when consideririge utility of

alow protein dietin this populatiof*®,

Compared to renal patients who are not yet on dialytarg protein requirement of patients
on maintenance dialysis is high due to the increpseigincatabolism and nutrients lost with

the treatment, which aggravates PEWBoth the UKRA®*and NKF KSclinicaDOQI

practice guidelinethereforeececommend proteinintake f not | ess t han 1.

for stable dialgis patientswith at leasthalf of that beingof high biological value (i.e. from
animal sources). EBPG guideliregggested that a slightigwer thresholdof 1.1g/kg/dwould

still be sufficient®®. With regards to energy intake, NKEDOQI*® and WKRA!
recommend intakeof 30i 35 kcal/kg/day for all patients depending upon age and physical
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activity. A wider recommended range (3040 kcal/kg/day) was proposed by EBPG

guidelines®.

Other notable strategieme those that help taowetrol uraemiasuch as increasindialysis
adequacyy either dialysing for longer or more frequettlyRenal units will measure the urea
reduction ratiURR) (with the aim of achieving >65% reduction between prepastidialysis
urea measurementahd Kt/V, a measure of dialyser clearance of ureaivel&b 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 @haemia in CKD patients is multifactorial, however insufficient production of
erythropoietin (EPO) hormorfeom thefailing kidneys is reported to be timeost important
factof’. This is because the hormone is required to prortiegrocess of red blood cell
production known as erythropoiesigrythropoiesis is aomplex processethat involves
proliferation and maturation of erythreltheage committed cells (erythroid burst and colony
forming units) into morphologically distinct erythroid precursors (the bone marrow (BM)
erythroblasts) that undergo progressive differentiation and nucleaticio tipe stage of

reticulocytes and mature red c&tfe>*,

Apart from EPOjron is also required in erythropoiegigrticularly in the differentiationtage

i.e. inthe early steps of erythroid differentiation to produce cytochromes and enzymes and
during terminal differentiation where globin and haem synthesis arelinated to produce
haemoglobirt>>%¢, [ron deficiency is therefore another factor in the aetiology of anaemia in

CKD patientsFigure1:5 provides a schematic presentatiomevfal anaemia pathogenésis

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

and 5 patients respectively within a USA coh@aq7i 20108,
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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) pati&nts
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Figure 1.5: Schematic presentation of mechanisms underlying develomhesral anaemiaBlack and grey
arrows represent normal physiology (black for iron and grey for regulatory pr@ses€oloured arrows
represents theffects ofCKD (blue for activation, red for inhibition effectdjon and EPO are crucial in red
blood @Il production in bone marrow. Iron availability (dietary iron and microphages iron from senescent red
blood cell) is controlledby the hepcidin hormone from the li@on is downregulated by the increase of the
hormone) Hepcidin level is controlled bgeveralfeedbackoops including the level of iron and EP®. ESRD
patients, hepcidin level lighly elevated presumably due to reduced renal clearance and inflammation, causing
iron-restricted erythropoiesis. CKD also inhibits EPO production by theesidmay also causaremic induced
inhibition of erythropoiesisshortened red blood cell life span and increased blood loss.

Source:Babit and Lin,(2012*5".

Anaemia has been linkeslith increasedisk of cardiovascular diseaseduced tolerance to
exercise,cognitive impairment, reduced quality of lifgiredness, lethargy, and reduced

appetite) increasedospitalization rate andcreasednortality*6°,

1.3.2.2 Iron deficiency in CKD
There are multiple reasons for iron deficiency in patients with CKD and E8RUOfficient
intake ofiron rich food due to poor appetitsecondaryto uraemia) and stringent dietary
restriction (e.greduceded meateduces haem iron intake, reduced fruit and vegetable reduces
vitamin C intake which can reduce nrbaem iron absorptignmay exacerbatean deficiency

in these patient8’.
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Uraemia andnflammation are therefore also thought to be contributory factors in the aetiology

of iron defciency anaemia in CKD patieft§'% The uptakeof iron by intestinal epithedi

cells and ironrecycling frommacrophagess facilitated bya membraa transporter called
Ferroportirt®4 This membrane transpter tends to be bound and degraded (downregulated) by
hepcidin hormongresulting in reduced iron absorption by the intestine and iron accumulation
within the reticuloendothelial systéffi'®® Hepcidinhormone isnormallyregulated 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 expressih thus increasing iron availabiltif®®. However, hepcidin
expression is also foundo be i nduced by inflammation, S

mechanism to fight infection and cancer hence limiting iron availal3iits.

Another factor that might contribute it@mn deficiencyin ESRD patients is the recurrent blood
lossassociatedvith the dialysis therapyPatientsare estimated to lose approximateld. of

iron per year due tceetention of blood in dialysis lines and clotted dialyzers, frequent blood
draws, and a higher propensity toward gastrointestinal ble€dimgpdequate dialysis can also
cause low clearance and hence greater accumulation of uraemic toxins, production of pro

inflammatory cytokines and consequently impaired erythropdiésié

1.3.2.3 Assessnat and diagnosis of anaemia in CKD

The UKRA clinical practice guideline on anaemia of CKHband NICE’ suggest that
haemoglobin(Hb) be routinely measurg@t least twice a year for nedialysis andevery 4
weeks depending on Hb concentration or/its ratehahge for dialysis patient&) screen for
anaemia. H levels less than 110g/l warrant further investigatmderivea correct diagnosis

and management plahe 2006 KDOQV® guidelines have grouped the Hb thresholds
according to gender, i.e. Hb concentration <135a/ladult males and <120 g/L fadult
femalesindicates further diagnostic tests should be performed. This recommendation is
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endorsed by the European Renal BBsactice (ERBP) working grodff 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 felbudles

slightly lower for males (<130g/LY8

Other evaluation ¢sts, in addition to Hlzoncentration, 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) &hdrransferrin saturation

(%TSAT). UKRAdefines Oiron r i paviegt%eHRC<®%, CAréul t p a
29pg/cell, ferritin> 10Ce g/l and % TSAT>20%. Low ferritin €10Cg/l) is an indication of

iron deficiency anaemia, nevertheless, normal or high fer@iad g/l) should not be deemed

to conclusively indicate a patient is ircgplete 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
Becauseansufficient EPO productiorfrom thefailing kidneys hadeenfound to bethe main
cause of anaemia BKD patient§’, the use ofecombinant human erythropoietin (tHUEPO)
has beementral to treatment. The usEEPOhave also helped to manage anaemia, reducing
the need for Dblood transfusi onsUKRAYYandi mpr ov
K/DIGO" both recommend treatment witEBPOfor all patients with anaemia of CKD who

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

The K/DIGO’ guidelines also suggest tralt CKD stage 5 patients start the therapy when
Hb levels are between 90100g/l in order to prevent their Hb concentration falling below
90g/l. However, the two guidelines recommend sinenapy 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 BPOis normally based orefficacy, safety, cost and

its local availability

The dose isindividualized 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 di seaesard st age
preference and the type ofPB used. For HD patients EP€@n be administered either
intravenously or subcutaneously withiartial dose of shoitacting EPQgiven thrice weekly

for maximal efficacy?®. The starting dosés often20 to 50 IUper kilogram body weight 3
times a wek followed bya weekly maintenance dose of 3 x 20 IU/kg if the incre@as#h is
inadequat¥® In England, prescriptio follows the recommendation of The BritidNational
Formulary (BNF) and NICE guidelinesheh direct that, for adult HDpatients, an initial dose

of EpoietinAlfa (Eprex®)equal to50 units/kgis given 3 times weekly. The dose is normally
adjusted according to responsanarementf 25units/kg, 3 times weekly at intervals of at
least 4 weeks. For maintenance, usually a total B80Gunits/kg weekly (as a single dose or

in divided doses) isdvised.

The initial dose of EPMiormally prescribed in Tanzania is 4000 IU, 3 times a W&k
frequency is normally decreased to twice a week when Hb concentration ri€e1t20fll and

once a week when Hb is @-2130g/l. EPO is stopped when Hb levebich 18g/l.

1.3.2.4.2 Iron therapies
Because of the nedak iron for erythropoiesi®?> iron therapy is also paramount for anaemia
managemeht’. Iron can be administered via theal, intramuscular or intravenous (IV) route.
Studies orthe effect of oral(Ferrous sulphata)ersts IV iron (Iron sucroseadministrationn
raising haematological indices (Hb, Ferritin and TSAT levels) in-giedysis patientgive

mixed resultsWhilst the two routes were reported to be equally effectiverepartfrom the
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REVOKE studyauthored byAgarwal et a®%, the FINDCKD trial*®2, alonger, multicentre
trial involving alarger sample sizéound that IV iron (Ferric carboxymaltoseyurpassdthe

oral iron(Ferrous sulphateh the achievement dfeatment targets and delaying/reithgcthe
need for other anaemia management including.BR©worth noting that thesevb trials used
different IV iron formulations anthat the audit byHofman et af® suggestedn increased
effectivenes®f Ferric carboxymaltose comparediton sucrosefFurthermore, the dosage of
oral iron was lower in FINBCKD trial (100mg twice a day) compared to REVOKE trial
(325mg three timea day which may contribute to the differencesen

Ontheother hand, for dialysis patients (both PD and HbBgre isstrong evidence supporting
the efficiency oflV iron supplementatiomveroral iron in achieving Hb targets, maintaining
iron stores and reducinP® dose$?+186 possibly due to poor intestinal absorption of oral iron
caused by increased circulating hepcifiae section 1.3.1). Patients treated with IV iron
werealso foundo havesignificantly higher levels of Hb (mean differenc® 8/1), TSAT, and
ferritin as compared tthose supplemented withal iront®”, In addition to raised Hb levéfs,
EPO dosewas also foundto bereduced with IV iron. For this reason, IV is the first line
therapeutic option for correcting iron deficiency in HD patients.

However, therdnavebeen concernsegarding the use of 1V iron, in particular, high doses of
IV iron have been linked with an increase in the risk of infection, oxidative stress, vascular
calcification and atherothrombo¥i&'®°. Contrasting resuls were produced by the recent
mul ticentre randomised study @Athe Proactive
( P VOTAtrgl that assessethe efficiency and safety of higiose (400mg of iron
sucrose/monthjompared to lowdoselV iron (07 400 mg iron sucrose/montajiministration
among HD patients. In this studie high-dose regimenvas superior in lowering EPO dose
to thelow-dose regnen. Moreover, theisk of death or major nonfatal cardiovascular events

was lower in the higlilose group than in the ledose group.The rate of hospitalization for
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any cause and for infection were not different between the two treatment groups. Hdveever
thrombosisaffecting vascular acceswas more common ihigh-dose (24.0%) compared to
low-dose(20.8%)IV iron recipients. The findings from thald to the erdencebase and will

help inform developments @KD-anaemia treatment guidelinesorderto optimise treatment
outcome

Currently a the treatment follows standard guidelinesn@by patients are normally started
with the initial (corrective) IV iron dose, commonly prescribed as-50000mg given as a
single or divided doses depending on threparations. This dose is then followed by
maintenance dose of 50.00mgweeky or fortnightly depending on the ferritin levé&t 7819,

In the UK, theBNF (February 2016section 9.1.1.Poutlines four options for pareetal iron
preparations. These are: Iron dextran (CosmoFei®n sucrose (Venofer®), Ferric
carboxymaltose (Ferinject®) and Iron isomaltoside 1000 (Monofer®).

UKRA guidelined’®, andsimilarly the ERBFn their position statememb the 2012 KDIGO
guideliné’’, recommendhatadult patients ofEPOmanagement therapies maintain their Hb
concentration between 100 and 1209/l dratdose review and adjustment be madewthe

Hb is < 105 or >115g/1 and/ or Y8glieicarpratticen i s 3
guideline for anaemianiCKD suggests the same lower threshdd0g/l) but recommends a
slighty lower uppercut off, specificallythat there should beteeatmenteview when the Hb

is >110g/I. The recommended target for iron storage (ferritin) i$ Z00 ng/ml and for TSAT

O 20% and |V iron dosage s h &ahghnladdeisconinuéde we d
whenitis © 8 0 0 n gnless the Hb is below the desirable level. This guideline was endorsed

by the KDOQ#®2

Tanzania clinics use Hb levels (< D/l) as an indication for iron prescription (100mg of Iron
sucrosg(Venofer®) for 5 to 8 consecutive HD sessionspthievea desirable level of Hb

(>110g/1). The same dose is normally repeatedly gnibed when a patiedtbklb level decline
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below110g/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 pia¢ieaits. However,
the attainment of thepdimal dose also depends on financial ability of the patient as patients
are required to pay for their prescriptiéns

1.3.2.5 Erythropoietin (EPO) hormonéhypo responsiveness in ESRD
Despite PObeing an important therapy in the management of anaemia of CKD a6t 5
of patients exhibit an inadequate response to the thi@fapiiese patients fail to achieve or
maintain the target Hb levels despite the correct dodePa#%’. EPO resistance hdseen
associated with poor clinical outcomes, increased cardiovascular morbidity, disease
progession and aitause mortalit}?>1. Iron deficiency (absolute iron defémcy) and/or
insufficient iron bioavailability (functional iron deficiency) is namasl the major limiting
factor for the effectiveness &POin HD patientsdue to iroi® svolvement in erythropoiesis

as described isectionl1.3.2.11°5156,

Inflammation is also acknowledged to contribute to poor responséP®@tlierapy. Pre
inflammatory cytokines likinterferongamma (IFNo ) , utnecrosis factor alpha (TNB )
interleukin 1 (IL-1) and intefleukin 6 (IL-6) can induce resistance of erythroid progenitor cell
to EPO or promote increase of hepcidimence impairing the release of stored iron into the

reticuloendothelial systefi”1%

Studies have also indicated thaalnutritionmight contribute to poor EOresponsiveness$®
200 nossibly due to the association between malnutrition and inflamrff8tisith stringent
dietary restrictions also reducing iron availallity for erythropoiesis hence HO

hyporesponsiveness.

aPersonal communication with Dr. Pascal Ruggajo (Nephrologist and Lecturer at Muhimbili University of
Health and Allied Health iffanzania) on ZLFebruary 2016
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Another factor suggested to influencB@responsiveneds secondary hypparahyroidism.

This may be due to its inhibitory effect on early erythroid prems and its negative effect on
bone marrow cellularity and it has been linked with the development of bone marrow fibrosis
202 Intervention to sppress PTH has been shown to improve anaemia in CKD pattétits

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

hypo-responsivenes$>2%,

Inadequate dialysimay alsampair EPOresponse due to accumulation of uremic toxins which
can further inhibitproduction of EPO and erythropsis. Gaweda et a&°’ indeedfound 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 s&c8iarl where
the involvement of uremic toxicity, poor dietary intak&creased energy requirement,

hormonal derangement and disturbances in pratgihenergy metabolism were suggested

As previously explained, protein energy malnutrition/wasting and inflammation are both
common conditions affecting ESRD patients. Furthermore, the two corsddrenclosely

related as inflammatory responses can ficantly increase the risk of malnutrition. In the
inflammatory state, energy requirement tends to increase due to the increased resting energy
expenditure (REEY Inflammation is also known to reduce albumin by impairing synthesis
and reducing its halife thus contributing to muscle log8%?'*and this can occur independent

of inadequate nutritiorf'2 Several sidies have indeed shown muscle protein loss with
increass in circulatory 1L-6 213 It is also suggested that girdlammatory cytokines can act

on the catral nervous system to decrease appétitentributing to poor nutrition.

Similarly, over nutrition (esulting in obesity despite being shown to increabe survival

advantage of HD patierfS, may have detrimental effects dependent on the pattern of regional
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fat depositiorand subsequent metabolic implications. Abdominal fat increases the expression
of pro-inflammatory cytokines and observational studies have linked it with inflammation in

CKD patients?16217

It not uncommon for the twoonditions to occur simultaneously in dialysis patients, a condition
called MalnutritionInflammation complex syndrome (MIC33and in fact many features that
indicate the presence BEW (e.g. hypoalbuminemia) can also be induced by the presence of

inflammatiorf™®.

1.4.1 Nutritional status (including body composition) and anaemia in ESRD
Nutrition (with or without inflammation) has a significant role to playynw pat i ent s 6

quality of life and treatment outcomes, including éin@aemia status of ESRD patients.

As already noted=SRD patients face enormous dietary regtms that limit intakes of fruits

and vegetables, potentially causing low consumption of important micronutrients like vitamin
C whichpromotedron absorption. Dietary iron intake is also limited among these patients as
they are continuously restrictémlcontrol their dietary sodium, potassium, phosphorus, dietary
fat and cholester®. Moreover, uraemic patients have reduced appetite and researchers have

reported this to be associateth lower haemoglobin levels and increased EPO requirement

221

Body composition has increasinglydreeported to play a role in iron status and erythropoietin
hormone (EPO) response, whereby increased body weight and even obesity (BMI >*B0kg/m
have been found to be protective among dialysis patidatSameireFariaet all? observed
greaterresistance to EPO among underweight patients (BRO kg/nf), presenting with
functional iron deficiency and a high degree of inflammatoo mpar ed t o t hose

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

transferrin and lymphocyte countswit an i ncr e as e30kgim? BBINEvel angd e n  a't
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showed thatBMI, along with albumin and soluble transferrin receptor (sTfRgre
independent predictors tifeEPO dose required to achieve target haemoglobindéd@ianko

et al*found a significantly higher weekly dose of EPO among Afridamerican HD patients

with lower tertiles of subcutaneous adipose tissues (SAT) and total adipose tissue (TAT) and
in females onlyfor those withlower tertiles of muscle mass (MM). They hypothesized that
this could be a reflection of low uremic toxin load and large urea distribution vatulager
patients.This is because largéialysis patients have smaller relative mass ol mgetabolic

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 vol@miasburget al??? also

found erythropoietin response index (ERI), (weekly weiglisted dose of EPO (U/kg/week)
divided by haemoglobin concentration (g/3lLyvhich is an index of EPO resistance, to be
inversely correlated whtboth lean tissue index (LTlean tissue mass/ heighaind fat tissue

index (FT} fat tissue mass/ heighteven 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 oftevan fat tissues. However, & 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 tandugatively
correlated with fat mass (a component of total body weight). This calls for more investigation

to ascertain how body composition actually influesi€EPO response.

The protectiveeffect of high BMI and fatis believed to be a result of leptiorimone as this
hormone increasavith an increase in BM#3and fat mass ESRD patient$?. In vitro studies
have shown that leptin can induce proliferation, differentiatimmd activation of
haematopoietic celf€®. This was also demonstrated in human studies includosgdti renal

patients whereby leptin was suggested to help stimulate erythropdi@disnd to be
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predictive ofEPO sensitivity?® . Moreover leptin was found to bpositively associated with
haemoglobin level in ESRD patien€®. However, a contradictory association was found in
the invitro study by Ching et af3° which showed @ increase in hepcidin expression in the
hepatoma cells incubated with leptauggestinghat leptin could have negative effect on iron
metabolism. The contradictory observation may suggest that the erythropoietic role of leptin

may bedependenbn otherfactorssuch asvailability 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
andspecifically its role as amssential part of haemoglobin (a prot&irRBC) whichconfers

the oxygercarrying and transportatiqotentiat®3*%6,

However, h addition taRBC production, iron forms an essential part of myoglobin. Myoglobin
is the heme containing protein group thatdeveloped in red muscle in response to
mitochondrial demand for oxyg&h. It binds to oxygen and transp®it from RBC tothe
mitochondrial organelkof the muscle cell. Unlike haemoglobin that supploxygen to all
parts of the body,myoglobin is active withinmuscle groups only and therefore helps to

maintain oxygen supply to muscles durpeyiods ofoxygen deprivatiof’?

Because of thsebroad applicatios of iron, mineral deficiency in this population group is
therefore linked with not only the onset of anaemia and its related consequences like fatigue,
andreduced exercise endurartmat isalso associated with other adverse eBdike cardiac
dysfunctior®® and restless legs syndrofffewhich are suggested to be consequsnot
insufficient generation of cellular energy and oxygen shortage in myogloblin in the heart and

skeletal muscleg®.
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1.5 Interventions for improving nutritional status and body composition in
end stage renal disease

Multiple approaches are potentiadiffectivein preserving muscle and previeigtmalnutrition.
Providing adequate dialysis therapy is among thetegiies suggested as this will hopefully
reduce uremic toxin accumulation and hence mitigate the effacaefc toxicity. Studies on
haemodialysis have shown an increase in protein intake as dialysis dose (measured as Kt/V)
increased®® a relationship that remains at least uatlesirable Kt/\is achieve® "2 Hakim

et al?®%also found a significant improvement in nutritional &S {.e. serum albumirand

protein creatinine rationPCR) amongHd patients whose Kt/V increased to above 1.21

compared to thosehose 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 supplement&tidrEfforts made to minimize and treat uremic
inflammation, such as through dialysis prescription, e.g. short difysier
hemodéfiltration?*?2 compared to conventional HD, have the potential to counteract the
inflammation induced PEW. These may remtharequiremenfor ovelly restrictive diets in

maintenance dialysisatients leading to improved nutritional status

Controlling the metabolic disorders which occur alongside ESRD, such as diabetes mellitus,
is also important in preserving muscle m#ssNutritional supplementation through the
gastrointestinal route and even the parenteraler during dialysis (for patients who cannot
tolerate oral or enteral administration) have been shown to improve the nutritional status of
patients with overt PEW&**Anabolic 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 giadatior?*>?*¢Improvement in indices of nutritional status
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was indeed seen among haemodialysigptgintervenedvith nandrolone decanoatéich is

an androgen and anabolic steroid medicatfon

Studies have shown that physieativity amongstialysispatients may be very liited 248249

and this has been recognised to increase the
d i s %>k Bxercise interventis) particularly resistance trainingpave the potential to

tackle this andvavebeen shown to promote muscle growthselea mass and evén increase

muscle strengti®>2%3, Furthermore, intradialytic exercise tisought to counteact muscle

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

in secton 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
255258 NKF-K/DOQI?*® hasthereforer e commended t hat dialysis pa

regularly encouragedioncr ease their | evel of physical a

Different exercise modalities have been studied to date in particular those conducted during
dialysis sessions (intradialytic) or between two dialysis sessiutes dialytic?%%?®1 and these

have indeed been shown to be beneficial not only for the physical perfofitafatialysis
patients but also for their overall quality of fif& Intradialytic exercises, in particular aerobic
exercises, have been shown to improve blood circulation in the body and through the dialysis
circuit henceimproving dialysis clearanc&®, vascular healti® heart rate ariability?®® and

inflammation statl’S”.

The benefits of exercise (resigance training) also extend to improving body
compositiod°+2%8259 |n one stud$P®, 79 HD patients participated in lower extremity resistance

exercise intradialytic trainingising 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 coniied. Kopple et &% on the other hand, showed the beneficial effect

of exercise alone. In their study, an increase in lean body masslemmRNA 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 idiedytic exercisgorogranmeby Kirkman et af>!

in which 23 HD and 9 notHD patients were randomized to progressi@sistance exercise
training (PRET) consisting othriceweekly highintensity legpress exercises (three sets of
eight to ten repetitions at 8086 their predicted oneepetition makmum i.e.the maimum

weight that can be liftedne time with proper technig), vs. control (shaptherapy, consisting

of low-intensity bwer body stretching activitiesing ultralight resistance bandsr 12 weeks.

After this intervention period, theRET group showed significant increas in thigh muscle

volumeand knee extensor strendtn both HD and nofHD patients.

The haematological benefit of an esise interventionwas alsoproposed in a study by
Reboredo Mde et &l° . In this study, astatistcally significantimprovement in the Hb
concentration opatients with ESRDwvas observedollowing 12 weeksof 30 minutes of
intradialytic aerobic exercise on a cycle ergomptformed three times a weékhe author
suggested this increase in Hb mightaresult of an increase in the Kt/V that was also evident

after intervention period.

The incentre exercisprogramms (intradialytic andnter dialytic), although widely utilized

in studies, do come with challenges, most often organisational and suees i®lated to the

required equipment and personnel. The additional visits to the clinicanftr dialytic
exercisesprogrammg woul d be expected to be a barri

compliance to th@rogramms. Researchers have therefasoattempted to investigate the
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benefits and acceptability of easy to implement home exepizsgramms for dialysis
patients. Among the documented home based exguggamms is that by Manfredini et
alP™ which is a simple, personalized, laatensity, homebased walkingorogramme(20
minutes walking at low to moderate speed every second day)pfOgsammenas tested in a
6 months multicentre, randomized clinical trial@TE study) and was found to improve

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

Neverthelesshow the exercise training should be performed (intradialytimigr dialytic

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

to debate and there are currently no standard exercise recommendations for this patient group
In a randomized controlil by Orcy et af>® anexercise intervention approach that combined
resstance and aerobic exercig®vel 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, weproposé and testd a combined resistance and aerobierciseprogramme
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 erythrogtin hormone compounded lbypaired iron metabolism.
In addition, there are numerous other factorscbatributeto the onset angrognosis ofenal
anaemia, such as dialysigdeguacy, inflammation and nutritional status (includingrtioee
recently reported impact of body composition). The situation is particularly of concern for

those on haemodialysis due to the increased ribkoofl 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 responsivesass patients fail to reach theaemoglobin targetdespiteEPO
treatment. This is also the case for haemodialysis patients in Tanzania where clinical reports
have persistently indicated low haemoglolerels amongst patientsith 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 significancould be mediated in part by seeionomic

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

In particular ve do not know what specific factors are contributing to the situation among
Tanzanian patients as there are no publigieedrts on thisubject. This project therefore
investigate the association between marker of iron status thedsuggested contributory
factors for renal anaemiaitly a focus on nutritional factors (including body compaositidm),
orderto make recommaetations for potential interventions to improve anaemianagement
among thispatientgroup Currently, renal nutritionesvices are limited in Tanzani&Ve
anticipate that this work Wihelp raise awareness of thignificant role of nutrition in patients

care whilst also providing practical strategies to optimise their management.

The final stage of this project investigatthe feasibility of a low intensity intradialytic
resistance exercise combined with a home based flexible wadkiggamme It investigatel
whether such grogrammeis beneficial in improving body composition and ultimately

haemoglobin levels of HD patients.

If patientsare supportedo maintain optimal nutritional status amdprovether responseo

anaemia treatmesitthisconferslong termbenefits forpatients andhe health care system in
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general.There is potentiato optimisepat i ent s 0 t r e guanttgohdnaemia ed u c e
therapies required to reach clinical targets, reduce hospitalization rate and ithproyaality
of life. This will in turn helpto reduce the burdeto thehealth care systettny reducing the

costk associated with treatment and hospitalization.

1.7 Aims of the thesis

i.  Toinvestigate anadharacterize the nutritional status and other treatment outcomes of
adult HD patients in Tanzania atitht of UK and make comparison between the two
settings anavith recommended standards.

i. To study the association betweanarkers of anaemia, nutritional tatus and
inflammationamong HD patients on erythropoietin maintenance therapy.

ii. Totestthe acceptability @f low intensity exercise intervention (combining aerobic and
anaerobic exercise) and assesgnpact on different components of body compositio
di alysis adequacy and inflammatory statu

haemodialysipatientson erythropoietin maintenance therapy.

1.8 Project Hypothesis
We hypothesized that patients with better nutritional status (in particulagrimglscle mass)
would have a better response to anaemia treatmesillustrated bygreaterattainment of

desirable Hb levels among HD patients.

We also hypothesiziethat low impact exercise combining walking and resistance training
would help improve physial functioning, increase muscle mass tauilitate better responses

to anaemia treatment among HD patients.
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CHAPTER 2

2 A CROSSSECTIONAL 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 andsi increasingly recognised agbal health problenA metaanalysis by Hill et
al’’2found a global general CKD (stagé&)prevalence 013.4% andor stage 35 of 10.6%.
The author alseshowed regional prevalence of CKD and téblepreserd data for CKD stage
3-5. CKD epidemiological datéor developing countries is still scarce and of limited quality
and there is limited access to health care serindbese region. The available prevalence data

might well be underestimated.

Table2:1: Results from anetaanalysisshowingtheproportion of people with CKD ¢(8) in different
countries selected as regionalpresentative

Region #fNumber of participants APrevalence% (C.I)
S. Africa, Senegal, Congo 1202 7.60 (6.109.10)
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 (6.6313.49)
JapanS.KoreaOceania 298,00 11.73 (5.3618.10)
Australia 896,941 8.14 (4.4811.79)
USA and Canada 1,319,003 14.44 (8.52, 20.36)
Europe 2,169,183 11,86 (9.9313.79)

Adapted from a study by Hill et &2 ; #Number of people included in the analysis froamed countries
APercentage (Confidence interval) of those found with CKD5)3

Nevertheless, another naginalysisby Kaze et at’ showed the overall prevalence of CKD
in Africa to be 15.8% (4.6% for stages3. In this study, the author found regioniéferences
in overall CKD prevalence whetgy Western Africahad the greatest disease bur(iEn8%),
followed by central Africa (16.0%), Eastern (14.4%), Southern (10.4%) and lomeest

prevalence was in Northerrfrica (6.1%). The CKD prevalence in the Eastern Africa region
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where Tanzani& locatedseens to hold a significant position iboth, theglobal andAfrican
context Indeed, the available studies in Tanzania indicate the CKD prevaietieecountry

rangesrom 7% to 13.6%4

CKD representsa significant clinical and public healtbhallengeand tis is of concern
particularly in Tanzaniand other developing countries due to limited health facilfoes
dialysis and transplant technologies and the high cost associated with the tréaffinent
country hasonly eighthaemodialysis units and 10 nephrologisith a general population of
approximately60 million people The treatrants are costlythe cost for one dialysis session in
Tanzania is about 179 US dollars. This means a person undergoing the recommended three
times weeklyHD sessions needs around 537 US dollars for the dialysis alone per week,
excluding other related costich as transport and medications. According to the Tamzania
Employment andearning Suirvey of 2013, the average monthly wages were $147.79 and
$340.67 for employees from private and public sectors respeéfiv@lyThe highrelativecost

of treatment and therapies is likely to cause the majority of patients who start dialysis
discontine the therapy oto experiene inadequategherapy, so increasing the risk for early

mortality due to uremic complications, comorbidities and matirrP.

2.1.1 Nutrition in management of dialysis patients
Malnutrition including muscle wasting is a common problem and of concern particularly
among patients on dialy$f owing to metabolic changes associated with izesgndrome
98100221 djetary restriction and protein kes on treatmerit®. The pathophysiology of PEW is
describedn section1.3.1 Malnutrition has been associated with poor treatment outcance
increased mortality among ESRD aH® patient$3%?”’. For this reason, it is gfaramount
importanceor nutritional management to be providadcconjunction with dialysis fooptimal
treatmentoutconsa nd t o maxi mi s e pRdlysiepattestsdneeqd tohdve t y o

adequate energyQi 40Kcal/ kg/day and protein (aleastl.2g/kg/day intake **13° anda
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balanced intake dfuits and vegetable to supply them with important nutrients, minerals and
dietary fibre whilst avoiding excess potassiur®ptimal dietary practicesand nutritional
interventionshavebeen found to improve the nutritional stat8suremic symptont$®, bone

health?®® and haematological statéf8®2 of HD patients.

Nevertheless, the need to limit dietary phosphate and potassiikaly to compromisehe
food intake 6these patientsncreasing the risk of nutriti@inadequac$?®. Expert nput from
renal nutrition professionals/digtins isthereforehighly desirable to help patients meet their

nutritional needs whilst maintaining théilood biochemistryvithin acceptable ranges

Based on practical experience there has been a consensus that there should be approximately 1
registered renal dietitiaqper 100 maintenance dialysis patients, and that the ratio should not
exceed 1:158% A patient would expect to have a consultation with a dietitian in the pre
dialysis (low clearangeperiod and immediately after starting dialysisth 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 dign/nutritionist and few
nephrologists/pysicians with those that are employed on the ualteady overburdened with

other clinical rolesand unlikely to have the time or expertis@tovide comprehensive dietary

advice and monitoringp HD patients Although there arao nutritional data sp#ic for renal

patients the undernutrition prevalenaeportedamong young childrerf14%), adolescents

(18%) and women of reproductive age (10fhhe countryas presented by USAHEP might

give us an indication of what the situation is likely to betfimse withrenaldisease.

It is unfortunate that Tanzanikke many other African countries, lacks national registrees
recordthe incidence, prevalence and general care and treatment ositifgragients with renal
failure. Such information is crucial not only for the evaluation of care practices and health

outcomes of patients, but also for planning intervenpi@ygramms to improve patient care.
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Set against this soceconomic and clinical backgrounidhis crosssectional study obsersie
the nutritional status and biocheal profile amongadultswith CKD and onHD in selected
renal units in Tanzania and compatieese firstly with recommended standards astondly

with the practices imrenal unit in the south of England.

Table2:2represerd the recommendestandard$or some of thestudyparametersaken from
different available clinicapracticeguidelines. Thesaere used as reference standards for

comparison with the observed valdesn thestudy.

Table2:2: Recommended levels of the biochemical peaters in renal patients on haemodialysis and
their reference sources

Parameter Recommended Guideline sourced

(pre dialysis serum) Value/ranges

Albumin (g/l) 40286 EBPG on Nutrition: Guideline 2.1(F)

Adj calcium (mmol/l) 2.27 2.5t UKRA,CKD-MBD Guideline 2.2

Sodium (mmaol/l) 135- 14587 NKF, Hyponatremia web resources

Phosphate (mmol/l) 1.17 1.7 UKRA, Clinical guideline on
Haemodalysis: Guideline 6.5

Potassium (mmol/l) 4.07 6.0t UKRA, Clinical guideline on
Haemodialysis: Guideline 6.4

Haemoglobin(g/l) 100-120'"4 UKRA, Clinical guideline on

Haemodialysis: Guideline 6.8

EBPG= European Best Practice Guidelines on Haemodialysis; UKRA = U.K Renal associatiorMB{D= Chronic
Kidney Diseasdlineral bone disorders

2.2 Aim and objectives
2.2.1 Aim

To characterise thautritional status and biochewal profile of Tanzania adultswith CKD
treated with haemodialysis atal comparghesewith recommended standards amith data

from HD patientdreatedn the Southof England.
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2.2.2 Specific Objectives

I.  To develop alata collectiorproformawhich 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 Tanzaamand UK to condct thestudy

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 ah 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 studyutilised datathatver e r et rospectively extracted
three time pointsacross threelinical settingsin two countriesIn the UK, thisstudywas
classified as an audit since new data were collected apart from those in clinic néx@and
for this reasonethical approvalvas not requiredn contrastthe Tanzanian clinic classified

the study a resear@ndthereforgthe study went througthe localethics review process.

2.3.1 Ethical considerations
The study protocol was submitted to thenids involved for review and approval. The study
received approval from both Tanzam@inics andthe UK (SeeappendixX2 and3 for Tz ethics
certificateand UK approvalletter respectively). For confidentiality, clinical ID numbers or

file numbers (for Tz) were used instead of
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2.3.2 Participants and recruitment strategy
The study involved patients who had been receiving HD for at least six nmomtsdialysis
clinics in Tanzania (Access and Muhimbili) and eight satellite @s$®ciated witlone renal
unit in the South of England{ueen Alexandraospital) Assumed to beepresentative dijK

HD management

For Tanzania (Tz), all patients that were receiving HD at the Access (n=45) and Muhimbili

(n=51) renal units at thtame of study were eligible foinclusion intothe study

At the point of thestudy, 506 patients were receiving Hizrossthe eight diffeent satellite

units of Queen Alexandré&lospital. A list of all satellite patients was obtained and evéry 5
patient in the list was selected to make up a desired sample size @bb@ifarable withthe
Tanzania sample size)The total study sample wetgerefore 19 HD patients, chosen on the
basis of time and resources. However, availability of data varied across different parameters,
hence a total sample below 7L.%vas retuned for most parameterwith the Tz sample

consistently having more missing d&vathe parameters investigated.

2.3.3 Data collection
Biochemical results were extractéar threeconsecutive month@®ver the preceding six month
period) and were recorded fronmdividual files retrieved fromhospital database The
proformaincluded thefollowing biochamistry values thatmeasure kidney function and
treatment outcomepreand postialysis serum creatinine and urea;-gralysisalbumin, G
reactive protein (€RP), parathyroid hormone (PTH)icarbonateadjusted calciumsodium,
potassiumphosphate, haemoglob{ilb). As standard procedui@ minimize confounding
effect of pat i efartbathdclinitsy blaoc sampeior merithly testsvere
drawn and analysed on the mid dialysis day of the week (i.e Wednesdays for thasaglialy

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 arsisdiayrs per

week. The proforma used is presented in Appeadix

2.3.4 Data management and analysis
Data wereentered into an Excel sheet at the point of collection and transfer@d foSPSS

version 22 for analysis.

Data wereassessed for normality and descriptive statistics were perfoiDagawere then
presentedispercentage mears (SD) or mediaa (25", 75" percentil¢ asappropriateAs data
were not normally distributedfFriedmaris test was used tonvestigate differences in
parameters across three time points and Mahiiney U test for the differences between two
settings at each time pointhi-squared analysis was performed to assessasbeciation
between categorical variables, for exampl® setting (& vs UK) andachievement of
recommendations (above recommendations/ meeting recommendations/  below

recommendations) for each of the parameters at measurement time point 3.

Non-parametric dtaweretransformed usinthetwo-step transformation method descdb®y
Templetod®®t o al |l ow application of paiwamédtmi cudt &t
ANOVA also called spliplot ANOVA (SPANOVA) wasthen performed to study the
combnedeffect of time and HD settingSPANOVA was alsoused to study the effect of HD

setting and gender on each parameter at measurement time point 3.
Level of significance was set abp05 in all analyses

2.4 Results
2.4.1 Demographic characteristics

The study involved 197 patients (JZ =96 and UK n =101). Male patients outhnumbered

female in both settings as seen in Figeue More than 60% of all patients were male.
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Figure2:1: Distribution of study participants according genderin the twoHD settings

The age of UK patients ranged from 26 to 89 years withdiang2%", 75" percentil¢ of 68
(57, 78) years. Thie was no significant age difference betwésmde participantdmedian
(25", 78" percentiles) 68 (60, 78) year$ or male (median (2%, 75" percentiles) =68 (55,
78) years, p = 0.7 Unfortunately, the ageof Tz paticipantswas notroutinelyrecorded and
SO no crossountry age comparison could be maélethe time of this studgll Tz participants
werereported to beeceiving astandardf 12 hours of dialysis pereek whilst haemodialysis
hoursfor UK participantsrangel from 8 to 13 hourper week with a median (95 75"

percentilg 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 availableliictcomparison between UK ana T
counterparts. These were serum creatinine, urea, albumin, calcium, sodium, potassium,
phosphate and irgmll of which wergecorded at three time points. Thareno recommended
standards for serum creatinioeurea as these are measured and routimelyitoredpre- and
postdialysis as a marker dialysis clearance rather than for makiogmparisons with

standards.

2.4.2.1 Gender effect on studied biochemical parameters
Descriptive statisticshowed that the gender imbalance occurred irrespective of setting

(figure 2:2). Split-plot ANOVA (SPANOVA)wasthenconducted to study if thergasany
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gendereffecton each of the studies parameter actbsthree time pointen a sample
combining both UK and TZ patientResults showed that there was no gender efbecrfy
of the parameters except for serum creatinine and urea. Males had significantly higher urea

and creatinine levels (figutz2(a) and (b) respectively). Thigas independent of time point
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Figure 2:2: Split-plot ANOVA analysis results showing #féect of gender (mal@ = 123;female n= 74)
across three time point measuremgnt®nth 1, month 2, month 8h mean pralialysis (a) Urea, (b)
Creatinine, (c) Abumin and (d) Phosphate levelsvd setting (Tzand UK)combined The ddted linesshow
therecommended rangdor parametersaccording to thaJK Renal Association guideline and European Best
Practice Guideline on NutritionError bar represent 95% Confidence Interval
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Figure 2:3: Splitplot ANOVA analysis results showirtgeteffect of gender (male= 123, female n= 74)
across three time point measuremgm®nth 1, month 2 and month@&) mean pralialysis (a) Sodium, (b)
Calcium, (c) Potassium and (d) Haemoglobin levé&lsp settings{zand UK) combined; The ded lines are
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Practice Guideline on Nutrition; iEor bars repesent 95% Confidence interval.

2.4.3 The summary of biochemical parameter values at three time points and
their comparison with recommended standads

The median scores for most parametexsept br albumin and haemoglobin concentragpn
were found to be within the recommended levels at all three measurement time pblats (t
2:3). Haemoglobin concentration wesignificantlybelow the safe levdbr Tz HD patients at
all three time points where as albumin levels were significdmiver than the required level

for participants in both settingd all three time point@able2:3).
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Table2:3: A summary of prelialysis biochemistry measures for U.K and Tz HD patients at three time points (month 1, month 2 and month 3)

Tanzania U.K
Time Parameter n median 25", 75" N median 25", 75" Recommended Source
point percentile Percentile range/value
Mth Creatinine (mmol/l) 78 797.1 578.0, 1078.3 98 664.0 500.2, 804.5 N.A
1 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* 292 35.3 40 EBPG on NutritioR%®
Adj calcium (mmol/l) 72 2.2 21,24 97 2.3 22,24 22125 UKRA, CKD-MBD guideling™
Sodium (mmol/l) 78 135.0 132,139 98 137 135, 139 1357 145 NKF, Hyponatremia, web resouré&s
Phosphate (mmol/l) 74 1.4 1,18 98 1.5 12, 1.7 1.17 1.7 UKRA, Clinical guideline on HB**
Potassium (mmol/l) 76 5.2 45,6.0 97 4.9 44,54 4.07 6.0 UKRA, Clinical guideline on HB*
Haemoglobin(g/l) 78 82.0**  75.7,106.0 98 113.0 103,121.3 100- 120 UKRA, Clinical guideline on HB*
BMI (kg/m?) N.A 101 26.2 23.1,30.4 O 23 EBPG on NutritioRg
C-RP (mg/l) N.A 83 8 4,27 <5 NKF-KDOQI?
Mth Creatinine (mmol/l) 82 893.5 626.5,1108.1 98 631.0 512.0, 794.3
2 Urea (mmol/l) 81 18.5 13.3,245 98 16.8 13.6,20.1
Albumin (g/1) 64 38.0**  33.0,40.8 98 32.5%**  29.0, 35.3
Adj calcium (mmol/l) 75 2.1 2.0,23 97 2.3 22,25
Sodium (mmo/l) 81 137.0 134.0,139.0 98 136.0 134.0, 139.0
Phosphate (mmol/l) 78 15 1.0,2 98 1.5 12,18
Potassium (mmol/l) 80 5.2 45,5.6 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/m?) N.A 101 26 23, 30.5
C-RP (mg/l) N.A 90 11.5 4,20.3
Mth Creatinine (mmol/l) 87 860.0 637.0,1201.0 98 662.5 526.8, 788.3
3 Urea (mmol/l) 83 175 12.3,24.6 98 16.6 13.6,20.1
Albumin (g/1) 67 37.0** 35.0,41.0 98 33.0%**  29.0, 35.3
Adj calcium (mmol/l) 79 2.2 20,23 97 2.3 22,25
Sodium (mmo/I) 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 12,2
Potassium (mmol/l) 83 4.7 41,55 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/m?) N.A 101 23 23,30.2
C-RP (mg/l) N.A 95 9 4,21

***gignificance difference between patients score and recommended value, P <&@fificance at P< 0.01.0ne sample Wilcoxon signed rank td$tA, data or valuaot available;
EBPG = European Best Practice Guidelines on Haemodialysis; UKRA = U.K Renal associatioAylBRE= Chronic Kidney Diseasblineral bone disordersNKF, National Kidney
Foundation; HD, HaemodialysikDOQI = Kidney Diseas®utcome Quality Initiative
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2.4.4 The combined effect of time and HD settings The mixed between and
within analysis
The splitplot 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 telsen the two HD

settings, specifically that Tz HD patients presented with higher levels of urea and creatinine

than their U.K counterparts (figuBe6(a & b)).
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Figure 2:4: The combined effect of measurememetiand HD setting for mean (a) urea and (b) creatinine
levels according to SPANOVA analygistor bars represent confidence intervals

There was no time or tiragetting interaction effect on urea level but on creatinine a significant

time effect wa®observed. The levels increased from time point 1 to time point 3.

There was also a significant effect of HD setting on albufiigure 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 timsetting interaction effect on albumin levels but a significant time
effect on potassium (F (?2Q.10)8h% Jevels de@eased fromp =<0 .
time point 1 to 3. There was also a significant tse#ting interacon effect F (2,165) = 4.5,

p=<0. 00 1%=0.013) ontpotassiumE
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There was no significant effect of HD setting on phosplfagare 2:7¢)) or sodium (figure

2:7(d)) levels. No time or timsetting interaction effects on phosphate levels were olikerve
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Figure 2:5: The combined effect of measurement time and HD setting for mealb(ajin, (b) Phosphate, (c)
Potassium and (d) Sodium levels according to SPANOVA andtysis.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.@0, p a?r=0.06p ITher& was also a significant tisetting

interaction effect (F ?6®07164) = 6. 43, p=0.00
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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 analygisror bars represent confidence intervals

A significant effect of HD setting on calcium (figu2eB(@)) and haemoglobin @ure2:8(b))

levels was observed. There was no time or t&@tting 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 tse#ting interation effect on haemoglobin levels

(F(2, 170) = 19. £601186. p < 0.001, partial E

2.4.5 Proportion of patients within, below and above recommended standards
by settingsfor time point 3 measurements

Because there was no significant difference on paramateoss 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 settiagpigh proportion of paicipantsin each setting had
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albumin levels below recommendatsooriowever, T paticipantswere significary better off

as compared to their UK counterpartg (X, n=165) = 24.28, p < 0.001) #s proportion of

paticiparts with acceptableserum albumin levels/as higher (29.9%versus 2% see figure

2:4(a))
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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
** *gignificart association between setting and achievement akettmmmendationB < 0.001,Chi-squaretest

2.4.5.2 Haemoglobin

ConverselyUK participantshad significantly ktter haemoglobin status than daunterparts

(X2% (2, n=190) = 68.58, p < 0.001).

More than 71% of Z participantswere found to have haemoglobin levels below the

recommended range while more than half (58.2%) ofgaMicipantshad levels wthin the

recommended range (see figard(b)). The UK had also higher proportion of patients (26.5%

Vs 3.3%)with Hb concentratiomabove the recommendations.
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Figure 2:8:Proportion of participants in Tz and U.K settings with below, within and above normaffciatr
(a) phosphate (b) Adjusted calcium, (c) potassium and (d) saatitine third time point.

*** Significant association between settings aachievement of reenmendation® < 0.001; ** Significart
association aP < 0.01; *Significart association aP < 0.05: Chi-squaretest.

2.4.5.3 Phosphate

The UK setting had a higher proportion of patients with phosphate levels within the normal
range compared toZl{49.0% and 32.5% respectively). The two settingsdraamost equal
proportion of patients (& 33.8%, UK: 34.7%) 6ee figure 2:5(a)) whose phosphate levels
were above recommended standards.

Although the differencen median phosphate level betweentie settingsvasnot significant

(see tabl:4), when paticipants levelsvere classified according to recommendations (below,
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