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Abstract

The Nutritional Care of Children and Young People with Chronic Kidney Disease
Matthew James Harmer
Chronic kidney disease (CKD) has a complex relationship with nutritional status. Children and young people
with CKD have poorer nutritional status than their healthy counterparts. This may have an irreversible, negative,
lifelong impact (1). This thesis explores how current clinical practice can characterise the clinical and nutritional
status of children and young people with CKD, and proposes a relationship between disease severity, nutritional
status, clinical outcomes, and disease activity.

A cross-sectional study reporting the growth data of children and young people attending a paediatric
nephrology service found that short stature (height standard deviation score (SDS) <-2) and obesity (body-mass
index SDS >2) were prevalent (10% and 12%, respectively), and variation not explained by disease severity
alone.

A novel systematic framework approach to examining the literature was developed and when applied
demonstrated the limitations of the published evidence on vitamin and mineral requirements in CKD to inform
clinical decision making and management. What evidence that does exist is at high risk of bias. Application of
this framework may be used to develop a more structured approach to management of micronutrients in CKD.

A cross-sectional study nutritionally characterising a cohort of 60 children and young people with CKD
revealed variation of anthropometry, dietary intake, and blood concentrations of nutrients. Dietary intake
assessment using current practice suggested that many children are at risk of nutritional inadequacy but was not
supported by biochemical measures, which for the majority lay within the normal reference range. The
exceptions were elevated concentrations of vitamins A and E.

Appetite was explored in this cohort through the development of a novel structured patient questionnaire that
offers a broader and more complete characterisation of appetite. Using this approach revealed that self-reported
appetite was poor in 25% of the cohort.

Poorer health-related quality of life (HRQoL), as assessed by a validated questionnaire (PedsQL) was reported
in the cohort and was associated with poor nutritional status as marked by height SDS, and appetite. This
association strengthens the importance of nutritional status as an important metric for patients.

A time-limited trial of a novel vitamin and mineral food for special medicinal purposes was poorly tolerated,
but in those children who adhered to the intervention was associated with changes in blood concentrations of
micronutrients, including selenium.

Finally, two putative markers of disease activity were explored. The distribution of red cell distribution width
within the cohort was similar to that of a healthy population, and did not show any association with disease
severity. RDW was negatively correlated with weight and mid-upper arm circumference, which may suggest a
relationship between acute nutritional status and/or muscle mass. Urinary neutrophil gelatinase-associated
lipocalin (UNGAL) was demonstrated to be elevated, and a predictor of kidney disease progression at 12 months
compared to protein-to-creatinine ratio. An association with uUNGAL and plasma selenium and vitamin B12
concentrations was observed that may mark a possible underlying mechanistic understanding of micronutrient-
kidney disease interactions.

Herein, it is demonstrated that there is variability in nutritional status, appetite, health-related quality of life, and
proposed markers of disease activity that are not entirely explained through variation in disease severity. As
current approaches routinely applied in clinical practice may not adequately describe the nutritional state of
children with CKD, there may be value in introducing a more structured approach to nutritional management of
CKD.



“But I know all about love already. I know precious little about the
kidneys” — Aldous Huxley, Antic Hay.
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1. INTRODUCTION
There is a complex inter-relationship between chronic kidney disease (CKD) in children and young people and
the extent to which their metabolic demands for energy and nutrients may be satisfied-their nutritional status.
Nutritional status may be directly impaired by the disease process, through poor intake, or increased losses, or
iatrogenically through treatment. At the same time, poor nutritional status will impact the disease process and
growth. Although well recognised as an important factor in the clinical care of children and young people, there
continues to be a limited evidence base for recommendations regarding their nutritional care. Children and
young people with CKD, despite significant input from the multidisciplinary team (including highly specialist
paediatric renal dietitians), are reported to have poorer nutritional status than their healthy counterparts, and this

poor nutritional status may have an irreversible, negative, lifelong impact; including poorer growth outcomes (1).

Current guidance (2) aims to maintain optimal nutritional status, with a normal pattern of growth and body

composition through regular expert assessment and individualised care.

It is incumbent upon healthcare professionals with the mantle of care of this vulnerable patient group to strive for

improvement.

This thesis explores the clinical utility of the approaches currently used to characterise the nutritional status of
children and young people with chronic kidney disease in a tertiary care setting in order to critically examine

how this information may inform clinical management. This characterisation encompasses several elements:

growth of the child/young person;
dietary intake;

anthropometry;

biochemical status;

appetite;
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an overall appreciation of the quality of life of the child;

Each of these elements separately and together may be used to determine the extent to which the metabolic
demands for energy and nutrients are met. They may be explored in different ways each with varying rigor and
differing inference and interpretation — with the most rigorous interrogation limited to specific research
methodologies. They offer an ability to determine a nutritional assessment. It is only through examination of all
these elements together with disease severity that a true representation of the individual child/young person can
be summarised, and a nutritional diagnosis can be made; including the current nutritional status and risk of
under-nourishment determined. Therefore, this thesis considers each of these elements, and their relationships to

each other.
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Figure 1. Conceptual framework for the relationship between disease, nutritional status and outcomes.

The proposed interaction between disease severity, nutritional status, and clinical outcomes in children
and young people with chronic kidney disease. Each category may be captured in myriad methods each
with its own advantages and limitations. Due to this, this thesis will use a number of measures for each
category. Abbreviations: GFR — glomerular filtration rate; HRQoL — Health-related quality of life;
UPCR — urinary protein-creatinine ratio.

This thesis proposes a relationship between disease severity, nutritional status, and clinical outcomes (see Figure
1). Children and young people with CKD may grow poorly. Whilst the degree to which growth is impaired is
generally related to the severity of the disease (in that those with severe disease are shorter than those with
normal renal function (3)), the extent to which the demand for energy and nutrients are met may also play an

important part in determining the pattern of growth and progression of disease.

Poor intake, together with unusual losses and increased demands, may develop directly from the
pathophysiology of the disease process, but may also develop indirectly as a result of clinical management. In
clinical practice, those children and young people with the most overt clinical presentation of under-
nourishment, usually those with the most severe or advanced disease are referred for nutritional intervention or

are recruited into research studies.

Our approach to the nutritional management of children and young people with CKD is constrained by our lack
of understanding of i) how the disease process, and its treatment, impacts on their requirements for energy and
nutrients at different stages of the disease process and what they eat, ii) our ability to determine in routine

clinical practice the extent to which the demand for energy and nutrients is satisfied, and iii) the extent to which
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differences in nutritional state impact on growth, progression of disease and the quality of life of the child or

young person.

Current nutritional management is dependent on identifying the child or young person at risk of
undernourishment. This is largely dependent on obtaining a history, clinical examination and measures of height
and weight, and subjective assessments of appetite and dietary intake based on recall. There are few biochemical
measures relating to nutritional state that are used in routine practice, although some consideration may be given

to iron status, vitamin D (calcium and phosphate), sodium and potassium.

Guidance on how best to identify those at nutritional risk and their management is limited. Current clinical
practice recommendations regarding the nutritional care of children and young people with CKD have been
composed by KDOQI (2). The guidance recommends review of energy and nutrient intake, regular height,
weight and body-mass index assessment with the identification and treatment of nutritional inadequacies and
metabolic derangement (such as metabolic acidosis). Specific nutritional management is limited to the assurance
of adequate energy (defined as 100% estimated energy requirements); protein (defined as 100-140% dietary
protein intake depending upon disease severity), and vitamin and mineral intake through diet with or without
supplementation. Although serving as an initial starting point for clinical care, there is a lack of granularity in the

recommendations of how these elements are assessed over and above estimation of dietary intake.

Taken together, improvements of the management of the nutritional aspects of CKD in children and young
people requires a deeper and more complete characterisation of the nutritional needs of those with this condition.
There is a particular need to study those with mild-moderate disease severity who have less overt signs and

symptoms of nutritional deficits where we know so little.

The thesis additionally introduces the concept of disease activity as an additional actor within this relationship
(see Figure 2). Current practice of determining the severity of disease is by measurement or estimation of the
filtering capacity of the kidney; glomerular filtration rate (GFR). Although there are several methods to measure
this, each with its own advantages and limitations, GFR remains only one aspect of renal function - the ability of
the kidneys to filter, and only reflects the function of the kidney, not the underlying disease activity of CKD. As
such, it tells us little about real-time changes in physiology due to the acquisition of complications associated
with CKD or any medical intervention, or prognosis concerning progression of disease and deterioration of
function. There is a common disease activity within the injured kidney that leads to the progressive fibrosis and

loss of function, even once an initial insult has been removed.

There is a need to explore how this disease activity in children with CKD is related to physiological processes in

order to better map the pathophysiology; including the interplay between nutrition and the disease processes.
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Figure 2. Conceptual framework for the relationship between disease, nutritional status, outcomes, and
disease activity.

The proposed interaction between disease severity, nutritional status, clinical outcomes, and disease
activity in children and young people with chronic kidney disease. Within the thesis, the concept of
disease activity will be explored with two putative markers: red cell distribution width and neutrophil
gelatinase-associated lipocalin.

This thesis takes a systematic approach to explore the structure and processes of the nutritional care of children
and young people with CKD to explore the variation within these four concepts. To facilitate this, the thesis
explores each of the above elements of nutritional status within a group of children and young people with CKD

and reflect on the following research questions:
® \What variation exists in nutritional status in those children and young people with CKD?
® \What variation exists in the outcomes in those children and young people with CKD?
® What variation exists in the disease activity in those children and young people with CKD?

® How does the variation in these above concepts relate to disease severity; is there variation within these

that are not fully explained by the variation in disease severity?

® What markers of nutritional status are associated with poor growth as defined by HtSDS<-2 and/or
HtVelSDS<-2 in children and young people with CKD?

® \What associations are there between well-being and nutritional status and children and young people
with CKD?



1.1. CHRONIC KIDNEY DISEASE IN CHILDREN

Chronic kidney disease (CKD) is defined as abnormalities of kidney structure or function, present for 3 months
or more, with implications for health (4). CKD is classified based on cause, glomerular filtration rate (GFR)
category, and albuminuria category (4). It is a condition of irreversible kidney damage with progressive loss of
kidney function that can progress to end-stage kidney disease at which point the roles of the kidney need to be as

completely as possible replaced by medical intervention; including by dialysis.

The severity of CKD is graded depending upon the filtering function of the kidneys as assessed by glomerular
filtration rate (GFR). Patients can subsequently be categorised into stages, the definitions of which are in Table

1, below, and apply throughout this text.

Table 1. KDIGO classification of CKD stage (4).

CKD GFR Description

Stage (ml/min/1.73m?)

1 >90 Normal or high

2 60-89 Mildly decreased*

3a 45-59 Mildly-to-moderately decreased
3b 30-44 Moderately-to-severely decreased
4 15-29 Severely decreased

5 <15 Kidney failure

5D In receipt of dialysis In receipt of dialysis

In the absence of kidney damage, neither GFR stage 1 or 2 fulfil the criteria of CKD. *compared to
young adults.

There are many causes of CKD. Congenital causes including congenital anomalies of the kidney and urinary
tract (CAKUT) and hereditary nephropathies represent around two-thirds of children with CKD, and these tend
to progress more slowly than acquired glomerulonephritides (5). Thus, those with the most severe disease (end-
stage kidney disease, ESKD — defined as a GFR <15ml/min/1.73m?, or in receipt of dialysis) have an over-

representation of the faster-progressing glomerulonephritides.

Chronic kidney disease is becoming a worldwide epidemic with a prevalence 13-4% (10-6% in stages 3 to 5) (6).
Within the paediatric population, the incidence and prevalence of CKD is increasing with a European incidence
of stage 2-5 between 8-12 per million age-related population (pmarp) (5). Both the incidence and prevalence of
those on renal replacement therapy (RRT) has doubled over a five-year period (7). In the UK, the prevalence of
ESRD in those <16 years of age is 64.1pmarp (8). There is no UK data available of the number of children with
non-ESRD CKD.

As in the adult population, in childhood CKD is associated with many complications and increased mortality (9);
the leading causes of death being cardiovascular disease and infection (representing up to 40% and 50% of
deaths, respectively) (5). The prevalence of complications of CKD including anaemia, hypertension, vitamin D
deficiency, metabolic acidosis, hyperphosphataemia, hyperparathyroidism, malnutrition and mental health

problems increase with disease severity (4).



Although progression of disease, with deterioration in kidney function is currently inevitable, the clinical course
that an individual child makes is highly variable with varying rates of disease progression (10). The rates of

progression to end-stage disease depends upon several identified risk factors, and likely many unknown (10).

The aetiology of the kidney injury affects progression of kidney disease, with those with glomerulonephridities
progressing at a faster rate than those with congenital disorders (5). Low birth weight is associated with lower
nephron number (11). Genetic variation may also increase susceptibility to and rate of progression of CKD as

several genetic loci have been identified in the adult population (12). These risk factors are non-modifiable.

The most well-recognised modifiable risk factors are hypertension and proteinuria (5), but obesity is increasingly
becoming more recognised in the paediatric population. Other variables, such as anaemia, and
hypoalbuminaemia require prospective studies to confirm their effects seen in retrospective analyses in children
but have increasing evidence in the adult population.

Although there are associations with markers of nutritional status, such as height with disease progression (13),
the optimal nutritional assessment and management strategy for children and young people with varying severity
of CKD is unknown.

1.1.1. Pathophysiology of CKD

Though the aetiologies, and therefore initial mechanism by which the kidney is injured, of CKD are highly
heterogeneous, due to the close relationship of the different elements of the nephron and the shared vasculature,
an injury in one part of the nephron is often an injury to all. There is a common pathophysiological pathway of
the progression of CKD with glomerulosclerosis and tubulo-interstitial fibrosis (see Figure 3) (14). Table 2
(below) outlines the potential damages and resultant consequences at different sites along the nephron. The exact
mechanisms and pathways that by which kidney fibrosis is initiated and propagated is not fully understood, but
is thought a combination of oxidative stress, inflammation, epithelial-to-mesenchymal transition (TEM),
apoptosis, and extracellular matrix (ECM) deposition excess (15, 16). Following an initial injury, there is a
common pathological process to the tubule-interstitial fibrosis and progression of disease. A decrease in the
number of functioning nephrons leads to increased single-nephron GFR (snGFR) to compensate. The increased
work of the nephron (including reabsorption within the proximal tubule) results in increased oxidative stress and
activation of the renin-aldosterone-angiotensin system (RAAS). RAAS activation creates a positive feedback
loop, increasing snGFR, but also increases expression of transforming growth factor-p which is a promoter of
TEM and ECM deposition. Oxidative stress promotes inflammation that also drives fibrosis. The expansion of
the ECM leads to capillary rarefication and local ischaemia resulting in further injury and oxidative stress (15,
16). The degree to which nutritional status; including availability of vitamins and minerals, impacts upon the

development and progression of these pathological processes is unclear.



Table 2. Pathology observed in CKD in the different parts of the nephron (14).

Damage Consequences

Glomerulus Intra-capillary hypertension (e.g., in e Diminished production of growth factors;
adaptation to increase GFR); e  Altered cell-matrix interactions;
Immunological injury; e  Expansion of mesangial matrix and
Metabolic injury (glucose, lipids, basement membrane;
paraproteins); e  Proliferation or loss of mesangial and
Genetic defects (e.g., Alport’s endothelial cells;
syndrome; nail-patella syndrome). e  Changes in podocyte biology;

e  Loss of podocytes;

e  Altered permselectivity and proteinuria;

e  Reduction of glomerular capillary area
and blood flow.

Tubule Toxic or metabolic (glucose, lipids, e  Endoplasmic reticulum stress;
filtered proteins, complement, e  Generation of ROS;
cytokines); e  Generation of mediators of inflammation;
Ischaemia/hypoxia. e  Altered generation of cytokines and

growth factors;
e Change in ECM turnover;
e  Generation of DAMP molecules;
e  Activation of TLR’s;
e  Epithelial-mesenchymal transformation;
e  Tubular epithelial apoptosis;
e  Tubuloatrophy.

Peritubular Toxic or metabolic (glucose, lipids, e  Endothelial cell apoptosis;

Capillary filtered proteins, complement, e  Capillary rarefication;
cytokines); e  Fibrosis
Immunological injury;

Delivery of pro-inflammatory
cytokines from glomeruli;
Ischaemia/hypoxia secondary to:
decreased post-glomerular blood flow
or interstitial fibrosis;

Loss of endothelial growth factors;
Generation of pro-apoptotic factors by
infiltrating leucocytes.

Interstitium Toxic or metabolic (glucose, lipids, e  Generation of mediators of inflammation;
filtered proteins, complement, e  Generation of profibrotic cytokines;
cytokines); e  Activation of resident
Immunological injury; monocytes/dendritic cells;
Ischaemia/hypoxia secondary to e Infiltration and activation of inflammatory
capillary rarefication. cells;

e Infiltration of bone marrow derived
fibrocytes;

e  Fibroblast activation and proliferation to
myofibroblast;

e  Altered matrix turnover and fibrosis.

Abbreviations: DAMP — Damage Associated Molecular Pattern; ECM — Extracellular Matrix; GFR —
glomerular Filtration Rate; ROS — Reactive Oxygen Species; TLR — Toll-like receptors. Modified from:
Schlondorff, 2008(14).
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Figure 3. Pathophysiology of disease progression in CKD.

Following an initial injury, there is a common pathological process to the tubule-interstitial fibrosis and
progression of disease. Following decreased nephron number, the increased work of the nephron results in
increased oxidative stress and activation of the renin-aldosterone-angiotensin system (RAAS); creating a
positive feedback loop. The expansion of the extracellular matrix leads to capillary rarefication and local
ischaemia resulting in further injury and oxidative stress. Adapted from reviews (15, 16).

1.2.  GROWTH IN CHILDREN WITH CKD

The assessment of growth is fundamental to paediatric care, as growth characterises childhood, and is the only
timeframe in which this takes place. As such it is often the first assessment that a child or young person has on
their attendance in the out-patient setting. Measured height in children and young people with CKD is lower than
healthy peers (3, 17-21). A number of both potentially modifiable and unmodifiable factors have been associated
with poor growth in CKD; including aetiology of disease, age of onset of disease, medical therapies (including
steroid use), and suboptimal nutrition (22). Poor growth is important both as an outcome (as it relates to final

adult height), and additionally is associated with increased mortality (23, 24).

Catch-up growth has been demonstrated in those in which some of the metabolic stressors and demands of CKD
have been removed (i.e., in those that have undergone kidney transplantation, or with improved nutrition) during
childhood (17, 25). Unfortunately, this catch-up growth is not universal, and final adult height remains lower

than healthy peers in those that have undergone transplantation (3).



1.2.1. The usual pattern of growth
As depicted in Figure 4, linear growth (gain in length or height) of humans postnatally as characterised by
height-against-time consists of three curves that represent the three stages of growth. These stages are infancy,

childhood, and pubertal and, thus the model is known as the ICP model (26).
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Figure 4. Graphical representation of the usual postnatal growth pattern of trajectory in humans (the
‘ICP-model’)) - from Kalberg et al, 1989 (26).

1.2.2. Foetal/prenatal

Prenatal growth is the most rapid phase of growth that starts with fertilisation of a single cell, and reaches, on
average, 51cm length, 3.2kg term neonate (27). Embryogenesis occurs within the first trimester, and the second
trimester brings the peak foetal length velocity of 2.5cm/week (28). Prenatal growth is mainly affected by
placental function and its supply of blood and nutrients to the developing foetus, although genetics and hormonal

function of the foetus also exert influence albeit to a lesser extent (29).

1.2.3. Infancy

In the first year of following birth, growth is rapid but there is a steady decline of growth velocity; halving over
these 12-months (26). Nutrition is the most influential factor on growth in the infantile growth period (30).
During this period of growth, extending up to about 3 years of age, intrinsic factors exert their influence and
there is often catch-up and catch-down growth; finding a height centile that more closely reflects final adult
height (29).



Schaefer et al (31), reported growth data from 321 pre-pubertal children with CKD from several European
countries. These children had normal lengths at birth but dropped below the 3rd percentile during the first 15

months of life.

1.2.4. Childhood

Following the infantile growth period’s deceleration, growth velocity remains relatively constant throughout the
childhood growth period from the third year after birth at 5-6cm/year until the pubertal growth period begins
(26). Within the childhood growth period, the effect of growth hormone (GH) becomes an increasingly important

player, and it is at this age that abnormalities within the GH-IGF axis declare themselves as a result (29).

In Schaefer et al’s aforementioned study (31), following the first year of life children with CKD had linear
growth tracking parallel to the standard growth chart (mean height standard deviation score (SDS) = -2.37, SD+
1.6). Unfortunately, this study did not report delivery of nutritional management, but may suggest that nutritional
management within the first year of life remains significantly important in children with CKD. It may be that
during the childhood phase of growth, nutrition is less influential, although an alternative explanation is that
healthcare professionals target growth along a centile line if above the 0.4™ percentile, and additional nutritional

support may afford improved mean height scores.

1.25. Puberty

Puberty occurring at a skeletal age of 11 years (girls) and 13 years (boys) describes the transition from the pre-
pubertal state, through the development of secondary sexual characteristics to the sexually mature adult with the
arrival at final adult height upon fusion of the epiphyseal growth plates (29). The onset of puberty corresponds
may be detected clinically with breast budding, or testicular enlargement, respectively and is initiated by the
relaxation of the suppression of the hypothalamic-gonadotropin axis causing an increase in the sex hormones. In
addition to increases in sex hormones characteristic of puberty, there are increases in GH, IGF-1 and insulin.
During the pubertal growth period, there are significant sex-specific changes in body composition, and accounts
for 20% of final adult height and 50% of adult peak bone mass. During puberty, girls have a higher rate of
acquisition of fat mass compared to boys. Puberty is accompanied by a pubertal growth spurt that ends with
oestrogen-mediated epiphyseal and metaphyseal fusion, and explains the sigmoidal curse of linear growth over
time in the pubertal growth phase (29).

In paediatric CKD, delayed puberty (at least in those in receipt of dialysis) has variably been reported. In the
review by Haffner and Zivicnjak (32), they report conflicting studies in which there may be up to 2.5years delay
in puberty and its associated growth pattern with other studies finding no difference from healthy peers. This
difference may be explained by the age of the studies, and possible advancements in care having a normalising
influence on young people with CKD as it is the older studies that report delay (33). Once commenced, the steps

of progression through the stages of puberty appear to be unaffected by CKD (32).

1.2.6. The assessment of growth in clinical practice
The assessment of growth in clinical practice is usually limited to linear growth - the measurement of height (or
length in those children <2 years of age); the acquisition of mass through the measurement of weight; and, in

infants, the measurement of head circumference. These measurements may then be compared to reference
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standards for growth (27); and expressed as either placement on a centile or as a standard deviation score. These
data may also be compared to calculation of mid-parental height (34), and form part of an individual’s

longitudinal data set where measurements over time are compared; including as height velocity.

The benefits of using such measures as a measure of growth are their relative ease in obtaining them, and the
existence of a reference standard (27). Unfortunately, the measures tell researchers and clinicians little about the
composition of the growing child, the obvious example being the acquisition of lean mass through bone and
muscle deposition and that of adipose tissue are not discriminated between in these measures. The use of body
composition measurement methodologies, such as bioelectrical impedance analysis and dual-energy x-ray
absorptiometry are not recommended due to large margins of error and lack of validation in the paediatric CKD
population (2). Techniques used for research purposes, such as cross-sectional imaging and isotope studies are
limited by their availability, practicability, potential side-effects such as ionising radiation, and their validity in
diseased groups (35).

Clinical practice guidance for the assessment of growth in childhood recommend the regular assessment of
length/height, weight and, in those <3 years, head circumference. These measures are then compared to a
reference standard (27). Crossing two major centiles on the growth chart is relatively common in infants and
younger children, becoming uncommon once above the age of 3 years, and is used as indicator for possible
investigation (36), although the sensitivity for the detection of pathology of this criterion may not be high
enough to be used for screening (37). In the UK, referral for investigation is recommended for those children at 5
years who are below the 0.4™ centile for height (<-2.66 SD) (37), or if above 2 years and height centile is >2
below that of the calculated mid-parental height (38). Although the sensitivity and specificity are poor for the use
in routine population-based screening (37), a fall in height SDS of more than 0.25 SD in a year (at least 3

measurements 6 months apart) has also been offered in The Netherlands (39).

There are no internationally agreed quality standards for the measurement of height and weight in children, but
as clinicians and researchers, we must be able to have confidence in the measurements that are taken. It is
essential to have agreed upon standard operative procedures (SOPs), assessment of competency and regular
audit. Measurements such as height can be misleading in their apparent simplicity in obtaining, but different
head positions during measurement, for example, can result in several centimetres difference of height (40). The

World Health Organisation (WHO) has produced a training course in order to standardise measurements (41).

1.2.7. Disturbance in Growth

Causes of poor growth are myriad and include kidney disease. CKD should be considered in those presenting
with their primary complaint as failure to meet growth targets as defined by standardised growth charts (27).
This differs from the definition of “stunting” in which the child/young person has a height-for-age standard
deviation score of <-2. In a population, it would be expected that approximately 2.5% of a cohort would fall into
this category. The number of those that are not meeting their growth potential may be much greater in number as

they may not lie below the “stunted” cut-off.

Poor growth has been associated with a number of short-term, long-term and inter-generational sequelae. These

include: delay in meeting childhood developmental milestones (42), lower school achievement and adult income
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(43), increased morbidity and mortality (43), and increased risk of birth complications (44), and small for

gestational age offspring (44).

1.2.8. Growth and Nutrition

The adequate supply of energy and nutrients are essential for growth, and an inadequacy in one or more may
result in detrimental effects on growth and development. Moreover, the limitation of a single nutrient if essential
may completely limit the activity of growth. This was eloquently demonstrated in the landmark study by Golden
and Golden (45), where limitation of a single nutrient was clearly demonstrated through supplementation of
malnourished children with zinc and resulting resumption of growth with unchanged energy and protein supply.
The extent of height deficit may be considered a reflection of the duration of under-nutrition (46). An extreme
example is seen in those with severe malnutrition in the context of famine, but the full constellation of macro-
and micronutrients are required for bodily function and growth, with vitamins and minerals acting with other
molecules such as amino acids in complex pathways. Frank deficiencies act as clear examples of how severe
restriction of supply of one player may have devastating systemic consequences (47). Under-supply not at the
level to manifest as frank deficiency may have more subtle consequences within the growing and developing
child/young person. They are potentially more vulnerable to unmet needs due to their requirement for growth
that is not only unique to the pre-adult stage in the life-course, but time-limited with no further linear growth
possible following growth plate fusion. It is therefore essential that adequate nutrition is supplied to the

child/young person as there is only limited time for a trajectory of growth to be altered.

1.2.9. Catch-up Growth

Catch-up growth is where height velocity increases above the normal for age for at least one year after a period
of growth inhibition, and may be complete or incomplete (48), with the child’s anthropometry approaching the
pre-insult growth trajectory (49). The pattern of tissue deposition during this catch-up growth is dependent upon
the nutritional status (50), and may be as much as fifteen-times that of usual growth (51). If body composition
has been altered through weight-loss (with loss of adipose tissue with relative lean mass sparing) an unbalancing
of lean and fat mass has arisen. Prior to linear growth there must be a period of repletion (50). In many clinical
scenarios, the process of return to the previous growth trajectory would also comprise this period of repletion
before deposition of a balanced composition of tissues with usual ratio of lean and fat mass. During catch-up
growth, the proportion of energy intake representing growth may be more than 50% (51), this compares to
between 15-30% at birth and 5% from one year of age (52).

1.2.10.  Growth in paediatric Chronic Kidney Disease

In CKD, it is well-recognised that growth may be detrimentally affected and there have been some efforts in
characterising the growth of children with kidney disease, although hitherto, these data are mostly limited to
those with the most severe kidney disease. Growth is important to children and young people with CKD and
their parents (53), and in the post-transplant population, final adult height has been shown to be correlated with

educational level, employment status; marital status; and independent living (54).

The North American Pediatric Renal Trials and Collaborative Studies (NAPRTCS) data from 1987-2010 (17)
report that at the time of transplantation, mean height SDS of -1.75 SD, although with an improving trajectory (-
1.23 SD in 2009).
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In the UK, the most recent data from the renal registry (published in May 2019) reported that the median height
SDS of those in receipt of dialysis was -1.9, and -1.1 in those with a functioning kidney transplant (3).

Currently, the renal registry does not report on the growth data of those with less severe disease.

Data on the growth of children and young people with less severe CKD is limited. The multicentre North
American CKiD study enrolled about 800 children with mild-to-moderate CKD (median GFR =
50ml/min/1.73m?) across 53 centres in the USA and Canada (18). These children had a median height SDS of -
0.55 (IQR = -1.35 to 0.19), 12% of whom had a SDS <-1.88 (3" percentile). Older reports of American children
and young people reported a median height of those with a mean GFR of <75ml/min/1.73m? of 36.9% < -1.88
SD (19).

Height SDS from Austrian children have also been reported both at referral to a paediatric nephrologist, and
upon initiation of dialysis (20). At referral the 47 children (GFR = 24.7 £ 21.1) had a height SDS of -1.5. £ 2,
compared to at dialysis initiation (GFR = 9.6 + 3.3) height SDS was -1.3 £ 1.7.

In Turkey, pre-dialysis patients (CKD stage 1 to 4, n=20) have been reported to have a height SDS of -0.77, with
10% below -2 SD (21).

There are several both potentially modifiable and nonmodifiable factors that may influence growth in children

with CKD (these are summarised in the Table 3, below).

Table 3. Variables known to contribute to poor growth in paediatric CKD (22).

Age of onset of disease;

Primary Kidney disease;

Poor Nutrition* (increase calories; optimise diet);

Metabolic acidosis* (sodium bicarbonate supplementation);

Mineral bone disease of CKD* (phosphate-binders etc.);

Delayed puberty;

Urinary sodium loss* (sodium supplementation);

Urinary concentrating defect;

Steroid therapy* (steroid reduction as able);

Abnormal GH/IGF-1 axis* (recombinant GH therapy)

*potentially modifiable factors (treatment options)

Adapted from: Mahan et al, 2006 (22).

Poor growth in the paediatric CKD is associated with increased mortality (23), with those with height SDS <-2.5
with a two-fold risk of death compared to those with height SDS >-2.5 (23). Wong et al reported that for each 1
SD decrease in height SDS, children in receipt of dialysis or following transplantation had an increased risk of
death of 14% (95% CI: 9%-34%) (24). The NAPRTCS data reported by Furth et al, also found an increased

number of days in hospital and decreased school attendance in those with height SDS <-2.5 (23).

Medical management targeted to improve modifiable factors such as chronic anaemia, metabolic acidosis, and
mineral-bone disease are important in the optimisation of the body for not only growth but disease progression

and have internationally accepted guidance and recommendations (4).

Nutritional supplementation in malnourished children with CKD has been demonstrated to improve growth (25,

55, 56), although current medical and dietetic practice is not always successful, and response to this care is not
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predictable. This may be due to the lack of understanding surrounding the causes of poor growth in children with

CKD and the nutritional impact of the disease and its treatments.

Kari et al (25) report outcomes of 13 years of data for 81 children presenting under two years of age with severe
CKD in whom early artificial feeding was commenced. As part of their routine clinical practice at this single
institution, those with declining height velocity were offered feeding by nasogastric tube/gastrostomy (81%
received). Although most children had a primary diagnosis of congenital abnormalities of the kidney and urinary
tract, the cohort was variable and included several significant comorbidities that were likely to influence
nutritional status. This approach has the advantage of reflecting real-life clinic experience, although may hide
specific clinical phenotypes that may respond differently. Kari et al report that in those that did not undergo
kidney transplantation height SDS improved from -2.34 at 6 months to -1.37 at 5 years of age, with BMI also
increasing over this timeframe. The reported picture contrasts with the above-mentioned described work by
Schaefer et al (31). Unfortunately, there is a lack of security that the supply of energy and nutrients are the main
determinants of the difference between the two groups rather than other differences in care. Moreover, the

optimal dietary prescription was not explored.

Parekh et al (55), in a study of 24 children with polyuric CKD (ten <10 ml/min1.73m? twelve 10-50
ml/min1.73m? and two >50ml/min1.73m?) compared this group who were prescribed a sodium +bicarbonate
diluted milk formulation with a reference group. The study group was associated with greater energy and protein
intake and higher height SDS including controlling for disease severity, aetiology of CKD and initial height
SDS. Limitations of this, alongside the small sample size and the use of historic reference groups for
comparison, include the inability to differentiate which elements this reported improvement in height SDS was
associated with: energy intake, protein intake, sodium intake, bicarbonate intake, a combination of factors or

some unknown element.

A Cochrane review of evidence (57), although limited, has demonstrated that those children with CKD and short
stature increase height velocity with recombinant growth hormone (rhGH) administration, and that those who are
pre-pubertal, and stage 3/4 CKD have a greater response than those who are post-pubertal or have more severe
disease. Although there are no long duration trials that demonstrate an increase in final adult height in these
children, cohort data suggests that in addition to increasing height velocity in the short term (first one to two
years), final adult height may also be greater (58, 59). In addition to trials targeting this question directly, the role
of nutritional status should also be included, as ‘forcing’ the system to growth through the exogenous
administration of rhGH in the setting of an under-nourished body (including the availability of micronutrients,
and key amino acids, for example), may have unintended consequences, in addition to recognised complications
of rhGH treatment (60). In other groups of children with short stature, rhGH has demonstrated gains in height
(sickle cell disease, and severe parasitic infection), but at the expense of the usual physiological pattern of tissue

deposition (50).

Current recommendations are that children with stage 3-5 CKD or those on dialysis older than 6 months of age
should be candidates for rhGH therapy if they have persistent growth failure (defined as a height below the 3™
percentile (SDS< -1.88) and a height velocity below the 25™ percentile; SDS = -0.675) once other potentially

treatable risk factors for growth failure have been adequately addressed and provided the child has growth
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potential (60). In the aforementioned American CKiD study, 9% of the entire cohort and 23% of children with

severe short stature (< 3rd percentile for height) were prescribed rhGH (18).

Catch-up growth has been demonstrated in those in which the demands of chronic kidney disease have been
removed (i.e., in those that have undergone kidney transplantation) during childhood. Factors that influence the
degree of catch-up growth include age (unlikely if transplantation is after 6 years old); graft function (how much
of the ongoing physiological insult remains after transplantation), and the use of corticosteroids (which are well-
known to suppress growth but used in immunosuppression regimens) (17). With regards to nutrition, as
discussed above in the study by Kari et al, catch-up growth following nutritional intervention even in those with
severe CKD is possible (25).

1.3.  CHRONIC KIDNEY DISEASE AND NUTRITIONAL STATUS

Nutritional assessment is “the systematic process of collecting and interpreting information in order to make
decisions about the nature and cause of nutrition related health issues that affect an individual” (61). A
commonly employed approach to nutritional assessment is the ‘ABCDE’ methodology (61). This uses an

acronym to approach the assessment methodically.

Clinical assessment of the patient in nutritional assessment includes the examination of signs of malnutrition and

signs of specific nutrient deficiencies, for example pallor in anaemia and Bitot’s spots in vitamin A deficiency.

Dietary assessment is the process by which the diet is examined, and thus risk of nutritional inadequacy may be
estimated. There are several methods that may be used each with their own advantages and disadvantages,

discussed later.

Environmental and social factors that influence nutritional status; including financial stability and access to
nutrient-rich foods, and cultural practices are reviewed in order to both identify risk and facilitate formulation of

appropriate management plans.

Malnutrition has no universally accepted definition but is a term that is used to describe an imbalance in energy
and/or nutrients that result in a change in body structure and function (62). Causes of malnutrition include
inadequate dietary intake, decreased absorption, increased requirements, and increased losses which may be
mediated through a diseased state (63). Malnutrition is associated with suboptimal function of many bodily

systems; including skeletal muscle, cardiovascular, respiratory, and immunological (63).

There are many reasons why children and young people with CKD may have altered nutritional status and
become malnourished. Firstly, intake of energy and nutrients is reduced for myriad reasons including diminished
appetite, vomiting, and dietary restrictions. Secondly, demands for energy, protein and other nutrients may be
altered. Thirdly, the medical interventions that are imposed upon the child or young person and complications
such as infection may result in increased metabolic demands and nutrient losses. CKD is a pro-inflammatory
state with elevated proinflammatory markers (64, 65). There is elevation in many pro-inflammatory cytokines,
and lack of renal clearance of interleukin-6 (IL-6) (66). This inflammation has a significant impact upon
nutritional status, with decreased appetite, metabolic dysfunction, contributing to alteration in body composition,

with decreased muscle mass.
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There have been several studies that have reported nutritional status of children with CKD and using these data
reported malnutrition prevalence. Sozeri et al (21) reported 45% prevalence of malnutrition in a group of 42
Turkish children with CKD as assessed by the Subjective Global Assessment tool (67), including 20% in the pre-
dialysis subgroup of 20. Apostolou et al (68) report the nutritional status of 30 children aged 1-16 years (17 with
CKD stages 3/4 and 13 on peritoneal dialysis). They report malnutrition as assessed by the PeDISMART
assessment tool to be 37%. This tool assesses four parameters 1) nutritional status as derived from weight SDS,
2) nutritional intake, 3) symptoms affecting intake and 4) overall disease impact. Score range for each parameter
is zero to four with an adjustment of two points for children younger than 1 year, with a total score ranging from
0 to 18 (69). Apostolou et al also reported ABN scores in their group. ABN scores use a combination of
anthropometric, bioelectrical impedance analysis, and intake parameters (70). In comparison, Edefonti et al’s
Italian cohort of 43 paediatric peritoneal dialysis patients malnutrition defined by ABN scores of 49% compared
to 20% in Apostolou et al’s mixed group (68). These studies demonstrate that using different definitions, result
in different prevalence of malnutrition. Hitherto, these studies of nutritional characterisation have been focused

on children and young people with the most severe disease; including those in receipt of dialysis.

1.3.1. Over-nutrition and Obesity in paediatric CKD

Obesity is becoming increasingly prevalent in CKD populations across the UK and Europe (18, 71). It has been
reported to be an independent risk factor for development of kidney damage and end-stage kidney disease (72,
73).

Several proposed definitions of obesity exist, and to some extent these have been shifting with different
standards by which an individual is compared. BMI thresholds of +1 SD and +2 SD (i.e. the 84.1st and 97.7th
percentiles) have been recommended as overweight and obesity thresholds when using WHO growth charts as

the standard or comparison (74).

Height-to-waist circumference ratio of >0.5 has been proposed as a cut-off for central obesity (75) with a

recognition that central obesity confers a particular risk compared to increased weight-for-height per se (75).

1.4. MICRONUTRIENT STATUS IN CHILDREN WITH CKD

Vitamins and minerals play essential roles within the body with inadequacy conferring morbidity and mortality.
A significant proportion of children and young people from the general population are at risk from nutritional
inadequacy with regards to vitamins and minerals (76). Those with CKD may be at increased risk with altered
dietary intake (77). Moreover, the pathophysiological processes outlined above have vitamins and minerals

playing significant roles, and their availability may have significant impact upon these processes.

Current guidance from the National Kidney Foundation Kidney Disease Outcomes Quality Initiative (KDOQI)
states that all children with CKD should have regular nutritional assessment and their micronutrient status
reviewed regularly [1]. Oral micronutrient supplementation is recommended where dietary intakes appear
insufficient so that the dietary intake with supplementation achieves the Reference Nutrient Intake (RNI) (or
equivalent) (2). Little is known about the demands for, and losses of, micronutrients in children across differing
pathophysiological states or treatment of CKD (2) so it is unclear whether an intake at or above the requirement

of otherwise healthy individuals would be adequate in this patient group. The previous literature of biochemical
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measures of micronutrient status in paediatric CKD is limited; it has been largely focused on those with the most

severe disease and those in receipt of dialysis with often contradictory findings (2, 78-80).

1.5.  CHRONIC KIDNEY DISEASE AND APPETITE

Appetite is the desire to eat food and is a complex entity in which both biological and psychological elements
interact. Its control is not fully understood but involves a balance of various hormones and signalling pathways
(81). In CKD, there are additional factors (such as metabolic toxins not cleared by poorly functioning kidneys,

multiple medications, dialysis) that disrupt these processes (82).

During acute and chronic illness, appetite is perturbed (81), and in those with the most severe kidney disease,
diminished appetite is a major cause for anorexia and malnutrition (82), and an important determinant of energy
and nutrient intake (83).

It is recommended that appetite is assessed during clinical assessment of children with CKD (2), both as a
marker of disease and as a means to identify those who are at risk from inadequate dietary intake of energy and
nutrients.

In those with CKD, appetite has been shown to be associated with dietary energy and protein intake (83); to
correlate with severity of kidney disease (84), hospital attendances (84), quality of life (84), and markers of
nutritional status (85), although not associated with anthropometry in paediatric CKD patients (84). Decreased

appetite is associated with decreased dietary intake of energy and protein (86, 87).

The pathogenesis of anorexia in CKD patients is multifactorial. Some of the changes in physiology that occur
that may have a negative effect on appetite, including changes in taste; satiety; gastric irritation from medicines;
alterations in the hormonal control of appetite, and inflammation with cytokine production (88). Those that
receive dialysis have additional stressors that can have impact, including satiety during peritoneal dialysis, and
nausea and poor appetite from the fluid shifts of haemodialysis. There is also the large area of the psychological
impact of chronic illness and the intensive manipulation of children’s lives (including diet) which can have
significant impact on their relationship to food, with high prevalence of food aversion and picky eating, and

depression is common (89, 90).

1.5.1. Assessing appetite

Often the clinical prompts that caregivers use for escalation of nutritional support are weight-loss or faltering
growth. If the child has been identified as at risk from nutritional inadequacy then they may have dietary
assessment from a healthcare professionals (HCP) such as a dietitian, who may be able to intervene before these
cues have taken place, but often it is only when a child is failing to thrive that a dietitian is involved the child’s
care. If poor appetite is a marker of being at risk from nutritional inadequacy, then it has the benefit of occurring
earlier. Earlier intervention with nutritional support may decrease the number of children that fail to meet their
growth potential. Moreover, those children with CKD who have poor nutrition have more rapid progression of
their disease (91).

Food record, diet recall or diet history are tools in the evaluation of disturbed appetite (2). There are additional
biochemical and hormonal markers; such ghrelin concentrations that are accessible during research, but their role

within clinical practice is limited by availability and cost (92). The development of cheap and easy methods that
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HCP can use in clinical practice may be able to facilitate the characterisation of appetite and add to the

nutritional assessment of children.

In Table 4, tools that have been developed for the clinical assessment of appetite are described. There is no
currently available tool that has been developed and validated in the assessment of appetite in children with
CKD. Due to the high prevalence of CKD in adults when compared to children, kidney-specific tools have only
been developed in adult populations. Moreover, focus has been on those with end-stage kidney disease, rather
than pre-dialysis, conservatively-managed (PDCM) CKD. For tools to be used in clinical practice, a balance

must be struck between information gained and time taken for the tool to be completed.
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Table 4. Previously developed tools for the assessment of appetite.

Tool .
(author, year) Population Notes
29 items.
Appetite, Hunger and Sensory Older people, Appetite associated with sensory changes and weight, but not in all sub-groups.
Perception (AHSP) questionnaire The Pros:
(de Jong, 1999 [22, 23]) Ne_therlands Associated with nutritional state (MNA).
(n=156)
Cons:
29-item tool; Older adults only; Not assessed against hormonal markers of appetite.
3 items.
Correlated to serum creatinine; dietary intake of protein, carbohydrate, fat and
energy.
< 2% of group had “very poor” appetite.
Appetite increased with time.
Appetite and Diet Assessment Q(isil\t/sin D gr?((j)r r:ggz:il:e/very poor appetite associated with lower protein and energy intake,
Tool, ADAT. g e, Y.
USA Pros:
(Borrowes et al, 2003 [24]) (n=1846) Quick to deliver; Large number of participants in multicentre study (n=1846);
Longitudinal study; Associated with dietary intake.
Cons:
No relative portion size; Adults only; End-stage patients only; Not assessed against
hormonal markers of appetite.
34 items.
Appetite and Dietary Assessment Questionnaire.
Correlation between the ADAQ score and protein-energy intake as assessed by
diet-diary recall was highly significant, with a high sensitivity of predicting
Adults insufficient protein intake
ADAQ receiving HD, P '
(Lou et al, 2002 [25]) Spain Pros:
' (np: 44) Associated with protein intake.

Cons:
34-item tool; No relative portion size; Adults only.
End-stage patients only; Not assessed against hormonal markers of appetite.

SNAQ/CNAQ

(Wilson et al, 2005 [26])

Older people in
long-term care
facilities,

USA
(n=247)

An 8-item Council on Nutrition appetite questionnaire (CNAQ) and a 4-item
derivative, the simplified nutritional appetite questionnaire (SNAQ) to identify
elderly adults with anorexia and who are at risk from weight-loss.

Both tools predicted involuntary weight-loss in excess of 5% of baseline body
weight over the following 6 months.

Pros:
Quick to deliver; Associated with clinical outcomes.

Cons:
Older adults only; Not assessed against hormonal markers of appetite.

In clinical practice, appetite is assessed subjectively by direct questioning, (e.g., “How is your appetite?”), and

through general dietary assessment. These methods are suboptimal as there are multiple confounding variables,

making them not a direct surrogate for appetite. There is existing literature that finds them inaccurate; including

in CKD cohorts (82). The lack of a formalised assessment tool means that a meaningful comparison between

individuals and for an individual longitudinally is virtually impossible. The subjective nature of direct

questioning may also result in a normalisation of poor appetite so that a child may perceive their appetite to be

“good”, but only relative to their previous feeling of appetite. There is no specific tool designed to evaluate
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appetite in children with CKD. The ideal tool for this population would be a quick and easy to use, able to give a
multi-faceted evaluation of a child’s appetite, adding additional useful clinical information, and deliver a
numerical score to enable tracking over time in a longitudinal fashion. Additional benefit may lie in the ability to

predict clinical outcomes, possibly prior to anthropometric alterations manifest.

1.6. CHRONIC KIDNEY DISEASE AND HEALTH-RELATED QUALITY OF LIFE

Health-related quality of life (HRQoL) is an individual's subjective perception of the impact of health status,
including disease and treatment, on physical, psychological, and social functioning (93). Children with CKD,
even those with disease on the milder end of the spectrum, have poorer HRQoL (90, 94-96). The physical and
psychological impact of both the disease process itself and its management make CKD a particularly challenging
condition with pervasive symptoms of nausea and lethargy, multiple clinic attendances and investigations, strict
dietary modification, multiple medications (and their frequent adjustments), changes in physical health due to

complications of CKD and psychological problems such as altered body-image, anxiety and depression.

HRQoL is not only determined by disease severity. In children with CKD, Gerson et al found that renal function
did not correlate with HRQoL (95). Factors other than the disease itself contribute to HRQoL in those children
with disease (97), and | would hypothesise that nutritional status impacts HRQoL. If such an association exists,
then HRQoL assessment may offer a measure of how nutritional status impacts the child in a holistic, patient-

centred way.

In cohorts of children with other disease states, poor nutritional status (98) and obesity (99) have been associated
with poorer HRQoL, but this has not been explored in paediatric CKD. Micronutrient status has been associated
with HRQoL (100), including selenium (101) with supplementation of selenium demonstrating improved scores
(102-104), although there are contradictory findings (105).

Despite the recognition that HRQoL is important, there is limited data in this disease group with existing
literature focusing upon end-stage disease and those following kidney transplantation. Of the studies that
examine CKD stages 2 — 4 in the paediatric population (95, 96, 106-109), only one (108) examines nutritional

status (evaluating the effect of short-stature).

1.7. DISEASE ACTIVITY IN CHRONIC KIDNEY DISEASE

Although some aetiologies of CKD have a clear activity associated with kidney injury (systemic inflammatory
conditions such as systemic lupus erythematosus, for example), there is a common disease activity within injured
kidneys that leads to the progressive fibrosis and loss of function, even once an initial insult has been removed

(see Figure 3 depicting the pathophysiology of CKD).

There is a need to explore how this disease activity in children with CKD interacts with the known physiological
processes to better map the pathophysiology; including the interplay between nutrition and the disease process.
There is additional potential to use such markers clinically to both prognosticate and monitor response to

therapeutic intervention, including nutritional manipulation.

CKD is well recognised as an inflammatory state (64), that worsens with increasing disease severity (110).

Although this inflammation can be assessed through the measurement of circulating acute phase reactants and
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cytokines, these markers are often non-specific; representing systemic inflammation. For example, C - reactive

protein (CRP) which is elevated in a wide range of conditions, including acute infection.

1.7.1. Red cell distribution width
Red cell distribution width (RDW) has been purported to reflect inflammation in chronic disease states (111),
and erythropoiesis is intimately linked with CKD. RDW has been associated with clinical outcomes (112-114).

RDW is a measure of the variability of erythrocyte volume and is calculated from the erythrocyte mean
corpuscular volume (MCV) and the standard deviation of the erythrocyte population of the individual. Although
calculated as part of the full blood count, it is not universally reported to the clinician. It is therefore accessible to
the clinician through usual clinical care. RDW is influenced by the proportion of different sized erythrocytes in
the population and may be increased (widened) with a larger proportion of smaller or larger erythrocytes.

Examples of how RDW may be altered as given in Figure 5, below.
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Figure 5. Red cell distribution width.

Red cell distribution width (RDW-SD) is calculated as the distribution of erythrocytes at the 20%
frequency level, that allow exclusion of outliers and is calculated with the formula: RDW = Standard
Deviation*100/Mean Corpuscular Volume.
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Figure 6. Example erythrocyte size frequency curves.

The figure demonstrates four proposed distribution curves. Subject (B) has a population of erythrocytes
that are smaller than normal (A), but with the same variation in size (red cell distribution width (RDW),
red lines). This curve may be seen in the context of iron-deficiency. Subject (C) has an increase in the
variation in the size of erythrocytes (larger RDW), but with an unchanged mean corpuscular volume
(MCV, blue lines). This curve may be seen in the context of a mixed iron, and vitamin B12 or folate
deficiency. Subject (D) has increased MCV and RDW and represents an increase in the larger
erythrocytes, for example Vitamin B12 or folate deficiency, or an increase in immature erythrocytes.

Many factors influence erythropoiesis and erythrocyte longevity and, therefore, potentially alter RDW; including
the availability of nutrients such as iron, copper, glycine and B vitamins (see Figures 6 and 7, above and below).
In CKD, there is systemic inflammation (66), and interruption of the usual erythropoietic signaling (115), as well
as higher prevalence of nutritional inadequacies of iron, folate and vitamin B12 that increase the prevalence of

anaemia (4).

Inflammation (as characterised by high-sensitivity CRP and erythrocyte sedimentation rate) has been associated
with an increase in RDW (111). This may be due to alterations in the fragility of the erythrocyte membrane and /
or effect on erythropoiesis.

Previous literature has demonstrated that increased RDW is associated with greater disease severity in chronic
obstructive pulmonary disease (COPD) (112). A RDW >15.5% predicted outcomes following cardio-thoracic
surgery (113). It has also been associated with higher mortality - with increased mortality associated with a
RDW >14.2% in acute pancreatitis (114); >14.3% in COPD (112) and >18.6% critically unwell children in
PICU (116). The generalisability of RDW suggests that it is a marker of a common mechanism, such as
inflammation, although the exact processes by which RDW is associated with these disease states has not been
elucidated.

In adult PDCM CKD (117), a RDW of >14.9% has been associated with increased mortality and a RDW
>13.5% associated with decline in kidney function and initiation of dialysis (HR=1.47) (118). RDW has been
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associated with endothelial dysfunction (as assessed by impaired flow-mediated dilatation) in adult CKD (119)
independent of C - reactive protein (CRP) concentration. In paediatric kidney disease, RDW has been reported to
predict the presence of nephritis and histopathological changes in Henoch-Schénlein Purpura (120), but no data
in the paediatric PDCM CKD exists.

In search for a readily accessible marker of disease activity and / or nutritional status, RDW may reflect more
than just disease severity but disease activity as a reflection of medium-term inflammation and its influence on
the erythrocyte population. Other markers, such as CRP concentrations, increase in acute infection and may not
be relied upon to reflect the CKD-associated inflammation, as minor, common infections elevate CRP beyond
that observed in CKD-associated inflammation.
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Figure 7. Factors in CKD that may influence erythropoiesis.

Anaemia is common in those with chronic kidney disease, and this is due to the many factors that may
have a negative effect on erythropoiesis. In addition to limitation of erythropoietin in the failing kidney,
inflammation and angiotensin-converting enzyme inhibitors may impair erythropoietin production.
Inflammation also inhibits erythrocyte maturation and promotes erythrocyte cell death, and through the
action of hepcidin, decreases availability of iron. Uraemic toxins and hypothyroidism decrease the life-
span of the erythrocyte. Nutritional factors (green) include iron, folate and vitamin B12 availability, but
also vitamin B6 which is essentially for amino acid metabolism, and the conditionally-essential amino
acid glycine. Adapted from review articles (115, 121).

1.7.2. Neutrophil-gelatinase associated lipocalin

Neutrophil-gelatinase associated lipocalin (NGAL) is a biomarker that is showing promise for its utility in
paediatric CKD. It is proposed that elevated NGAL is caused by the underlying inflammation present in CKD;
being produced by kidney epithelial cells (122). Previous literature has demonstrated that NGAL concentrations
in the CKD population are correlated with disease severity (123), and is able to predict disease progression
(124).

NGAL is a 198-amino acid peptide with several known roles within the body. It acts as part of the innate
immune system that binds to the siderophores that bacteria use to gain needed iron from the host organism, and
through this mechanism, is bacteriostaticc. NGAL has been demonstrated to be protective against the

development of acute kidney injury (AKI), and has a role as a growth factor in kidney development and in
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malignancy (125, 126). NGAL concentrations are low in healthy individuals (approximately 20ng/ml in blood
and urine) and likely represent neutrophil expression (127-130) with rapid increase in expression following
tissue injury (127).

NGAL has been shown to be elevated in kidney tubular damage in the setting of (CKD (131). The mechanism
for higher NGAL in the CKD population is not clear. It has been suggested that increased kidney tubular
production, increased glomerular loss, or decreased tubular reabsorption may be responsible. Mori and Nakao
have proposed that elevated NGAL concentrations are more than a consequence of poor kidney clearance, but
are caused by the underlying inflammation present in CKD; being produced by kidney epithelial cells (122). This
is interesting as NGAL may, in this context, be a marker of disease activity rather than reflecting poorly
functioning kidneys and reduced kidney clearance. Exogenous administration of NGAL in murine models of
kidney injury confers a degree of protection (125), suggesting that NGAL is more than a marker of kidney

injury, but may be part of the attempted repair mechanisms following injury.

Previous literature has demonstrated that NGAL concentrations in the CKD population are correlated with
disease severity (123), and is able to predict disease progression (124); including being associated with increased
risk of progressing to end-stage kidney disease (132).
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Figure 8. Proposed mechanisms of increased NGAL expression and its influence on apoptotic pathways.

Kidney injury induced inflammatory cascade, including increased expression of interleukin-14 (IL-1p),
this via ERK1/2 and p38 pathways increase expression and secretion of NGAL. NGAL acts via heme-
oxygenase-1 to modify both intrinsic and extrinsic apoptotic pathways to decrease apoptosis and
increase cell survival. Abbreviations: FasL — Fas ligand; NGAL — neutrophil gelatinase-associated

lipocalin.
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NGAL may exist in 3 forms: a monomer; a homodimer; and a heterodimer with Matrix Metallopeptidase-9
(MMP9) (127). The binding of MMP9 to NGAL protects the enzyme from autolysis, preserving its activity
(133). MMP9 as a matrix metallopeptidase, degrades extracellular matrix, allowing the infiltration of
inflammatory cells. As reviewed by Cheng et al (134), MMP9 is associated with kidney fibrosis, which is the
final common pathway of CKD. lts relationship with CKD is not linear with disease severity, with increased
expression in the early stages of CKD (with collagen type-4 degradation, increased TGF-B expression and
increased kidney fibrosis), but in more advanced CKD, MMP9 is lower. As the NGAL-MMP9 heterodimer,

MMP9 seems to have an additional cell-signalling role (134).

NGAL promoter region has a binding site for NF-kpB, and its binding promotes cell survival and proliferation
(135) and seems to act through the inhibition of both apoptosis signalling pathways; the intrinsic (Bcl-1 and Bax)
and extrinsic (Fas and FasL) (136).

1.7.2.1. NGAL as a kidney protector

NGAL has been purported as a protective protein which decreases apoptosis in cells with higher NGAL
expression. Tong et al demonstrated that over-expression of NGAL in human lung cancer cells reduced cytotoxic
drug-induced cell death (137). In a model of ischaemia-reperfusion injury, Zang et al report that exogenous
application of NGAL decreased apoptosis through the regulation of apoptosis factors (up-regulation of Bcl-1,
and down-regulation of Bax and First apoptosis signal (Fas) and First apoptosis signal ligand (FasL)) (136), and
agrees with Mishra et al’s study showing decreased apoptosis in mice (125). Zang et al also report up-regulation
of the NGAL receptors megalin and 24p3R in response to injury, and down-regulation with exogenous NGAL

application.

This protection may be via heme oxygenase-1 (122), by reducing non-ferritin-bound iron. Devireddy et al (138)
reported that the NGAL-siderophore complex without iron can chelate iron from cells, and through depriving
these cells of iron, induce apoptosis. They hypothesise that NGAL may exert this effect as part of the termination

of the immune response. Therefore, the action of NGAL may be cell-specific.

1.7.2.2. The influence on nutritional state

Review of the literature identified one study investigating association between nutritional status and NGAL in
children with CKD (139); examining NGAL and iron status in dialysis patients. There is a suggestion from adult
and in vitro literature that there is a relationship between some markers of nutritional status (iron status, vitamin
D status, obesity, vitamin A pathways) and NGAL concentrations in patients with chronic kidney disease. The

mechanistic relationship between these is not clear.

Iron

As previously described, NGAL binds to siderophores to sequester iron from the circulation, making it
unavailable to pathogenic organisms that are reliant upon host iron. As such, NGAL is associated with iron
metabolism. In adult CKD patients with anaemia, those with iron-deficiency (transferrin saturation, TSAT
<20%) have been reported to have higher NGAL concentrations (140). A negative correlation was reported in a
larger cohort of adult CKD patients (141), although a cut-off of TSAT <30% was used in this experiment, and

analysis included those with and without anaemia, and also in a cohort of 40 children in receipt of dialysis (139).
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Gunes et al (142) reported that children with iron-deficiency anaemia (IDA) had significantly higher creatinine-
adjusted urinary NGAL, uNGAL and significant negative correlations between Hb, Hct%, RBC count, and
creatinine-adjusted UNGAL. The authors postulate that this represents possible subclinical kidney injury in
paediatric IDA patients whose kidney functions and serum electrolytes were normal. In paediatric dialysis
patients, NGAL has been reported to have an inverse relationship with TSAT (139). Unfortunately, the potential
causal relationship between NGAL and iron status has not been explored through the correction of an iron-

deficiency anaemia and observation of NGAL concentrations thereafter fall.

Adiposity

In addition to neutrophils, epithelial cells and adipocytes express NGAL (143). Adipocyte numbers are thought
likely static in adulthood, but may increase in childhood and adolescence under the influence of energy and
nutrient intake (144). Number, active proliferation, and other factors may affect NGAL expression in adipocytes,
but this has not been examined. Adiposity, therefore, may determine some degree of the baseline variability of
NGAL expression. Moreover, NGAL changes in blood (and/or urinary) may be reflections of changes in

adiposity or a changing adipocyte state.

Vitamin A

In a mouse model of kidney injury (145), tubular regeneration and proliferation has been shown to be mediated
via vitamin A signaling pathways. Although the influence of vitamin A status in CKD has not been explored to
date.

Vitamin C

Despite vitamin C being an important antioxidant, and that ischaemia-reperfusion injury is associated with an
increase in oxidative stress, Sahraei et al were unable to demonstrate improvement of kidney tubule injury
marker NGAL or graft function following kidney transplantation with administration of N-acetylcysteine +
vitamin C (146).

Vitamin D

In vivo and in vitro studies reported by Lucisano et al (147) demonstrated down-regulation of NGAL with
administration of the 1, 25(OH)-vitamin D analogue paricalcitol in adult CKD patients. This was accompanied
by a fall in inflammatory cytokines. The participants all had a low vitamin D status (<20ng/ml, with 70%
<15ng/ml indicating deficiency). The association between vitamin D and NGAL may be down-regulation of
inflammation, but the exact mechanisms have not been elucidated. In agreement, Zhang et al (148) demonstrated
that in vitro, concentrations of vitamin D at 30ng/ml inhibited lipopolysaccharide-induced inflammation in
human monocytes (IL-6 and TNF-a), but at concentrations of 15ng/ml suppression did not occur (148). In a
randomized, placebo-controlled, double-blind study in adults with CKD stage 2 - 3 Alvarez et al (149) failed to
demonstrate changes in NGAL and other inflammatory markers with supplementation (50,000 1U cholecalciferol
weekly for 12 weeks followed by 50,000 IU alternate weeks for 40 weeks), although monocyte chemoattractant

protein-1 concentrations were decreased at 12 weeks of supplementation (although not at 12 months).

1.7.2.3. What is normal uNGAL?
Previous studies have proposed normal reference ranges for UNGAL in children. Bennett et al (129) measured

UNGAL in 368 healthy children, and reported 95™ percentile for sex and age group (~45 children per group). The
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age groups are arbitrary (3 - <5 years; 5 - <10 years; 10 - <15 years; and 15 - <18 years). There was a significant
difference between sexes, being up to more than a factor of 10 greater in girls in the same age group (139.5

versus 10.9 ng/ml).

Rybi-Szuminska et al (128) have also reported normal reference range correcting for urinary creatinine
concentrations, measuring UNGAL in 172 children. Their proposed ranges (97.5" percentile) have been reported
as broad age groups (0.2 — 5.9 years; 6 — 9.9 years; 10 — 13.9 years; 14 — 17.9 years), and for age in years. In
contrast to Bennett et al’s ranges, their proposed upper limit is graduated with a negative correlation with age.
Rybi-Szuminska et al’s cohort did not have equal numbers across age-groups with a larger cluster in children
aged 7 - 13 years, additionally the difference in sex reported by Bennett et al has not been considered, as no

difference was found once uNGAL was adjusted for urinary creatinine.

Cangemi et al (130) reported uNGAL concentrations in a cohort of neonates (n=25) and older children (n=308).
They report that neonates had higher UNGAL concentrations than older children, but without correlation with
age otherwise. This agrees with Rybi-Szuminska et al’s cohort and may be explained by the tubular immaturity
of the very young. Cangemi et al’s uNGAL concentrations correlated with urinary creatinine, suggesting that
correction of UNGAL with urinary creatinine should be performed. In concordance with creatinine-adjusted
values reported by Rybi-Szumingka et al and Nishida et al (150), Cangemi et al found no difference between the
sexes in their cohort. The lack of creatinine-adjustment by Bennett et al, may explain the sex difference, but the
increased likelihood of contamination of UNGAL from other sources, including the gastrointestinal tract in girls

compared to boys, or hormonal difference may also account for differences.

1.8. DIGITISING CLINICAL DATA

There is potential for technology and digital systems to be used to help to identify patients at risk by utilising
data already gathered as part of usual clinical care. At present these data are used on an individual basis, and
require the review, and evaluation of members of the clinical team. Clinicwide review may be accessed through

retrospective reviews or as part of clinical audits, but is not used as part of usual care / service delivery.

It is important that medical professionals and researchers explore methods in which routinely collected clinical

data may be used to understand their populations.

In addition, the development of clinical tools that may be conducted electronically before the clinical review may

add important clinical information to the clinical team decision-making, and be time- and cost-saving.

1.9. THESIS STRUCTURE AND OBJECTIVES

As described above, children and young people with CKD have outcomes (including growth) that are poorer
than healthy peers. This continues to be the case despite the formulation of clinical practice guidelines; including
the clear treatment goals for modifiable physiological disturbances such as metabolic acidosis, and anaemia (4).
The variation of nutritional status in paediatric CKD has only partially been described previously. A greater

exploration of this area is needed in order to guide future directions for research and essential for clinical care.

1.9.1. Aims and objectives
The aim of this thesis is to better understand the relationship between disease severity, nutritional status, and
clinical outcomes, and thereby improve clinical care from the clinician’s point of view.
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To do this, the following objectives were undertaken:

1. To characterise the prevalence of poor growth and propose a way identify those at risk of under and over
nutrition;

2. To explore and characterise vitamin and mineral status;

3. To explore and characterise nutritional intake and status;

4. To explore and standardise the assessment of appetite;

5. To explore and better understand health related quality of life;

6. To explore potential disease activity markers;

7. To explore relationships between each element, disease severity and clinical outcome.

This thesis takes a systematic approach to explore the variation of clinical outcomes, nutritional status, disease
severity, and disease activity in children and young people with CKD. It will do this through exploration of the
elements that are used in current clinical practice to characterise the nutritional status of children and young
people with CKD and their relationships: growth; dietary intake; anthropometry; biochemical status; appetite;
and disease severity. Additionally, HRQoL as a clinical outcome and disease activity and their relationship to
nutritional status was explored. Disease activity characterization is through the measurement of putative markers
of disease activity in CKD (red cell distribution width and neutrophil gelatinase-associated lipocalin).
Throughout the thesis, there is a thread of how digital technology may be used in this exploration and potential

to augment clinical care.
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2. STUDY DESIGN AND GENERAL METHODOLOGY
2.1. OVERALL STRUCTURE OF THE THESIS
To address the overall aim of better understanding the relationship between disease severity, nutritional status,

and clinical outcomes from the clinician view point, the thesis will explore each element systematically.

Firstly, a cross-sectional study reporting the growth data of a large cohort of children and young people attending

a tertiary paediatric nephrology service is reported.

Secondly, a review of the evidence regarding vitamin and mineral status in children and young people with CKD

is presented.

Thirdly, a cross-sectional study nutritionally characterising a small cohort of children and young people with
CKD is presented. This consists of clinical characteristics, anthropometric measures, dietary intake data, and

blood vitamin and mineral concentrations.

Fourthly, appetite is explored in this cohort of children with the development of an assessment questionnaire.

This is then used to report the prevalence of anorexia within the characterised cohort.

Fifthly, HRQoL as described by a validated assessment tool (PedsQL™) is reported within the cohort and

associations explored with markers of growth, nutritional status and disease severity.

Sixthly, an interventional study is reported in which a novel food for special medical purposes to supplement
vitamins and minerals in the paediatric CKD population was given to a subgroup of CYP identified as being at

risk from nutritional inadequacy from the above cross-sectional study.

Seventhly, results of two putative, potentially nutritionally-sensitive markers of disease activity within the cohort

are described and associations with growth, nutritionals status explored.
Finally, the findings from these experiments are discussed in the thesis’ final discussion.

2.2. ETHICAL APPROVALS

All experiments involving clinical subjects were approved by appropriate professional bodies.
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3. GROWTH IN THE PAEDIATRIC NEPHROLOGY CLINIC
To explore the variation in growth in children and young people with CKD, a study describing basic
anthropometric measures within a tertiary paediatric nephrology service was undertaken. This delivers a broad

overview of the growth status of an entire service.

3.1.  INTRODUCTION

Growth is one of the most important processes to consider in the care of children. The earliest description of
normal growth recorded in the 6™ century BC is by the Athenian statesman and poet Solon (151). Growth is not
only a marker of illness and physiological stress upon the developing child / young person, but an important end-
point in and of itself. Many diseased states, including kidney disease are associated with altered growth, although

understanding the relationship between disease and growth is not straightforward.

In this chapter | will describe: the usual pattern of growth; how growth is assessed in clinical practice;
disturbance of growth including within the context of chronic kidney disease; and present clinic-wide growth

data at a single centre across the spectrum of kidney disease.

Although, as evidenced above, growth is important, data is not routinely collated and reviewed on a clinic-wide
basis, and data nationally is limited to that of those receiving renal replacement therapy. In order to better
understand the growth of the paediatric kidney population within a tertiary paediatric nephrology centre
(Southampton Children’s Hospital), a cross-sectional study collating routine anthropometric measures of the

entire clinic population was undertaken.

The objectives of this study were to characterise the growth status of an entire paediatric nephrology clinic as
determined by height and body mass index (BMI), and explore the relationship between these measures and

kidney function - estimated glomerular filtration rate (eGFR).

3.2.  METHODS:

All children (aged 0-17.99 years) who attended clinic appointments in 2015 with the paediatric nephrology
service at Southampton Children’s hospital were included in the study. Data on regional clinics (held at district
general hospitals were not readily accessible and not included in the study). Children were identified using the
child’s hospital identification number and the clinic codes for paediatric nephrology available on the hospital’s
patient administration system, CaMIS PACS+ (EMIS Health Group, Leeds, UK). A new kidney-specific
database was developed using the hospital identification number as the child’s identification number and the first
measurements of the year for: age, gender, weight (kg), height (cm), body mass index (BMI, kg/m?), plasma
creatinine, date of clinic appointment, and clinic group code. Growth SDS (weight, height and BMI) were then
generated, and eGFR using the modified Schwartz formula (152). Data quality checks and cleaning were also

carried out manually using extreme values to check for entry errors (n=20).

3.2.1. Statistical Methods

Descriptive statistics; including mean and standard deviation scores (SDS) will be used to analyse the data;
including breakdown by clinic group (group 1: general nephrology clinic; group 2: post-transplantation clinic;
group 3: low-clearance clinic (those with eGFR<15ml/min/1.73m? or in receipt of dialysis)). The general

nephrology clinic patients will then be stratified into degrees of kidney impairment as determined by eGFR
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(calculated by modified Schwartz formula (152)), and classified as per the KDIGO CKD staging (4). All analysis
was carried out using software by the Statistical Package for Social Sciences (SPSS version 22, SPSS Inc.,

Chicago, IL). A p-value of < 0.05 was used to indicate statistical significance.

3.3.  RESULTS
A total of 819 children and young people were identified, with 754 (92%), 806 (98%), and 740 (90%) having a
height, weight and BMI recorded, respectively. 56% (459) of these children had a plasma creatinine recorded at

the same time as a height measurement, enabling kidney function to be estimated (eGFR).

These were then categorised as to attending one of three clinic categories: Group 1 — general nephrology clinic
(n = 412); Group 2 — post-transplant clinic (n = 22); Group 3 — low clearance clinic (those with an eGFR
<15ml/min/1.73m? or in receipt of dialysis, n = 25). Complete datasets were available for 401, 20, and 24

respectively (comprising 90%, 5%, and 5% of the total 445 analysed).

These 445 subsequently had calculation of height SDS, weight SDS, BMI SDS and eGFR and in attendance at

the general nephrology clinic (hon-dialysis, non-transplant, non-low clearance clinic).

As shown in Figure 9, the majority of children and young people’s anthropometry lay within £2SD for both
height and BMI. Mean height SDS for the three groups were -0.19 (SD+1.34), -1.73 (SD%1.68) and -1.59
(SD+1.77) for groups 1, 2 and 3, respectively. 11% (84/754) of all height values recorded had a height SDS <-
1.88, and 10% (75/754) <-2. Height SDS < -2 was much more prevalent in the low-clearance (group 3, 44%) and
post-transplantation groups (group 2, 40%), with the general nephrology group (group 1) having 8% of children
and young people below -2 SD. Mean BMI SDS for the three groups were 0.49 (SD+1.27), 1.34 (SD+1.14) and -
0.31 (SD%1.52). The greatest number of children and young people with a BMI >2 SDS were in the transplant
group (30%, group 2), followed by the general kidney group (12% group 1) then 4% in the low clearance group
(group 3). There was a statistically significant difference between groups for height SDS, weight SDS, and BMI
SDS as determined by one-way ANOVA (Height SDS: F(2,751) = 22.817, p < 0.0005; Weight SDS: F(2, 803) =
20.076. p < 0.0005; BMI SDS: F(2, 14.908) = 9.126, p < 0.0005). A Tukey post hoc test revealed that height
SDS was significantly different between group 1 and 2 and between groups 1 and 3 (p < 0.0005), but not
between groups 2 and 3 (p = 0.943). Weight SDS was significantly different between groups 1 and 3 (p <
0.0005), and between groups 2 and 3 (p = 0.011), but not groups 1 and 2 (p = 0.424). BMI SDS was significantly
different between all group combinations (group 1 and 2: p = 0.010; group 1 and 3: p = 0.007; group 2 and 3: p <
0.0005).
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Height SDS versus BMI SDS in the Paediatric Nephrology Clinic at
Southampton Children's Hospital
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Figure 9. Height SDS versus BMI SDS for attendees at the paediatric nephrology clinic (n=445).

Graphical representation of Height SDS and BMI SDS for the nephrology clinic (n=740) reveals a
picture that most children and young people lay within +2 and -2 SD for both measures. If outside that
reference range, then more children and young people are short (HTSDS<-2) than tall (HtSDS>2) and
heavy-for-height (BMISDS>2) rather than light-for-height (BMI<-2).

3.3.1. Kidney Function and Anthropometry
Growth data were compared to kidney function as determined by eGFR. The distribution of height SDS and BMI
SDS for each KDIGO CKD staging group is displayed in Figure 10, below.
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Figure 10. Height SDS and BM1I SDS grouped as kidney function category (n=445).

The graphs depict height standard deviation scores (HtSDS) and body-mass index standard deviation scores (BMISDS) for different degrees of kidney impairment, as
categorised by estimated glomerular filtration rate (eGFR). There is a general trend for those with more severe disease to have lower HtSDS, although there is a range
of results with all eGFR categories having individuals with  HtSDS<-2. A similar trend for BMISDS is not seen.
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Association between eGFR and height SDS, weight SDS, and BMI SDS were sought by linear regression
analysis. Analysis of all three groups together proved a statistically significant association between height SDS
and eGFR (r’=0.107, p=0.001), and was similar for weight SDS (r?=0.094, p = 0.001). The same trend was
shown for BMI SDS, but was not statistically significant (r’=0.017, p = 0.059). Clinic groups were subsequently

analysed separately.

For group 1 (general nephrology clinic), there was an association between height SDS and eGFR (r*=0.034, p =
0.001), but not weight SDS (r? = 0.002, p = 0.357) or BMI SDS (r? = 0.004, p = 0.220).

In group 2 (post-transplantation), eGFR did not predict height SDS (r? = 0.010, p= 0.665), weight SDS (r* =
0.026, p = 0.499), or BMI SDS (r* = 0.015, p=0.610).

In group 3 (low clearance), eGFR did not predict height SDS (r* = 0.000, p = 0.920), weight SDS (r* = 0.070, p =
0.962), or BMI SDS (r? = 0.040, p = 0.352).

A multiple-linear regression model was constructed for each anthropometric measure SDS and eGFR, age, and
sex for group 1. eGFR and age significantly added to the model to predict height SDS (r* = 0.058, p <0.0005)
with increasing eGFR and age associated with greater height SDS. For weight SDS, only eGFR and age proved
significant (r> = 0.019, p = 0.034), again with positive correlations. The model was unable to predict BMI SDS.

3.4. DISCUSSION

This is the first feasibility study to attempt to describe weight, height and BMI across all ages and stages of
disease, and provide novel prevalence data for children with kidney disease in the UK, internationally and in
Southampton Children’s Hospital, using the routine collection of clinical data via hospital information

technology systems.

As detailed above, data on growth in children with kidney disease is limited and mainly restricted to those with
the most severe disease — those in receipt of dialysis and those that have received a kidney transplant. No growth

information exists to describe the whole kidney population across the spectrum of disease.

These data show that 10% of the paediatric nephrology clinic have poor growth (HtSDS <-2); that obesity
prevalence within the clinic are similar to that of the general population; and that kidney function may predict
height SDS but not weight SDS or BMI SDS.

3.4.1. Stunting

Growth failure in paediatric CKD is associated with increased mortality (23, 24), with those with height SDS <-
2.5 with a two-fold risk of death compared to those with height SDS >-2.5 (23), and increases with decreasing
height SDS (24). From the total cohort, 11% of all height values recorded had a height SDS <-1.88, greater than
the statistically likely 3%. The reasons for this are likely to include a percentage of children not fulfilling their
growth potential due to poor kidney function, but also children and young people with other causes of short
stature and medical therapy that has negative consequences on linear growth such as corticosteroids.

Unfortunately, due to the lack of subject characterisation, these reasons cannot be determined.
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3.4.2. Obesity

In this cohort of paediatric nephrology services attendees 12% of those in the general nephrology clinic (group 1)
were obese (BMI SDS >2). This compares similarly to the general population, with rates of obesity in the UK
population being 14% of children aged 2-15years (BMI >95™ percentile) (153). In CKD, Wong et al reported a
‘U’-shaped association between BMI and mortality, with low and high BMIs associated with an increased risk
for death (24). Although traditionally nephrologists have been concerned about underweight patients, focus has

now broadened to encompass both under- and overnutrition in relation to energy.

Obesity is becoming increasingly prevalent in CKD populations across the UK and Europe (71) and more
prevalent than the canonical malnutrition state of low anthropometric scores and “protein-energy wasting” in
both the conservatively-managed (18) and dialysis/post-transplant populations (71). It has been reported to be an
independent risk factor for development of kidney damage and end-stage kidney disease (72, 73). The reasons
behind obesity prevalence in this cohort are likely similar to those explored in the general population, with
increased availability of nutrient-poor, energy-dense foods (76), coupled with levels of physical activity below
recommended levels (child activity data from Sport England's Active Lives Children and Young People Survey
states that only 18% of children and young people meet the recommended level of daily physical activity (154)).
In those with CKD, it may be that dietary patterns and physical activity are similar to those in the general
population. This is interesting as clinic attendees have access to healthcare professionals that others in the
general population do not. It may be that such lifestyle aspects of children and young peoples’ care are not
addressed in the setting of the paediatric nephrology clinic, and the frequency of interactions is not great enough
to enact lifestyle change and / or that healthcare professionals have inadequate training to recognise and
intervene in such areas. Alternatively, those attending clinics are less able to perform adequate levels of physical
activity due to ill-health and thus calorie requirements are less despite the abundance of calories available to

children and young people in Western counties, like the UK.

3.4.3. Strengths of the study
Strengths of this study include the large number of children and young people in the cohort and that as a first
step in examining the growth of the paediatric nephrology clinic, the lack of exclusion criteria allowed for a

likely representative overview.

The use of electronic data has the potential to identify those children and young-people who are at risk and
highlight them to healthcare professionals, such as dietitians to more formally assess them. For example,
electronic systems could be programmed to email an alert to the clinical team if a child / young person’s
anthropometry lies outside of a given reference range (2SD, for example), and/or when there has been a change
in the trajectory of growth (decrease in SDS of >0.25, for example). These examples of implementation of
electronic data utilisation may increase the number of children / young people identified as at risk from growth
failure, and enable identification sooner in their growth trajectory potentially allowing for earlier intervention

and altering the course in a positive way.

This study may act as a template for the wider healthcare community that may be introduced into out-patient

clinical settings to alert healthcare professionals to those with (or at risk of) growth failure.
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3.4.4, Limitations
This study has several limitations, and care must be taken not to project these data as fully representative. Firstly,
attendees at the paediatric nephrology service are diverse;with different stages of CKD from various aetiologies,

to conditions in which kidney function may be additionally impaired, such as recurrent urinary tract infections.

Limitations also include the lack of longitudinal data. The study was a snapshot at a single point in time, and
thus the identification of those at risk is only by absolute SDS and not a change over time. The study did not
further characterise the cohort over and above their renal function where available. Some of the clinic attendees
will have medical interventions already in place, or may have unusual but predictable growth trajectories (for
example, those with a syndrome associated with short stature such as Turner and Down syndrome). Additionally,
BMI SDS is just one method by which obesity is defined. Those with CKD have poorer lean mass (155), and
thus, BMI may under-represent the percentage of attendees with increased adiposity (with relatively greater
amount of adipose tissue to attain a given BMI). Fluid status in those with kidney conditions may also be altered,
with the accumulation of interstitial water presented as oedema. Measures such as waist measurement cut-offs

and body composition analysis may prove a better measure in this population.

Growth may be assessed in several different ways and height SDS is only one metric. Height velocity SDS and
comparison to mid-parental height SDS may also be used, and may present different data. Unfortunately, these

metrics were not captured in this study.

3.4.5. Future Directions

Future studies should include prospective, longitudinal data collection of growth data on children and young
people with kidney disease with characterisation of medical and nutritional interventions. This would allow for a
better understanding of growth trajectories of children and the influence of factors upon their course. Particular
focus should be placed not only on the attainment of adequate final adult height, but also on the rising prevalence
of obesity in the face of kidney disease, and the optimal way by which healthcare professionals can avoid their
patients increasing cardiovascular and metabolic risk through its development.

3.4.6. Concluding Remarks
As evidenced by the above-described cross-sectional study, there is significant variation in the growth measures
of children with kidney disease. It is important to understand the factors that influence these differences in order

to enable healthcare providers to effect change to improve growth where possible.

In this chapter, growth has been explored in the context of paediatric CKD, reporting growth data as an overview
of those attending a tertiary paediatric nephrology service in the UK and exploring kidney function (eGFR) as a

contributing influence.

This study was unable to explore the nutritional influences on growth. Therefore, the possibility of micronutrient
inadequacy in the paediatric CKD population is considered next, together with an exploration of the nutritional
status in relation to growth and well-being of a child / young person with CKD. This is to more fully characterise

children from a nutrition point of view to try and to identify potential risk factors / associations for poor growth.
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3.4.7.

40

Practice Points
Applying a structured framework using IT to access growth data at the clinic level, information can be
accessed and analysed to present patterns of growth. These data can be combined with clinical
pathology data, such as serum creatinine concentrations to categorise patients.
This level of analysis is limited here by the accessibility of patient characteristics and measures that are
not usually captured electronically, easily or readily accessible outside of the individual patient level.
The ability for different electronic systems to label, organise and share data generated in clinical
practice would increase the ability to characterise patients; including identifying patterns in relation to
measures of growth, such as height.
All children and young people with CKD should have their height and weight measured and recorded
electronically with SDS calculated at each healthcare encounter. Additional health data should be
accessible to facilitate categorisation, and explore possible patterns of risk, such as in those with poorer
growth.



4. REVIEW OF THE LITERATURE OF THE MICRONUTRIENT STATUS OF CHILDREN WITH CHRONIC
KIDNEY DISEASE
Data informing clinical guidelines are limited with regards to vitamin and mineral status of children and young
people with CKD. In order to explore the evidence-base in this area of nutritional status, the following chapter
reports the results of a systematic-style review of literature. This will aim to demonstrate variation in the

micronutrient status of children and young people with CKD and identify areas in which evidence is lacking.

Firstly, a framework to be used to methodically approach the literature is proposed. Secondly, two example
nutrients are presented: Vitamin E and Selenium. These have been chosen due to their importance in the
processes that protect the body against oxidative stress (as discussed earlier), and that anecdotally, blood

concentrations of vitamin E are often elevated in CKD, and selenium dietary intake reported as low.

4.1. INTRODUCTION
Anecdote from clinical care suggests that there is a high prevalence of children at risk from nutritional
inadequacy. To place this in the context of previous literature, a series of searches of the existing literature were

performed.

4.1.1. Framework for the evaluation of the literature of micronutrient status

Although the supply of energy and nutrients to a person must clearly influence the structure and function of
bodily systems and a person’s resulting health, understanding the influence of individual nutrients in a living
system is not easily determined. Firstly, the availability of individual nutrients is often linked to that of other
nutrients. Secondly, disease states may add further complication with disruption of the usual homeostatic
mechanisms. Kidney disease is such an example, with many nutrients not only needed for the healthy
functioning of kidney tissue, but having handling of the nutrient and/or their metabolites by the kidney. A well-
recognised example is vitamin A, in which the lack of the ability of the kidney to metabolise retinol-binding
protein results in increased circulating concentrations, removal of retinol from hepatic stores and increased

circulating retinol (156).

Nutrition research examining the micronutrient status of individuals is often reported as cohort studies of dietary
intake and/or biological sample measures such as plasma zinc concentrations. These measurements in isolation
are difficult to interpret and place into a clinical context for the practicing clinician. To facilitate the synthesis of
the available literature in this area, a simple schema was developed in which to place reported results from the
literature. Using such a framework, the literature may be placed into a logical context to understand where
current literature exists and to what extent it is able to answer the questions necessary to make clinical decisions

and to advise patients to alter intake through restriction, or supplementation, for example.

Figure 11 is a proposed schema that asks the question of whether a nutrient may be lacking in a target
population. As with all experiments, interrogation of the literature should begin with an understanding of the
physiology, and a reflection upon why in a given individual the nutrient is particularly important (step 1). In
kidney disease, energy requirements may be increased, and as a result you may expect requirements of some B-
vitamins necessary for energy metabolism to also be greater, for example. Step 2 asks whether from the existing
literature there is evidence of altered status. Within this it is important to question the validity of the test being

used. For example, does hair concentration of selenium truly reflect selenium status of an individual?
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Unfortunately, most measures of nutriture have been validated in healthy individuals, and disease states may
negatively influence this validity (serum zinc concentrations in the acute phase response, for example). Step 3
asks the evidence of the literature that altered status has a negative impact on the individual. Although it might
be assumed that altered concentrations of a nutrient would disrupt structure and function of the system, there
must be evidence that this is detrimental. Such negative impact is not necessarily absolute as altered availability
of nutrients may be beneficial in particular circumstances. For example, the sequestration of iron for which the
human has evolved specific mechanisms to limit its availability to pathogenic organisms. Step 4 asks for the
evidence that intervention (for example, supplementation) improves status, and, step 5, that this intervention is
associated with improved outcomes. Following these five steps, evidence-based guidance can be drawn up (step
6), and its implementation assessed (step 7). Often due to lack of available evidence but with the need for clinical
practice guidance, the questions in this framework are not answered by the literature but clinical practice
guidance formulated. Although such guidance may be useful for the healthcare professional, there must be an
awareness of the potential lack of evidence behind such recommendations and an effort to fill in gaps in
knowledge. It is only through a structured approach to evaluation of evidence that optimal nutritional care be

determined for patients and for healthcare professionals to succeed in providing adequate nutritional care.

[ Why should nutrient x be important? ]
I

[ Is there evidence of low nutrient x status? ]
!

[ Is there evidence that low nutrient x matters? (outcomes data) ]
| !

[ If we intervene to increase nutrient x intake, does statusimprove? ]
I

[ If status improves, do outcomes improve? ]
!

[ Formation of guidance ]
| !

[ Implementation ]

Figure 11. A stepwise approach to interrogating the literature of micronutrient status of children with
CKD.
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4.2.  REVIEW OF THE VITAMIN E STATUS OF CHILDREN WITH CHRONIC KIDNEY DISEASE

4.2.1. Introduction

There are eight vitamers of vitamin E, which are classified into two groups: the tocopherols and the tocotrienols.
Traditional thought is that only alpha-tocopherol is biologically active and there is no capacity for the body to
convert other vitamers into this form. There is some suggestion that other vitamers may have function (157), but
much of the existing literature and clinical guidance has focused solely on a-tocopherol; including the

composition of dietary intake values.

Vitamin E is absorbed in the jejunum by passive diffusion following emulsification and micelle formation with
bile-salts. Once in the enterocyte, tocopherols are incorporated into chylomicrons and transported to the liver,
where alpha-tocopherol is transferred into very low-density lipoproteins (VLDLs), and then transported by the
circulation to tissues and taken-up with lipoproteins. Elimination of vitamin E is predominantly through the
faecal route, either not absorbed (30%) or in bile (158), with some additional loss through the skin (158). Alpha-
tocopherol not bound to its transport protein is metabolised in the liver (to 2,5,7,8-tetramethyl-2-(2'-

carboxyethyl)-6-hydroxychroman, i.e. Alpha-CEHC. This metabolite is excreted in the urine (159).

Kidney interactions

Oxidative stress is greater in those with CKD than healthy peers and is associated with inflammation and
uraemia found in this population. It is associated with risk of cardiovascular disease and mortality (160). There
is evidence of increased oxidative stress even in mild CKD, and increases with degree of impairment and
dialysis (161-164). Duration of dialysis (165) and the use of antioxidants within dialysis machines may also have
an impact (166). Vitamin E is an antioxidant, acting to protect cellular damage via lipid peroxidation of
unsaturated fatty acids within the phospholipid membrane by reactive species.Singlet molecular oxygen (*0,) is
produced following lipid peroxidation, and reacts with lipid, protein and DNA, causing cellular damage. o -
tocopherol ‘quenches’ this reactive molecule, and is additionally able to act as a proton-donor to reactive free-
radical species, such as peroxyl radicals, neutralising them and ameliorating damage. a—tocopherol is superior to
other vitamers in both its ability to inactivate O, (167), and donate hydrogen ions. Although carotenoids are
better 1O, inactivators, plasma concentrations of vitamin E are much higher and therefore physiologically more
significant (72). Following its oxidation when reacting with free-radicals, a-tocopherol may either interact with
peroxyl radical to produce a metabolite or be reduced (and regenerated) via reducing agents including vitamin C

and glutathione.

CKD is known to be a dyslipidaemic state with elevated triglycerides and triglyceride-rich lipoproteins (VLDLSs,
chylomicrons and chylomicron-remnants), and is associated with postprandial lipaemia (168). The mechanism of
hyperlipidaemia in CKD is yet to be fully elucidated, but it has been observed that there is decreased lipoprotein
lipase activity with both decreased gene expression and alteration of the inhibitor/activator ratio between
apolipoprotein-C-Il1/apolipoprotein-Cll, and insulin-resistance which increases hepatic synthesis of VLDL.
Those receiving dialysis have additional potential mechanisms: In peritoneal dialysis (PD), the glucose load of
dialysis fluid can increase insulin resistance, and in those receiving haemodialysis (HD), repeated heparinised
dialysis sessions has been shown to decrease epithelial lipoprotein lipase concentrations. As vitamin E is
transported bound to lipoproteins, blood concentrations increase with increasing lipid concentrations (169).

Increased serum vitamin E concentrations in themselves may not imply truly elevated status because of their
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displacement in high lipid states. In addition, there is evidence that there is increased oxidative stress in those
with CKD, and therefore any given range of vitamin E may need to be higher for those with CKD due to extra
‘demand’ of the vitamin’s role in the antioxidant pathways. It is unclear if the elevated serum vitamin E is due to
displacement from hyperlipidaemia, and may cause vulnerability of cellular membranes to damage, despite

apparent ‘high’ concentrations on blood analysis.

Interaction with other nutrients
High concentrations of vitamin E can reduce absorption of carotenoids (170), but the exact relationship and how

this relates to dietary reference values, particularly in those with kidney disease has not been described.

It has been well-documented that high vitamin E concentrations have an antagonistic effect on vitamin K
pathways, with documentation of increased bleeding tendency in animal experiments (171), decreased risk of
thromboembolism (172) and decreased carboxylation of prothrombin and other markers of vitamin K status
(173). Suggested mechanisms of this interaction include: shared enzymatic machinery needed for wm-oxidation,
then B-oxidation; and role of vitamin E in promoting the xenobiotic pathways of excretion of vitamin, but the

exact interaction(s) are yet to be elucidated.

Vitamin K may prove to be an important nutrient in those with CKD (174), but further limitation of vitamin-K

dependent mechanisms by elevated vitamin E in those with CKD requires more exploration.

Current guidance
Due to its ability to alleviate oxidative stress in patients at risk of CVD, CKD and dialysis patients (aged < 9

years) should receive the daily recommended intake of vitamin E (2).

There is a need to review the literature in a structured way in order to understand the existing literature and

identify areas that are lacking.

4.2.2. Methods

A systematic approach was undertaken with the search strategy outlined in Appendix 11.2. Articles were
reviewed and a narrative review formed. Additionally, a meta-analysis for those children with pre-dialysis,
conservatively-managed CKD was undertaken. Risk of bias was assessed through Newcastle-Ottawa Quality

Assessment Scale (175).

4.2.3. Results

Numbers of articles identified with each search term are reported in Appendix 11.2. Articles were reviewed
firstly by abstract and then full article as needed. As described in Figure 12, 43 articles were initially identified,
with a total of 11 that were appropriate for inclusion in the review, and two suitable for the meta-analysis of pre-

dialysis, conservatively-managed CKD patients. All articles were at high risk of bias (see Appendix 11.2).
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Vitamin E Search Results

‘ 43 titles and abstracts reviewed :,-/ Excluded articles (34):

Review articles = 2
Non-human articles =5

\ Not CKD =12
Ve ~ 9 articles Examining dialyser = 3
Additional articles identified ’ Acute kidney injury =7
through references from Not Children = 4
review articles and clinical - \ Not English language = 1

practice guidelines (2)

11 articles reviewed ‘ Narrative Review

I Y
2 articles for pre-dialysis, conservatively-managed
meta-analysis

Figure 12. Diagram describing excluding articles, and those included in the review for the vitamin E status
of children with CKD.

Narrative Review
A narrative review was undertaken due to the limited and disparate nature of the literature regarding vitamin

status.

Dietary intake
One study in paediatric CKD patients reporting the dietary intake of vitamin E was identified, and found an

adequate intake in those receiving PD (176). In this study, Coleman et al, report the dietary intake of seven
children on PD as assessed by three-day dietary, and six out of seven reported intakes greater than recommended
intakes. No studies were identified reporting dietary intakes in haemodialysis patients or pre-dialysis,

conservatively-managed CKD patients.

Vitamin E status
Literature that exists generally examines the status of vitamin E in receipt dialysis; several of which report

combined HD and PD cohorts.

Haemodialysis
In the adult CKD HD population, plasma vitamin E concentrations have been reported as low (177),

normal(178), and high (179), and that a dialysis session does not affect concentrations (178, 180), with an
absence of vitamin E in dialysis effluent (180). In paediatric populations, low (78), normal (79, 181), and high

(80) plasma concentrations have also been reported.

Peritoneal dialysis
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In the adult CKD PD population, plasma vitamin E concentrations have been reported low and high (182-184).

In paediatric populations, low (78, 185), normal (79) (176), and high (186) concentrations have been reported.

Coleman and Watson (1992) reported adequate vitamin E intake (RDA, 1989) in seven paediatric PD patients
(176).

Erythrocyte concentrations of vitamin E have also been measured. As erythrocytes are particularly prone to

oxidative stress, it is not surprising that these concentrations have been reported as low in children (185).

Naseri et al (2015) reported their Iranian data of 43 dialysis patients (12 PD and 25 HD, mean age of 13.9 years).
As an entire cohort, serum vitamin E concentrations as measured by HPLC were more likely to be low than
normal or elevated with 72% low (as defined as <3, 6, and 5 pg/ml for children, teenagers and adults,
respectively). 21% were within the normal reference range and 7% high (>9, 10 and 18ug/ml, respectively). For
their HD patients (n=25), 84% had low concentrations, 12% normal, and 4% high. A similar picture was
observed in their PD patients (67% low, and 33% normal). The authors reported mortality of their cohort over a
four-year period of 25.6%. Those with low vitamin E concentrations did not have a higher incidence of death
(p=0.175). This mortality is relatively high compared to UK data. The latest UK renal registry (2019) data (3)
quotes 83 deaths in 1,575 (5.3%) children and young people starting RRT between 2003 and 2016, and four-year
survival after initiation of RRT of between 87.6% (0-2 years of age) and 97.7% (8-12 years of age). As Naseri et
al do not explore other measures of nutritional status (without basic anthropometric measures, for example), the
reason for low vitamin E concentrations and higher mortality may be explained by a poor nutritional state,
although severe malnutrition should have not been present with quoted serum albumin concentrations within the
normal reference range. This study may not be representative of children and young people in other healthcare

settings; including the UK.

Zwolinska et al (2006) (181) reported both plasma and erythrocyte concentrations of vitamin E in 21
haemodialysis patients, finding significantly lower plasma and erythrocyte concentrations compared to a control
group (p<0.001). The author additionally measured dialysate concentrations of vitamin E, but unfortunately units
for this measure are missing from the manuscript (0.123 SD%0.019). This same study report vitamin A
concentrations that are lower than those of healthy controls. This finding is unusual in the context of CKD, in
which elevated concentrations would be expected (80, 187), and casts doubt in the validity of these results.
Reasons for this discrepancy may include measurement error in using HPLC which requires skilled analysis. A
study of 16 laboratories found that only seven (44%) produced acceptable serum retinol results with as much as a

120% variation for measurements of retinol in sera (188).

Drukker et al (79) report the plasma vitamin E concentrations of children from Israel across the spectrum of
treatment modalities (10 PDCM, 10 HD, 10 PD, and 10 with a functioning kidney transplant (with a mix of
function — five good, five with a degree of graft impairment secondary to chronic rejection). Fasted serum
vitamin E concentrations were within normal reference range for the author’s laboratory (0.76 +0.19mg/dl), and
despite the presence of dyslipidemia (mostly hypertriglyceridemia) concentrations remained within the normal

reference range after correction for total lipids (0.6-0.8mg/qg).

Pre-dialysis, conservatively-managed CKD
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In paediatric populations, a small number of studies have reported blood concentrations (79, 181, 189).

lughetti et al (2008) (189) report the findings of a small cohort of children with PDCM CKD (n=9) from Italy.
Authors found that lipoprotein composition, including that of tocopherols, were different in CKD compared to
healthy controls. No difference was observed in vitamin E (a-tocopherol) concentrations (CKD: 22.17 SD+5.38,
versus Controls: 14.45 SDx4.11pmol/l, p=0.492) - including after normalisation for plasma cholesterol
concentrations (CKD: 5.05 SD+2.24 versus 4.58 SD+0.73nmol/mg, p=0.580). The mean GFR for the cohort was
41.1 ml/min/1.73m? (range: 9.6 to 75). Of note, mean concentrations of a-tocopherol in the CKD cohort was

greater than the normal reference range used by clinical laboratories in the UK (10-21umol/l).

In the article discussed above, Zwolifiska et al (2006) (181) whilst examining markers of oxidative stress
reported both plasma and erythrocyte concentrations of vitamin E in a paediatric cohort of 46 participants -
grouped as moderate (serum creatinine <265.3umol/l, n=32) and severe (serum creatinine >265.3umol/l, n=14).
The authors report significantly lower plasma and erythrocyte concentrations compared to a control group
(n=27) (p<0.001). The authors additionally measured dialysate concentrations of vitamin E, but unfortunately
units for this measure are missing from the manuscript (0.123 SD£0.019). This same study reports vitamin A
concentrations that are lower than those of healthy controls. This finding is unusual in the context of CKD, in
which elevated concentrations would be expected from both adult (187) and paediatric (80) data, and casts doubt

on the validity of these results.

Meta-analysis of children with pre-dialysis, conservatively-managed CKD

Of the identified studies, two studies report PDCM and a healthy control group serum vitamin E concentrations.
Zwolinska et al (2006) (181) report two groups, both plasma and erythrocyte concentrations. This gives a total of
five concentrations in which to compare through a meta-analysis. To control for the differences in methodologies
and samples, the standardised mean difference between the CKD group and the healthy controls along with

confidence intervals were calculated. Results are displayed in Figure 13.

CKD Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean 5D Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Zwolingka 2006 Plasma, moderate CKD 29.70 2.6 3z 34.74 A52 27 217X -1.35[-1.93,-0.78] 2006 —_—
2wolinska 2006 Plasma, severe CKD 2542 5.21 14 34.73 as2 27 20.2% -1.30 [-2.01, -0.58] 2006 e —
2wolinska 2006 RBC, moderate CKD 3468 401 3z 40.44 A52 27 21.BX -1.20 [-1.76, -0.64] 2006 —
Zwolinska 2006 RBC, severe CKD 3568 412 14 ad4a 452 27 205K -1.06 [-1.75, -0.37] 2006 —
lughettl 2008 22,17 5.38 9 1445 411 B 15.BX 1.52 [0.40, 2.63] 2008 e —
Total (95% CI) 101 116 100.0% -0.80 [-1.53, -0.07] ~l—
Hewerogenehy: Tau® = 0.55; ChP = 22,17, df = 4 (P = 0.0002); F = 2% 5 ) ) i 3
Test for overall effect: Z = 2.15 (P = 0.03} Lower in CKD  Higher in CKD

Figure 13. Meta-analysis of studies assessing the vitamin E status of children and young people with pre-
dialysis, conservatively-managed CKD.

Supplementation studies
Supplementation of vitamin E has been offered as a potential intervention. There is murine model evidence that
vitamin E supplementation may be beneficial for both kidney injury (190), and associated cardiovascular disease

(191). In human subjects, interventional studies with supplementation of vitamin E show mixed results; showing
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benefit (conservatively managed (192-194), PD(194), HD(194, 195)), and lack of benefit (conservatively
managed (196), PD or HD (197)).

Meta-analysis of studies evaluating supplementation in different populations with vitamin E may have not shown
benefit and may increase all-cause mortality (157), but there is thought that this may be due to supplementation
with a—tocopherol alone, which decreases availability of the other vitamers, particularly tocotrienols, that may

hold important roles that have not fully been elucidated (157).

Of the identified articles, four reported results of supplementation in the paediatric CKD population.

Tahzib et al, 1999 (198) report the findings of a small supplementation trial in children with focal-segmental
glomerulosclerosis (FSGS) versus those with non-FSGS aetiology CKD (11 and 9 children, respectively). A
significant improvement in proteinuria is reported in the FSGS group with no change in those of other aetiology
following supplementation with 200 IU twice-daily for three months. The authors do not report the vitamin E
status of the children, nor report measures of oxidative stress to better understand the mechanisms by which this
supplementation has exerted its effect. Additionally, there is a lack of a FSGS-no supplementation control group.
Despite its apparent positive effect on proteinuria, no change in eGFR was observed, although the length of the
study was perhaps not long enough for this to be appreciable. The same authors describe their routine
supplementation using vitamin E in those with FSGS since 1990 without side-effects based on animal studies
and this clinical trial (199).

Modarressi et al, 2012 (200) report in a conference abstract the results of a vitamin E supplementation in
paediatric HD cohort (n=15). In addition to subcutaneous erythropoietin 120 u/kg/week, oral folic acid 1 mg/day
and iron 2 mg/kg/day, oral vitamin E 200 u/day for 3 months resulted in significantly higher concentrations of
haemoglobin (Hb=11.4+/-1.7 vs. 10.1+/-1.9 g/dl and Hct=35.3 +/-5 vs. 31.3+/-6%, P<0.05). Although vitamin E
status, and other factors that might contribute to haemoglobin differences (HD prescription, other nutritional
parameters, aetiology of CKD etc.) are not reported and compared, the difference between the mean
haemoglobin concentrations was 1.3g/dl, a roughly 10% difference that may translate into a clinically significant

difference.

Farid et al, 2009 (201) reported that 21 of the 34 children studied (12 PDCM, 22 receiving HD) had evidence of
elevated lipid peroxidation (elevated F2-isoprostane), and vitamin E supplementation (400 1U/day for 2 months)
resulted in a significant decrease. Unfortunately, the authors do not report the vitamin E status of individuals. It
may be variation in vitamin E status that explains the response/lack of response to this supplementation. These
data are supported by the results from Cristol et al, 1997 (202) and Németh et al, 2000 (203). Cristol et al
reported in that in a small cohort of adult HD patients (n=7), that vitamin E supplementation (500mg daily for 6
months) resulted in a significant increase in erythrocyte vitamin E and a reduction in rhEPO with stable
haemoglobin concentrations. Németh et al (203) describe a supplementation trial in paediatric haemodialysis
patients (n=10) and demonstrated a lack of the increase in oxidative stress induced by rhEPO administration with
vitamin E supplementation, and moreover, a more rapid increase in haemoglobin compared to the same patients
without supplementation. This may be due to increase in erythrocyte survival from decreased oxidative stress

within the erythrocyte or by limiting endogenous erythropoietin expression suppression from oxidative stress—
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mediated pathways (204). Similar to these other supplementation trials, vitamin E status of participants is not

reported.

Larger studies are required with analysis of other potentially contributing / confounding factors; and perhaps
analysis of lipid peroxidation that add evidence of the oxidative stress mechanism of anaemia and its potential

improvement with vitamin E supplementation.

Summary of Narrative Review
Adopting the above framework for reviewing the available literature (Figure 11), the questions are thus

answered:

1. Why should vitamin E be important?

As discussed above there is a clear theoretical risk of altered status on vitamin E in those with CKD with

potential risk of altered oxidative stress (and therefore requirements).

2. Isthere evidence of altered vitamin E status in children with CKD?

As outlined in the above narrative and systematic reviews, existing evidence is limited and is at high risk from
bias. There is a lack of literature regarding dietary intake of vitamin E and biological markers of vitamin E

status. The data that does exist is of small cohorts.

3. Isthere evidence that altered vitamin E status in children with CKD matters?

Although a theoretical risk may be hypothesised, there is no significant evidence that altered vitamin E status in
children with CKD is associated with altered clinical outcomes. It may be that altered vitamin E status is
associated with altered outcomes; with increased oxidative stress altering endothelial damage, cardiovascular

disease risk, and mortality, but there is no literature available examining this question.

4. Does intervention change vitamin E status?

A number of supplementation studies have been published in children (and adults) with CKD, although they do
not examine vitamin E status (intake or biological measure). There is a suggestion that supplementation may
improve haematological responsiveness to erythropoietin supplementation in dialysis patients, but studies are

small, and at risk from bias.

5. Is this change associated with improved outcomes?

Although not associated with a described change in vitamin E status, supplementation with vitamin E may result
in a more rapid correction of anaemia. Due to the lack of status measurement it is unclear as to whether the
supplementation in those individuals that showed improvement was due to a correction of low status to that
within the normal, or that supra-normal delivery is associated with these outcomes. Larger studies that include
assessment of nutriture are needed in order to begin to answer this question. Caution should be advised in

supplementation without a clear understanding of the underlying mechanisms and interactions, as
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supplementation trials for the prevention of cardiovascular disease (and cancer) have been associated with an

increase in all-cause mortality (205).

4.2.4. Summary and conclusion
In this review the existing literature regarding vitamin E status in paediatric CKD has been explored, identifying
a lack of studies to compose evidence-based guidance; including support of the current recommendation for

clinical care.

Using a structured approach to examine the literature, a number of opportunities to better understand vitamin E
in the context of paediatric CKD can be seen, and their exploitation may decrease unwanted variability in the
clinical course of children, improve patient outcomes, and decrease healthcare costs.

Limited data exist for the vitamin E status of children with CKD, this is despite the theoretical influence of
antioxidant nutrients, including vitamin E having influence over both progression of kidney disease and its
complication, such as anaemia. Studies reporting vitamin E status have reported conflicting results with statuses
lower than, the same as, and greater than the healthy population/controls. Supplementation trials that exist are
small and have not reported vitamin E status at baseline. It has been suggested that FSGS may be a specific sub-
group of CKD that may benefit from supplementation. True requirements of vitamin E for children and young
people with CKD have not been determined, but theoretically may be greater due to the presence of increased
oxidative stress. Small trials suggest that those in receipt of HD, and administration of erythropoietin (with their
increased associated oxidative stress) may benefit from vitamin E supplementation with regards to anaemia and
rhEPO dose, although larger studies are required. That being said, supplementation of vitamin E should be
carefully studied as supplementation on the population level has been associated with an increase in all-cause
mortality.

4.25. Recommendations clinical practice

Due to its ability to alleviate oxidative stress in patients at risk of cardiovascular disease, patients with CKD
should receive the recommended daily intake of vitamin E. The role of additional supplementation above this,
even in the pro-oxidative stress context of HD is yet to be proven.

Caution should be exercised with regards to vitamin E supplementation in paediatric CKD despite a theoretical
benefit and some promising small study results. As there is a scarcity of robust evidence to support
supplementation of vitamin E with evidence of increased mortality in supplementation trials in other populations

— which cannot be currently explained.

4.2.6. Recommendations for future research

Much research directed towards understanding potentially altered vitamin E handling, and requirements in
paediatric CKD, and the associated dyslipidemia is required. Perhaps first steps may be to explore the dietary
intake of vitamin E and blood concentrations of vitamin E in children with CKD. The relationship with vitamin
E status and hydrogen peroxide-induced haemolysis in children with CKD in addition to exploring how
decreased kidney function alters alpha-CEHC concentration, and the influence of non-eliminated alpha-CEHC,
would be beneficial.
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As with all antioxidants, vitamin E may prove useful in rebalancing the redox scales unbalanced in those with
CKD. More study is warranted in the role of supplementation of children with CKD, both using vitamin E and
other antioxidants, including in combination (including selenium and niacin required for glutathione peroxidase
activity, and vitamin C). This may be especially interesting in-view of the small studies reporting the potential

benefit of vitamin E supplementation and haemoglobin.

As nutrition is the cornerstone for patient care, a concerted effort should be undertaken to increase knowledge
about requirements of nutrients; including vitamin E to facilitate healthcare professionals supplying optimal
nutrition to their charges.
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4.3. REVIEW OF THE SELENIUM STATUS OF CHILDREN WITH CHRONIC KIDNEY DISEASE
43.1. Introduction

Selenium is a mineral that acts as a cofactor in several enzyme processes; there are around 25 selenoproteins.
The action of which include: thyroid hormone metabolism; antioxidant defence; and immunological function
(206). There are several glutathione peroxidase (GPx) enzymes, found in either the cytosol, mitochondria, or
associated with the cellular membrane, and depending upon tissue type. The crucial role of GPx means that

reduction in the function of selenoprotein results in cellular damage due to uncontrolled oxidative stress.

The selenium content of foodstuffs is highly variable depending upon the environment in which the food is
raised. Selenium is randomly incorporated into sulphur-containing amino acids (cysteine and methionine) in
place of sulphur; i.e., selenocysteine and selenomethionine. Selenium also exists independent of amino acids, as
selenate (Se0,*) and selenite (SeO3%). These forms are transported via a sodium-dependent transporter and

passively absorbed, respectively, whilst amino acids have specific transporters.

In the bloodstream, selenium is transported to the liver bound to albumin or as free amino acids. Selenium is
incorporated into selenoprotein P (50 - 80 %) in the liver for transportation, or as glutathione peroxidase-3
(GPx3) from the kidneys.

The Primary excretion pathway for selenium and mechanism by which homeostasis is maintained is via the urine

as selenometabolites, the commonest of which is methyl-seleno-N-acetylgalactosamine (207).

Kidney interactions

There is some evidence in animal models that selenium may have a protective role against renal injury. Firstly,
in rats, deficiency is associated with AKI (208),and supplementation correlated with improved serum creatinine,
urea, and histopathological changes in cisplatin-induced Aksoy (209) and gentamicin-induced (210) AKI. When
given in combination with erythropoietin in a murine model, selenium seemed to bestow some benefit in
ischemia-reperfusion injury (211). Evidence in human subjects is lacking, although a randomized, controlled
trial by Ghorbani et al in 2013 found that cancer patients who received cisplatin therapy had a decreased
incidence of AKI when pre-treated with selenium (212).

Current Guidance
Patients should receive a daily dietary intake that meets the recommended intake, but routine supplementation is

not recommended (2).

There is a need to review the literature in a structured way in order to understand the existing literature and

identify areas that are lacking.

4.3.2. Methods

A systematic approach was undertaken with the search strategy outlined in Appendix 11.2. Articles were

reviewed and a narrative review formed. Additionally, a meta-analysis for those children with pre-dialysis,
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conservatively-managed CKD was undertaken. Risk of bias was assessed through Newcastle-Ottawa Quality
Assessment Scale (175).

4.3.3. Results

Numbers of articles identified with each search term are reported in Appendix 11.2. Articles were reviewed
firstly by abstract and then full article as needed. As described in Figure 14, 25 articles were initially identified,
with a total of six that were appropriate for inclusion in the review, and two suitable for the meta-analysis of pre-

dialysis, conservatively-managed CKD patients. All articles were at high risk of bias (see Appendix 11.2).

Selenium Search Results

25 titles and abstracts reviewed { Excluded articles:

Reviewarticles=1
Non-human articles=5

: NotCKkD = 12
: 5 Not selenium status = 1
Additional articlesidentified Not children=1
through references from )
review articles and clinical
practice guidelines (1)
6 articles reviewed ‘7 > Narrative Review

2 articles for pre-dialysis, conservatively- ‘
managed CKD meta-analysis

Figure 14. Diagram describing excluding articles, and those included in the review for the selenium status
of children with CKD.

Narrative Review
A narrative review was undertaken due to the limited and disparate nature of the literature regarding vitamin

status.

Dietary Intake
No studies reporting selenium dietary intake in children with CKD were identified on review of the literature.
Ortac et al (213) attempted to quantify dietary selenium intake, but the return of dietary data from participants

was poor enough that this element of their study was abandoned.

Selenium status
Selenium status has been assessed through serum concentration, hair and nail concentrations, as well erythrocyte

levels and as activity of the selenoproteins, such as glutathione peroxidase (GPx).
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Esmaeili and Rakhshanizadeh (2019) (214) report the trace element concentrations of a cohort of CKD patients
from Iran into treatment modality (pre-dialysis, conservatively-managed CKD; HD; PD and healthy controls).
Although serum selenium concentrations were lower in those in receipt of dialysis, the authors report no
difference between selenium concentrations in conservatively-managed CKD (mean GFR = 8 ml/min/1.73m?)
compared to healthy controls. This study suggests that those on dialysis are at greater risk from nutritional
inadequacy with lower selenium status, but the study does not directly explore the reasons for this. Moreover, the
average concentration of the group with the lowest selenium concentration (CAPD, 100.44 pg/l) is within the
normal reference range for our local hospital (1.28 pmol/I; 0.7-1.7 pmol/l), so the clinical significance of this
statistical difference requires further exploration. The study does not explore the role of dietary intake, and
although the authors postulate that the reported lower status in dialysis patients is secondary to dialysis losses,

their study did not report dialysis effluent losses of selenium to justify their position.

Ortac et al (213) reported selenium status in 93 Turkish patients, including 32 patients with conservatively
managed CKD (GFR=27ml/min/1.73m?), 42 PD patients, 19 HD patients and 34 healthy children. Hair selenium
concentrations and GPx activity were significantly lower in those with CKD compared to the control group. The
authors report no correlation with disease severity (GFR) for either hair selenium concentrations or GPx activity,
and a lack of agreement between hair selenium and GPx activity. Of note the healthy control group had a mean
GFR of 84 ml/min/1.73m? which is not normal. The authors do not describe the selection process of the control
group. Although an attempt was made to predict dietary intake, the authors report poor familial compliance with
the study protocol in return of completed dietary data to characterise dietary selenium. Although the authors state
that participants did not have contact with selenium containing shampoo products, they do not qualify how this

was achieved. Moreover, hair and nail selenium concentrations are not felt to represent selenium status (215).

Joyce et al (2018) from the UK reported selenium concentrations in their dialysis cohort study of 47 children and
young people (80). Their cohort consisted of 19 PD and 28 HD patients. 65% achieved normal ranges of
selenium, with low concentrations reported in 28%, and high in 7%. As in the above studies, dietary intake and
dialysis losses are not characterised to understand the variation in those children and young people whose

concentrations lay outside of the normal reference range.

Zwolinska et al (2004) report an examination of oxidative stress in 46 Polish children and young people with
pre-dialysis CKD. Concentrations of selenium both in plasma and erythrocyte were lower in those with CKD
compared to healthy controls. On analysis between those with less or more severe disease (serum creatinine
above or below 265.3umol/l), no difference was reported. Moreover, the average plasma values for the more
severe disease group was 0.87 pmol/l (SD+ 0.12) within the range found in the general population. This study
did not evaluate dietary selenium intake. The same group reports the selenium status (plasma and erythrocyte
concentrations) in the dialysis patient cohort (CAPD=10, HD=21, control 27) (216). The study reported dialysis
patients having lower selenium concentration compared with their control group, but with mean value within the
normal reference range (0.74 pmol/l compared to 1.07 umol/l). Change in plasma and erythrocyte selenium
concentration before and shortly after starting HD were significantly different, suggesting possible losses,
although the effluent was not analysed. This reported study has the same limitation to those described above,

without dietary characterisation.
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Sommerburg et al (2002) report GPx activity in a cohort of children on HD. The authors report GPx in this
cohort as almost twice as high than their other analysed groups. The selenium status of the children are not

reported.

As described above, in paediatric PDCM patients, lower biological samples have been reported (213, 217). GPx
activity has also been found to be lower compared to healthy controls, but with contradictory results regarding
correlation between GPx activity and renal function; and activity and selenium status (213, 217). Low results
were also described in those receiving PD and HD despite only trace amounts of selenium in ultrafiltrates (216),
but with contradicting studies (186). The above data is also limited by the lack of corresponding dietary intake
analysis, as intake variability is likely to be the main determinant of status. In children and young people with

blood concentrations lower than control groups, average concentrations are within the normal reference range.

The paediatric data are concordant with adult patients; with selenium being likely deficient in those receiving
haemodialysis (218-220). In adults, whole blood and serum selenium has been reported to be correlated with
degree of renal impairment (Yilmaz et al, 2015). CKD patients with low selenium have increased mortality,
especially due to infection (221), but this serum selenium may be a reflection of nutritional status rather than
causally-related; as serum selenium correlates with nutritional status in dialysis patients (222, 223). Some studies
evaluating conservatively managed CKD patient have demonstrated that selenium supplementation increases
selenium levels, reduces products of oxidative stress and increases plasma and erythrocyte GPx activity (208),

but how (if at all) this converts into clinical outcomes is yet to be determined.

In conclusion, current guidelines for intake are based on general population and although there is no data on
selenium intake of children with CKD, but the general population are at risk from not meeting needs so likely
CKD children are too. There is a small body of evidence suggesting selenium status may lower in children with
CKD, and this is concordant with literature from the adult CKD population. The mechanisms whereby this
deficiency may result is unclear, and what implication this may have, or the effect of supplementation upon the

health of children with CKD remains to be explored.

Meta-analysis of children with pre-dialysis, conservatively-managed CKD

Of the identified studies, two studies report PDCM and a healthy control group’s plasma selenium
concentrations. Zwolinska et al (2004) (217) report two groups, both plasma and erythrocyte concentrations.
This gives a total of five concentrations in which to compare through a meta-analysis. To control for the
differences in methodologies and samples, the standardised mean difference between the CKD group and the

healthy controls along with confidence intervals were calculated. Results are displayed in Figure 15.
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CKD Control 5td. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI

Zwolingka 2004 Erythrocyte, moderate CKD 0.12 001 32 014 0.01 27 204X -1.97 [-2.60, -1.34] 2004 —=

Zwolinska 2004 Erythrocyte, severe CKD 0.11 9002 14 014 001 27 183X -2.08 [-2.88, -1.28] 2004 e —

Zwolinska 2004 Plasma, moderawe CKD 093 008 32 107 0.06 27 204X -1.93[-2.56,-1.30] 2004 —

Zwolingka 2004 Plasma, severe CKD 0.87 012 14 107 0.06 27 101X -231[-3.14,-1.48] 2004 —_—

Esmaeil 2019 117.71 2239 14 115409 2478 78 20.7%  0.11 [-).46, 0.66] 2019 i

Total (95% CI) 106 186 100.0% -1.62 [-2.58, -0.66] e

Hewrogenehy: Tawd = 1.08; ChE = 40.12, df = 4 (P < 0.00001); F = 50X y ) 3 1

Test for overall effect: Z = 3.30 (P = 0.0010) Lower in CKD Higher in CKD

Figure 15. Meta-analysis of studies assessing the selenium status of children and young people with pre-
dialysis, conservatively-managed CKD.

Supplementation studies

There are some animal studies that suggest that selenium supplementation may bring benefits for those with
kidney disease. In chickens, selenium supplementation afforded protection against chromium IV-induced
nephrotoxicity and oxidative damage (224). In mice, selenium supplementation had protective effects of sodium
azide-induced oxidative stress (225). In diabetic kidney disease, a systematic review and meta-analysis of
antioxidant supplementation was shown to have a positive effect of albuminuria, although no other markers of

disease progression (226). There are no paediatric CKD supplementation studies available for review.

Summary of Narrative Review

Adopting the above framework for reviewing the available literature, the questions are thus answered:

1.  Why should selenium be important?

As discussed above there is a clear theoretical risk of altered status of selenium in those with CKD with potential
altered risk of altered oxidative stress (and therefore requirements).

2. Isthere evidence of altered selenium status in children with CKD?

As outlined in the above review, evidence that exists is limited and is at high risk from bias. There is a lack of
literature of dietary intake of selenium and biological markers of selenium status. The data that does exist is of
small cohorts. Only one study was identified that reported dialysis losses, the clinical significance of this is
difficult to assess.

3. Is there evidence that altered selenium status in children with CKD matters?

Although a theoretical risk may be hypothesised, there is no significant evidence that altered selenium status in
children with CKD is associated with altered clinical outcomes. It may be that altered selenium status is
associated with altered outcomes; with increased oxidative stress altering endothelial damage, cardiovascular

disease risk, and mortality, but there is no literature available examining this question.

4. Does intervention change selenium status?

There were no identified selenium supplementation trials.

5. Is this change associated with improved outcomes?
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There were no identified selenium supplementation trials.

4.3.4. Summary and conclusion
In this review the existing literature regarding selenium status in paediatric CKD has been explored, identifying a
lack of studies to compose evidence-based guidance; including support of the current recommendation for

clinical care.

Using a structured approach to examine the literature, a number of opportunities to better understand selenium in
the context of paediatric CKD can be seen, and their exploitation may decrease unwanted variability in the

clinical course of children, improve patient outcomes, and decrease healthcare costs.

Limited data exist for the selenium status of children with CKD, this is despite the theoretical influence of
antioxidant nutrients, including selenium having influence over both progression of kidney disease and its

complications such as cardiovascular disease.

4.3.5. Recommendations clinical practice

Ensure adequate intake of selenium; and if deemed at risk of deficiency (or signs/symptoms) measurement of
serum selenium as a marker of status could be made, although functional tests are not readily available in clinical
care. Consideration should be made of supplementation for a trial period followed by reassessment; evaluating
improvement in appetite, growth velocity, signs and symptoms of low status (lethargy, muscle-aches etc.), but
caution should be exercised with regards to selenium supplementation due to the relatively small range between

recommended intakes and upper tolerable limit.

4.3.6. Recommendations for future research

It may well be that glutathione peroxidase, primarily synthesized in the kidney and altered in relation to renal
function. The conservation of selenium through the reabsorption of selenoproteins filter by the kidney is likely to
be impaired by the dysfunctional kidney either through damaged mechanisms or through over saturation of the
megalin-endocytotic process due to proteinuria seen in CKD. This may result in increased urinary selenium
losses, and loss of control of the homeostatic process. Although functional assays are more likely to reflect body
status of selenium, GPx1 polymorphisms have been shown to influence both the enzyme’s activity in response to
selenium concentration (227) and oxidative stress response (228), and more research is needed to understand

how this may alter its interpretation of selenium status.

Due to the increased oxidative stress that CKD represents, there may be increased demand for the defensive
selenoproteins, how this increased oxidative stress changes the metrics by which nutriture is assessed or the

requirement of the body in this state needs further exploration.

4.4. DISCUSSION

In this chapter, | have presented example systematic-style reviews assessing the available literature reporting
vitamin E and selenium status of children and young people with CKD, focusing on PDCM CKD. To
summarise, the existing literature is limited, conflicting, and at high risk of bias. The literature available is not
strong enough to base clinical practice guidelines upon, and much research is needed in order to better

understand those at risk from nutritional inadequacy.
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The reviews are systematic-style reviews rather than full systematic reviews. This was due to limitations of time
and resources for a second reviewer. Therefore, although methodical and reproducible literature searches were
undertaken, there may be increased risk of bias.

In the subsequent chapter, | will report the findings of a cohort study which examines vitamin and mineral status
in a cohort of children and young people with CKD and place these measures in the context of clinical and
nutritional status; including that of growth.

4.4.1. Practice Points
e There is limited evidence to underpin the current recommended dietary intakes. Although the current
recommended intakes can be used as a starting point for clinical care, a critical, individual approach
should be taken to identify those that may have nutritional inadequacy of one or several vitamins and

minerals. An understanding of the biological handling of these nutrients is important for this approach
to be taken.
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5. TRACE ELEMENT AND MALNUTRITION IN PAEDIATRIC RENAL DISEASE (TEMPERED) STUDY
Following a broad overview of the paediatric nephrology service, the subsequent chapter details a study to
characterise in more depth a smaller cohort of CYP with CKD. This will aim to demonstrate variation in
nutritional status in those children and young people with CKD and begin to explore relationships with variables;
including disease severity.

5.1. INTRODUCTION

There is limited data regarding the nutritional status of children and young people with CKD. To explore the
variation in nutritional status of children and young people with CKD across the spectrum of disease a cohort of
children and young people are characterized through the described Trace Element Malnutrition in Paediatric
Renal Disease (TEMPeReD) study.

5.2. STuDY DESIGN
An observation cross-sectional study was conducted to clinically and nutritionally characterise a cohort of

children with CKD. In addition to baseline data, follow-up data was collected at six and twelve months.

Nutritional characterisation consists of: anthropometric measures, dietary assessment, blood concentrations of
micronutrients, appetite assessment. Additionally, blood measurements of kidney function, urinary protein-to-

creatinine ratio, and other routine clinical indices together with health-related quality of life questionnaire scores.

A thorough exploration of appetite and health-related quality of life are covered in subsequent chapters.

5.2.1. Inclusion Criteria
e Aged between 3 and 17.99 years;
e CKD (stages 2 to 5D and including post-transplantation);
e  Under care of the paediatric nephrology team at Southampton Children’s Hospital;

e Informed consent.

5.2.2. Exclusion Criteria
e Aged <3 years or >18 years;
e CKD stage 1;
e Lack of informed consent.

5.2.3. Data Collected at baseline visit
e  Clinical details; including aetiology of CKD; duration of illness and medications;
e Anthropometric measures; including height, weight, mid-upper arm circumference and waist
circumference;
e Bloods samples;
e Urine samples;

e Health-related quality of life assessment and appetite assessment questionnaires.
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5.2.4. Ethical Approvals
The study was approved by a Health Research Authority South East — Surrey Research Ethics Committee (REC
Reference: 16/L0O/0041). Informed consent was obtained from all individuals included in the study, with

informed consent obtained from care-givers and informed assent as appropriate.

5.3. METHODS

5.3.1. Recruitment

A total of 160 patients were identified through upcoming patient clinic attendance lists. All patients that were
eligible were sent study information and a letter of invitation by post, with a subsequent face-to-face invitation

on attendance at routine clinical appointment.

Children were recruited on a ‘first come, first served’ basis, until 60 children and young people were recruited.
Seven families declined to participate. The sample size of 60 was chosen as a pragmatic number of the available
families, with no use of power calculation to determine sample size. All data were collected upon attendance at

routine clinic out-patient review.

5.3.2. Growth and Anthropometry

The following body measurements were obtained: height, weight, mid-upper arm circumference, waist
circumference as per hospital and research facility standard operating procedures and performed by the clinical
and research team that had been trained and assessed in their performance. These values were subsequently used
to calculate body-mass index, waist-to-height ratio, and where appropriate standard deviation scores (SDS) with
comparison to reference standards (27). Height velocity was calculated with comparison to height measurement

in the clinic six-months prior to the baseline visit, and SDS calculated.

5.3.3. Estimation of Dietary Intake

Estimation of dietary intake of the children and young people is through 24-hour dietary recall, using a multiple-
pass approach (an unstructured, uninterrupted listing of all foods and beverages consumed, followed by a
structured approach to data collection including memory cues, ending in an unstructured question for any other
foods recalled and included several additional memory cues). Food intake was coded and analyzed using
Netwisp computer software (Tinuviel Software Ltd, UK), which provides comprehensive nutrient analyses using

a large food database, to give estimated nutrient content and compared with dietary reference values.

5.3.4. Biological samples

Blood and urine samples were collected from participants at the time of usual blood sampling and if the
participant was not anuric, respectively. Samples were analysed by the clinical science laboratory at University
Hospital Southampton NHS Foundation Trust through their quality assurance framework and using their normal
reference values. Additional aliquots of blood and urine were stored at -80°C to facilitate batch analysis, the

details of which are described in the relevant chapters.

5.3.5. Follow-up data
Data (height, weight, and serum creatinine) were collected at 12 months following baseline assessment through

usual clinical follow-up with no additional hospital attendance and collected as described above.
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5.3.6. Data handling

A dedicated database was developed to collate routine clinical and research data. A working group of healthcare
professionals with an interest in paediatric nephrology and nutrition comprising of an associate professor in
nutrition, a paediatric kidney dietitian and a clinical research fellow in paediatric nephrology composed a first
draft of the data points that the proposed database should encompass, and through an iterative process and

refinement of a Microsoft Access Database was developed.

5.4, RESULTS

The TEMPeReD study is divided into four subsections that are now discussed separately, followed by a
summary and discussion of the findings as a whole. Firstly, the cohort characteristics are described as an entire
cohort and as a subgroup of pre-dialysis, conservatively-managed CKD children and young people. It is this
subgroup that continues to be the focus of the subsequent analyses. Secondly, data regarding growth and
anthropometry are reported and discussed. Thirdly, dietary intake data from the cohort including energy,
micronutrient and dietary fibre intake. Fourthly, blood concentrations of micronutrients are explored. Finally, the

results as a whole are summarised and discussed.

5.4.1. TEMPeReD Cohort characteristics

Sixty children with CKD were recruited; 46 of whom were conservatively managed, 10 had previously
undergone kidney transplantation, and four were receiving dialysis (three haemodialysis, one peritoneal dialysis).
Mean age 10.7 years (x4.0), with 40 (66.7%) boys and 20 (33.3%) girls.
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Table 5. Patient characteristics for the entire TEMPeReD cohort (n=60).

Patient Characteristics

Age (years)

Mean = 10.658 (SD+3.99, range = 3.72 to 17.78)

Gender Male = 40 (66.7%), Female = 20 (33.3%)
eGFR (ml/min/1.73m?) Mean=52.68 (SD+24.54, range =5.10 to 116.00)
CKD stage

Stage 2 22 (36.7%)

Stage 3a 9 (11.7%)

Stage 3b 18 (20%)

Stage 4 6 (10%)

Stage 5/5D/5Tx 5 (23.3%)
Renal Replacement Therapy

Conservatively managed 55 (91.7%)

Peritoneal dialysis 1 (1.6%)

Haemodialysis 4 (6.7%)

Plasmapheresis 1 (1.6%)

Received a kidney transplant graft

10 (16.7%)

Time since diagnosis (months)

Mean = 88.68 (SD+53.44, range = 8 to 203)

Systolic blood pressure SDS

-0.50 (SD0.85)

Diastolic blood pressure SDS

-0.52 (SD%0.94)

Aetiologies
Hypoplasia/dysplasia
Obstructive nephropathy

14 (23.3%)
11 (18.3%)

Nephrotic syndrome 5 (8.3%)
Haemolytic uraemic syndrome 8 (13.3%)
Reflux nephropathy 7 (11.6%)
Ischaemic injury 5 (8.3%)
Idiopathic 4 (6.6%)
Post-infective glomerulonephritis 1(1.6%)
Tubulointerstitial nephritis 1 (1.6%)
Drug-induced nephropathy 1 (1.6%)
Wilms’ tumour 1 (1.6%)
Polycystic kidney disease 1 (1.6%)
Kidney venous thrombosis 1 (1.6%)

Demographic details of the entire cohort at baseline. Abbreviations: CKD — chronic kidney disease;
eGFR — estimated glomerular filtration rate; ICR — interquartile range; SD — standard deviation; SDS

— standard deviation score.
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Table 6. Demographic details of the pre-dialysis, conservatively managed cohort.

True conservatively managed children (i.e., no dialysis and never received a kidney transplant)

Total 46
Age (mean; years) 10.50 (SD+4.19)
Gender Male = 28 (60.87%), Female = 18 (39.13%)
eGFR (mean; ml/min/1.73m?) 57.35 (SD+23.95)
CKD stage
2 21 (45.7%)
3a 7 (15.2%)
3b 12 (26.1%)
4 5 (10.9%)
5 1 (2.2%)
Diagnosis
Dysplasia 11 (23.9%)
Obstructive Nephropathy 8 (17.4%)
HUS 8 (17.4%)
Reflux Nephropathy 7 (15.2%)
Ischaemic Injury (e.g., HIE) 3 (6.5%)
Idiopathic 2 (4.3%)
Nephrotic Syndrome 1(2.2%)
Syndrome-Related 1(2.2%)
Tubulo-interstitial Nephritis 1(2.2%)
Wilms’ Tumour 1(2.2%)
Kidney Venous Thrombosis 1(2.2%)
Polycystic Kidney Disease 1 (2.2%)

Number of medications

3.89 (SD+2.54)

Anti-hypertensive Use

26 (56.5%)

Dose of enalapril (median; mg/kg)

0.1838 (IQR=0.11)

Time since diagnosis (mean; months)

93.27 (SD%55.34)

Systolic blood pressure SDS

-0.52 (SD+0.84)

Diastolic blood pressure SDS

-0.52 (SD+0.50)

Demographic details of the conservatively managed subgroup only. Abbreviations: CKD — chronic
kidney disease; eGFR — estimated glomerular filtration rate; ICR — interquartile range; SD — standard

deviation; SDS — standard deviation score.
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5.4.2. Growth and Anthropometry at Baseline

Within the cohort, most children lay within normal reference ranges for growth parameters (-2 to +2SD). There
was a shift of the population to be shorter and heavier-for-height than the reference population, and a large
variation in height velocity SDS.

5.4.2.1. Poor Growth
From the entire cohort (n=60), 17 (28%) had poor growth defined by HtSDS <-2, and 17 (28%) defined by
HtVelSDS <-2. These were not the same children, as only six had both HtSDS and HtVelSDS below -2.
£.00
5.00—

4.00=

3.005

2.00
1.007

00— .

Height SDS

-1.00 - T =

200 T— —

-3.00 . ! .

-4.00

-5.00 T T ] T T T
-5.00 -4.00 -3.00 -2.00 -1.00 0o 1.00 200 3.00 400 5.00

BMI SDS

Figure 16. Height SDS and BM1I SDS for the cohort (n=60).

Height SDS and BMI SDS are plotted with normal reference lines of -2 and +2 SD. Dotted blue lines
represent the mean BMI SDS and median Height SDS. The red dotted line represents a height SDS of -
1.88 that has been associated with an increase in morality. Although canonical descriptions of those
with kidney disease describe “short and thin” individuals, these data can be broadly divided into three
growth phenotypes: Normal height and weight-for-height (centre quadrant); short and light-for-height
(bottom middle quadrant); and normal height and heavy-for-height (middle, right hand side quadrant).
Abbreviations: BMI — body mass index; SDS — standardised deviation score.
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Anthropometry Standardised Deviation Scores for the Cohort
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Figure 17. Baseline anthropometry SDS for the TEMPeReD cohort (n=60).

Standardised deviation scores for height, weight, body mass index, mid-upper arm circumference and
height velocity are shown for the entire cohort. Median scores with interquartile range are shown in
red. The black dotted lines represent the normal reference range of -2 to +2 SDS. Most children lay
within the normal reference range for measurements, but compared to the reference standard, the
cohort were shorter, with a large variation in height velocity. The variation in height velocity may
represent a shifting of the normal growth curve to the right, with delayed pubertal growth spurt, and or
catch-up growth following. Abbreviations: BMI — body mass index; Ht — height; Ht Vel — height
velocity; MUAC — mid-upper arm circumference; SDS - standardised deviation score; Wt — weight.
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5.4.3. Pre-dialysis, Conservatively-Managed (PDCM) Subgroup.

A similar picture of growth was reported in the PDCM subgroup (i.e., dialysis and transplant recipients
excluded) to the entire cohort. Median height SDS was -0.65 (IQR=2.03, range = -4.48 to 4.23.). Mean values
(with standard deviations) of weight SDS and BMI SDS for the cohort were -0.43 (£1.81), and 0.32 (+1.41),
respectively. HtSDS, WtSDS, BMI SDS, MUAC SDS and Height velocity SDS are displayed in Figure 18.

54.3.1. Poor growth
From the PDCM group (n=46), 12 (26%) had poor growth defined by HtSDS <-2, and 17 (26%) defined by
HtVelSDS <-2. These were not the same children, as only six had both HtSDS and HtVelSDS below -2. There

was no significant difference between the sexes.
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Figure 18. Baseline anthropometry SDS for the Pre-dialysis, conservatively-managed subgroup (n=46).
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Standardised deviation scores for height, weight, body mass index, mid-upper arm circumference and
height velocity are shown for the entire cohort. Median scores with interquartile range are shown in
red. The black dotted lines represent the normal reference range of -2 to +2 SD. Most children lay
within the normal reference range for measurements, but compared to the reference standard, the
PDCM group were shorter, with a large variation in height velocity. The variation in height velocity
may represent a shifting of the normal growth curve to the right, with delayed pubertal growth spurt,
and or catch-up growth following. Abbreviations: BMI — body mass index; Ht — height; Ht Vel — height
velocity; MUAC — mid-upper arm circumference; PDCM — Pre-dialysis, conservatively-managed; SDS
- standardised deviation score; Wt — weight.



Factors that may influence the presence of poor growth were explored. There was no difference between those
with HtSDS<-2 and those with HtSDS>-2 for: Age (Mann-Whitney U test (MWU) t=214.5, p=0.793); time since
diagnosis (MWU t=205.5, p=0.970); number of medications (MWU t=267, p=0.111); eGFR (MWU t=227,
p=0.565); degree of proteinuria (UPCR) (MWU t=153.5, p=0.964); dose of ACE-inhibitor (mg/kg) (MWU
t=188.5, p=0.686); C-reactive protein (MWU t=196, p=0.422); or level of deprivation (IDACI score) (MWU
t=190, p=0.849). PTH and serum albumin were significantly different (PTH: MWU t=91.5, p=0.038; serum
albumin: MWU t=262, p=0.022), but this significance did not remain following Bonferroni correction (p=0.380
and p=0.220, respectively). Median PTH in stunted children was 2.7 pmol/l (IQR+1.5) and serum albumin was
42 g/l (IQR£3.75). Compared to those not stunted, PTH was 5.7 pmol/l (IQR+7.9) and serum albumin was 39.5
g/l (IQR4.5).

HtSDS and BMISDS demonstrated a positive correlation (S.rho=0.568, p<0.0005). There is no clear pattern with
regards to sex distribution or aetiology of CKD with regards to those that have poor growth (HtSDS<-2) or obese
(BMISDS>2). Graphs demonstrating this are in Appendix 11.3.
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5.4.3.2. Height Velocity
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Figure 19. Poor growth as defined by height velocity versus kidney function in the pre-dialysis,
conservatively-managed CKD subgroup (n=46).

If grouped as either (i) HtVel SDS <-2, or (ii) HtVel SDS >-2, there was a significant difference in
eGFR (t-test t(44=2.329, p=0.025) with those with HtVel SDS <-2 having higher eGFR (65.54
SD+24.59ml/min/1.73m? versus 49.84 SD+21.14 ml/min/1.73m?). There was no difference between
groups in degree of proteinuria, or medication burden. Those with HtVel SDS <-2 were younger (8.49
SD+3.61 versus 12.35 SD+3.87 years; t(44)=-3.495, p=0.001) and more recently diagnosed (73.68
SD+49.45 versus 109.17 SD+55.68 months; t(44)=-2.277, p=0.028).

5.4.3.3. Under-weight and Wasting

17% of the cohort are under-weight (WtSDS <-2), with one child wasted (BMI SDS <-2). There is no
relationship with degree of kidney impairment (eGFR).
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Figure 20. Weight SDS versus eGFR within the TEMPeReD cohort (n=60).
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(1) Red circles represent those individuals with WtSDS <-2 and BMI SDS <-2. (2) Red circles represent those

individuals with WtSDS <-2. There is no correlation between weight SDS and kidney function (eGFR).

5.4.3.4.
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In addition to stunted children, the cohort also had a proportion of obese children. When comparing different
definitions of obesity, the prevalence of obesity in the cohort was: BMI SDS >2 = 13%; WHtR >0.5 = 41%; WC
>90™ centile = 11%. Kappa-agreement values between the definitions were: BMI SDS >2/WHtR >0.5 «=0.351;
BMI SDS >2/WC >90" centile k=0.484; WHtR >0.5/WC >90" centile k=0.111. There was no difference in rates
of BMI-defined or WHtR-defined obesity between girls and boys.

There was no difference in BMISDS depending upon CKD stage (One-way ANOVA F(5)=0.275, p=0.924), and
no correlation between eGFR and BMISDS (Pearson correlation coefficient = -0.084, p=0.581).
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Figure 21. Obesity (BMI SDS) versus central obesity (waist-to-height ratio) (n=60).

13% of children and young people were obese (BMISDS>2), but with abdominal obesity (WHtR>0.5),
41% were defined as obese. There was a strong correlation between BMISDS and Waist-to-height ratio
(Spearman’s rho = 0.830, p<0.0005). Red circles represent those that are obese by both definitions;
amber circles represent those with central obesity defined by waist-to-height ratio >0.5; green circles
represent those that lay within the normal reference range for both measures; and the purple circle
presents the individual that has a low weight-for-height (BMISDS <-2).

5.4.3.5. Follow-up data at 12 months
Data (height, weight, and serum creatinine) were collected at 12 months following baseline assessment through

usual clinical follow-up.

A change in height SDS of 0.2 was a priori determined to likely represent a true deviation in SDS. Examining
the entire cohort (n=60), 52 had height measurements available at 12 months and from these 32 (61.5%) showed
no change in height SDS (+0.2 SDS difference), six (11.5%) a decrease in HtSDS of greater than 0.2 SDS, and
14 (26.9%) an increase in height SDS of greater than 0.2 SDS. In the PDCM subgroup (n=46), 42 had available
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12 month measurements and of these no change, a decline and an increase in height SDS were seen in 27
(64.3%), five (11.9%), and 10 (23.8%), respectively.

Paired t-test analysis for HtSDS at baseline and 12-months were significantly different with a mean decline in
height SDS for the entire cohort of 0.12 (SD+0.39, t(51) = -2.311, p = 0.025) and for the PDCM cohort of 0.13
(SD%0.42, t(41) = -2.025, p = 0.049).

When examining the subgroup of those with poor growth at baseline (HtSDS<-2), a greater proportion of
children and young people increased their HtSDS (entire cohort those with height SDS <-2 (n=15): no change =
3 (20%), decrease = 1 (6.7%), increase = 11 (73.3%). PDCM subgroup with HtSDS <-2 (n=11): no change = 2
(18.2%), decrease = 0 (0%), increase = 9 (81.8%)). Paired t-test analysis did not reach statistical significance
(t(14)=-1.623, p = 0.127. PDCM with HtSDS <-2 subgroup: t(10) = -1.600, p = 0.141).

Anthropometry Standardised Deviation Scores for the Entire Cohort at 6 and 12 months
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Figure 22. Mean standardised deviation scores for height, weight and body mass index for the
TEMPeReD cohort at baseline, 6 months and 12 months follow-up (n=52).

Mean height SDS, weight SDS, and BMISDS at baseline and follow-up visits. At the average level, there
was no observable difference.
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Height SDS at baseline and at 12 months follow-up for the
pre-dialysis, conservatively-managed subgroup

Height SDS

N &
< &
O
N
Figure 23. Height standard deviation score at baseline and 12 months for individual children and young

people in the pre-dialysis, conservatively-managed subgroup of the TEMPeReD cohort (n=36).

Within the PDCM subgroup, no difference was seen between baseline and 12-month follow-up visits
when taken as an average, some children and young people increased their HtSDS and some decreased.
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At clinic appointments at 12 months following baseline visit, change in eGFR was calculated. The change in
kidney function from baseline to 12 months for the PDCM subgroup was 0.39 ml/min/1.73m? (SD+9.12) with 36
from a maximum of 46 had both serum creatinine and height measured and therefore had data pairs for analysis
available. As shown in Figure 24, there was no association between the change in kidney function (those with
the most rapidly deteriorating kidney function) and change in HtSDS. This is confirmed with Cohen’s Kappa
agreement analysis of those with decline in eGFR and those with declined HtSDS of -0.094.
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Figure 24. Change in height SDS and change in eGFR at 12 months for those in the pre-dialysis,
conservatively-managed subgroup (n=36).

There is no agreement between those with a decreased HtSDS and those with decline in
kidney function (Cohen’s Kappa = -0.094).
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5.4.4, Discussion

There are several measures that can be used to characterise growth. In the TEMPeReD cohort, a significant
proportion of those were short (HtSDS<-2 = 28%), and the same proportion had linear growth (HtVelSDS<-2 =
28%), and 10% of the cohort had poor growth by both definitions. The proportions in these categories were not
different in those with PDCM CKD, and disease severity (eGFR, CKD stage, number of medications) does not

explain those with poor growth.

Good growth Poor growth

Early poor
changes
(26%)

Normal height Normal
or tall {51%)

Ongoing poor
growth
(13%)

Short

Figure 25. Growth determined by height SDS or height velocity SDS.

Blue square (61% of PDCM group) represents those with normal or high HtSDS and HtVelSDS. These
children have normal (or tall) height and are gaining linear growth above normally or quickly (such as
catch-up growth). The purple square (26% of PDCM group) represents those who are short, but are
now either growing normally or having catch-up growth. The orange square (26% of PDCM group)
represents those that are normal (or tall) height but whose linear growth is slow. This may be where an
insult has occurred and the child has stopped growing, but this is acute enough that children are not
short for their age yet. The child may have previously travelled along a high percentile prior to the
insult. Those in the red square (13% of PDCM group) are both short and are not growing
appropriately. This may represent those with a chronic, ongoing process that has either not responded
to intervention or has been unrecognised.

In this cohort of pre-dialysis, conservatively-managed paediatric patients, growth patterns can be divided into
three broad populations: (1) Those with height and BMI within the normal limits for a population; (2) those that
are short in stature, but with a normal BMI; and (3) those with an elevated BMI, but with a normal height. The

largest proportion of patients fall into the “normal height and BMI" category, and there were no children that fell
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into the traditionally described anthropometric phenotype of “short and skinny” CKD patient, rather those falling
out of the “normal” parameters are short (HtSDS<-2) or fat (BMISDS>2).

54.4.1. Stunting

A significant proportion of the cohort was stunted. Stunting is recognised as a problem worldwide, and a target
variable in the World Health Organisation Global Nutrition Targets 2025 (To decrease the number of under-5’s
who are stunted by 40%).

The difference in albumin concentrations with higher concentration in those that are stunted may represent
improved nutritional status due to recognition of growth problem, but without improvement in hHtSDS. PTH
concentrations were lower in those who were stunted. Other markers of disease severity did not demonstrate
differences, and this may be a statistical chance event. Alternatively, PTH concentrations may be a reflection of
bone turnover, although as values lay within the normal reference range it is difficult to be convinced of clinical
significance of the observed differences. As the effect of stunting is long-lived, with the impact of pre-first 1,000
days of life state having greatest impact, with less capacity for catch-up growth thereafter, it may be that in this
cohort, there is limited ability to alter the trajectory of these stunted children who will remain stunted into
adulthood.

There is a need to more deeply explore the reasons why the population has a high risk of stunting, as this is not

fully explained by severity of disease, or length of disease duration.

5.4.4.2. Height velocity
Those with a lower HtVel (<-2 SDS) were younger and diagnosed more recently. This may reflect later

diagnosis, and result in a potential delay in medical and dietetic management.

5.4.4.3. Under-weight
Although 17% of children were under-weight (WtSDS <-2), this was not observed when BMI was plotted. The

lower WtSDS observed in these individuals is likely due to proportionately lower weight in shorter individuals.

5.4.4.4. Obesity

There is a significant proportion of the cohort that is obese (13%). This compares similarly to the general
population, with rates of obesity in the UK population being 14% of children aged 2-15years (BMI >95"
percentile)(153). World Health Organisation Global Nutrition Targets 2025 state that the number of children that

are overweight should not increase.

Obesity is becoming increasingly prevalent in CKD populations across the UK and Europe (71) and more
prevalent than the canonical malnutrition state of low anthropometric scores and “protein-energy wasting” in
both the conservatively-managed (18) and dialysis/post-transplant populations (71). It has been reported to be an
independent risk factor for development of kidney damage and end-stage kidney disease (72, 73). The reasons
behind obesity levels in this cohort are likely similar to those explored in the general population, with increased
availability of nutrient-poor, energy-dense foods, coupled with potential for different levels of physical activity.

In those with CKD, it may be that dietary patterns are similar to those in the general population; especially in the
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early (milder) stages of the disease where there is less dietetic in-put, and physical activity levels may be lower

than healthy peers due to the effects of disease.

Alternative markers of obesity and cardiovascular risk include markers of central adiposity/obesity (for example,
WHtR>0.5 and WC >90" centile). More children (35%) had abdominal obesity (WHtR>0.5) than BMI-defined
obesity. The reason for this discrepancy may be BMI under-representing the degree of adiposity. In CKD, it is
well-recognised that there is wasting of mean-mass (“protein-energy-wasting”) thought secondary to the chronic
inflammatory state that CKD represents. In this scenario, the accompanying loss of lean mass would mask an

increase in fat mass, as BMI is only a measure of weight-for-height and does not represent body composition.

Similar prevalence of obesity as defined by BMI and WC>90" centile was observed, but not identifying the
same individuals. This is likely due to the crude measure of obesity that BMI represents. The discrepancy
between WC>90" centile and WHtR>0.5-defined obesity prevalence rates is likely due to the relatively high
prevalence of stunting in the population. WHtR>0.5 should also be used to define obesity in this chronic disease

population in order to account for skewed height measurements compared to a healthy population.

Looking at the pattern of development of obesity, the spectrum between healthy BMI and obesity. Children tend
to develop abdominal (central) obesity prior to being formally classified as obese by BMI. This may be due to
the tendency to lose linear growth (and be short), and then in an attempt to “make the child grow” be given
additional calories. Unfortunately, the child needs more than just calories, and the resulting picture is one of
relative short statures for weight (or high weight for height). There is some evidence that when children increase

adiposity abdominal fat is increased (229).

Obesity is associated with increased risk of cardiovascular disease and mortality. In addition, CKD is a well-
known risk factor for cardiovascular disease, with the leading causes of mortality in this population being

cardiovascular disease (5), but abdominal fat is more pathogenic (230-232) .

Which is the best anthropometric measure to define or screen for obesity? These data show that prevalence of
obesity varies depending upon definition used, likely due to body composition changes and prevalence of
stunting. As central adiposity may pose the greatest risk to children in relation to their cardiovascular outcomes,
a definition that is based on this parameter may be most appropriate. Additionally, a measure that is most
sensitive could be used, with subsequent formal body composition analysis to truly determine adiposity, for
example through skin-fold thickness measurement. The use of bioelectrical impedance analysis to determine
body composition in this population is still a matter of debate, due to fluid and electrolyte shifts that occur in real
disease, but all measures of adiposity are unreliable in this population due to fluid overload etc., and so a

combination of methods is perhaps best pursued.

In current clinical practice there is no mechanism by which characteristics of the cohort or individual patients’
phenotype can be readily accessed. No data exists on the numbers of children with CKD, as only those with the
most severe disease; those in receipt of kidney replacement therapy are formally identified by the national
registry. This lack of a mechanism to capture these data makes the evaluation of the disease group challenging

and hinders the development of the clinical service to best serve the needs of the patients and their families.
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5.4.45. Collection and collation of routine clinical data

During routine clinical practice, an immense amount of potentially valuable data is gathered about patients.
Despite this, collated and organised data is largely unavailable to clinicians and researchers in any meaningful /
accessible way. This results in the need to perform either prospective studies or retrospective reviews and audits
of the patients’ clinical records which is time-consuming and only gathered in response to specific questions,
e.g., for the evaluation of clinical practice against a given standard. If data are collected prospectively, this offers
the opportunity for almost instantaneous presentation of grouped data and outliers with comparison against a
given standard, and moreover has the potential to be used in research and quality improvement to identify

otherwise unseen associations, for example.

Data has the potential to be used nationally (and internationally) to compare healthcare systems. For example, in
intensive care, databases are used to determine risk-adjusted outcomes using disease severity scores. Recording
such data may seem daunting, but through electronic databases and ‘buy in’ from healthcare professionals such
data can be gathered. The purpose of this project was to develop and trial a database to gather data for the use in
clinical practice; including nutritional status and interventions. It will be used to prove usefulness to the clinical
team of such a database through the provision of multiple clinical audits and the collection of data for research

projects.

This project acts as an example of how the composition of such a database can be useful, and not only used in
the delivery of this project, the database is continuing to be used for ongoing clinical data collection at

Southampton Children’s Hospital with adjustments and reiterations as directed by the clinical team.

Accessibility of the database to the paediatric kidney dietetic team was a recognised barrier to its
implementation. Prior to more widespread incorporation into clinical care, for data protection, security and
privacy reasons, the database was hosted on the hospital’s shared drive that is password protected. As this system
is a different process by which clinical information is obtained and stored, then users would need to access

several systems simultaneously.

For greater utility, the database must be accessible to researchers. If there are the usually attending clinical team
then specific ethics approvals may easily be sought, but for other research teams, such approvals may be less
easily obtained with explicit informed consent. Recent developments in the UK renal registry (UKRR) and the
national ethical government approval this affords, may also help in the future, proving clinical systems and the
UKRR can link digitally.

The greatest barrier to implementation of the database was allocation of time by the practising dietitian.
Dietitians felt that there was not enough time to complete the ‘additional’ administrative work that the database
represented when they had had little time to complete other essential tasks. A local quality improvement project
found that additional data entry led to more than a 3-fold increase in duplication documentation and time and

reduced time on direct patient care.

5.4.4.6. Limitations
Limitations of the study include small cohort size and single centre design that may mean that the results are not

generalisable. Error may have been introduced through measurement, as although all measurers were trained,
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following the standardised operating procedure, measurements were not conducted by the same individual for

each patient and on follow-up visit.

54.4.7. Concluding Remarks
A database facilitates collection of clinical and research data. Poor growth can be characterised in different ways

and those using different definitions may identify different children and young people.

5.4.48. Practice Points
e The routine calculation of height velocity SDS may identify children and young people with poor
growth who represent a separate, but not mutually exclusive group than those identified by HtSDS
alone.
e Similarly, different anthropometric measures of obesity identify different groups of children and young
people at risk from obesity. The incorporation of these readily accessible measures may be integrated

into clinical practice to offer a more detailed characterisation in addition to height, weight and BMI.
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5.5. DIETARY INTAKE OF THE TEMPERED COHORT

5.5.1. Introduction

Chronic kidney disease (CKD) is associated with altered dietary habits (233). Children and young
people with CKD often have decreased calorie intake (234), although limited data exists for children
with CKD, especially concerning micronutrients and dietary fibre. A greater understanding of the
nutrients that may be more at risk from being inadequate in those with children and young people with
CKD is beneficial, as it will aid healthcare professionals in supplying adequate nutrition to the

growing child / young person.

In a first step to characterise nutritionally a cohort of children and young people with CKD,
assessment of their dietary intake was undertaken as per usual clinical practice. The aim of the
TEMPeReD study in its entirety was to characterise nutritionally the cohort in order to stratify the
cohort for risk of nutritional inadequacy and subsequent growth impairment.

Poor nutrition and dietary intake can result in poorer growth (235), this can be a limitation of both
energy and nutrients, but also may present itself in the context of a single limiting nutrient (236). A
review of the literature regarding dietary intake of micronutrients in children and young people with
CKD is presented in Chapter 4.

Dietary Assessment Methods
Dietary assessment is used in clinical practice to help nutritionally characterise an individual’s diet,
assess compliance with a dietary prescription such as a low potassium diet and review food-group

choice and patterns.

Dietary assessment of an individual is the process of recording and analysing all food and drink that
someone consumes, and then comparing it to a given standard (47). In the UK, dietary reference
values such as EAR or RNI are used. For a completely accurate account, all the food and drink
consumed should undergo chemical analysis for nutritional content, but as this is expensive and
impractical clinically. Therefore, a prediction / estimation of intake is determined. There are several
different methods and tools that have been developed for this purpose, but in clinic the multiple-pass
24-hour recall is commonly used — this is often a practice that is pragmatically possible within the
clinical environment and constraints and does not place additional burden on the subject (and / or
carer) in need to perform tasks prior to clinic attendance. Although commonly, 24-hour dietary recall
is not an assessment of habitual dietary exposure, but a short-term ‘snapshot’. The method may more
accurately be used to compare to groups than an individual’s exposure for which a large number of

day’s data would be needed for nutrients that have large day-to-day variation (237).

The reasons for dietary assessment of children with kidney disease has been explored in Figure 26.

From a clinician’s point of view, questions to be answered in the dietary assessment are:
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1. Isthe child at risk from nutritional inadequacy?
2. Is the child at risk for poor outcomes (e.g., poor growth, increased mortality)?
3. Is the child complying with dietetic prescription (e.g., low phosphate diet)?

Current clinical assessment of dietary assessment is based around the multiple-pass dietary recall, and
following analysis, comparison against recognised dietary reference values (47).

Dictary Assessment

Determination of the amounts and types of food consumed Risk assessment

Compare against a Compare food Consumption against
‘healthy’ diet groups/portions ‘prescription’ Determination of
‘sctual’ intake of energy
and nutrients

Risk of an event

24-hourrecall;

Sty Poor Growth; Morbidity

‘S-a-day’ | E.g., enargy intake; key
renal nutrients such as
potassium and

phosphate

Prudent Diet Score;
Mediterranean Diet
Score.

Compare to dietary
reference values (e.q.,
RNI, LRNI)

| Identify likelihood of risk
from inadequacy

Figure 26. Schematic representation for potential information derived from dietary intake analysis.

There are many reasons why dietary analysis is needed. Depending upon the question(s) needed by
professionals, then different dietary assessment tools may be more or less appropriate.

Dietary intake of energy, nutrients and dietary fibre

Recommended intake of energy, nutrient and dietary fibre have been set for healthy children and young people,
with some more limited guidance for those with CKD (2, 47, 238). There are many reasons why those with CKD
may not meet these recommendations, including that not all the general healthy population meet these
recommended levels (76) and that possible effect of dietary restriction placed onto children and young people
with CKD that limit availability of foods rich in dietary fibre. Despite these recognised potential influencing
factors, literature regarding the dietary intake of children and young people with CKD is limited and has not
been evaluated as per the current usual practice of a pragmatic single 24-hour recall, and whether this method

demonstrates differences in those with adequate or poor growth.

84



There is a lack of data on the dietary intake of children and young people with CKD despite multiple factors that
may increase the risk of not meeting their dietary requirements. Those data that exist are incomplete and not

contemporary. The adequate / inadequate supply of nutrients in the diet is the cornerstone to nutritional status.

Aim:

The aim of this subchapter is to explore dietary intake of children and young people with CKD.

Objectives:

e To report contemporary dietary intake data for energy, nutrients, and dietary fibre of a cohort of
children with pre-dialysis, conservatively-managed (PDCM) CKD using the current clinical
methodology;

e Compare these dietary intake data with national UK data from the National diet and nutrition survey
(NDNS) data (76);

e Explore whether the estimate intake as estimated by a single 24-hour recall identifies those children and
young people that have low blood concentrations of the corresponding nutrient;

e Explore these data with regards to associated factors; including measures of adequacy of growth (height

standardised deviation scores (Ht SDS) and height velocity standardised deviation score (Htvel SDS).

5.5.2. Methods

Participants were recruited to the TEMPeReD cross-sectional study as detailed in Chapter 5.3. Dietary
assessment was performed by a single multiple-pass 24-hour recall. Following collection of dietary data, the
food and drink were analysed using Netwisp computer software (Tinuviel Software, Ltd, UK) and nutrient
composition compared to dietary reference values for sex and age, including Reference Nutrient Intake (RNI) or
equivalent (47). Energy requirement was calculated using the Henry equation (239). Dietary fibre recommended
intakes were taken from the Scientific Advisory Committee on Nutrition (SACN) 2015 “Carbohydrates and
Health” report (238).

5.5.2.1. Statistical methods

Descriptive statistics; including mean and standard deviation scores (SDS) (or median and interquartile range,
IQR depending upon distribution of variables) will be used to describe the data. Data were analysed as an entire
cohort, and to decrease the risk of severely affected individuals skewing the data, as sub-groups: pre-dialysis,
conservatively-managed (PDCM) CKD; those in receipt of dialysis; and those who have previously had a kidney
transplant.

Comparison was made to both 100% of estimated requirement to control for sex and age and, as in usual clinical
practice, 80% of RNI (or equivalent) to determine whether or not an individual is more at risk from inadequate
intake. Therefore, the number of nutrients that in their dietary analysis had dietary intake of <80% RNI (or

equivalent) was used to determine ‘at risk’.

Data were compared to national dietary intake data from the NDNS (76), and between sub-groups. Correlations

were explored between intake and other variables; including age.
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Appetite was assessed by way of a Likert scale of subjective appetite assessment: very poor/poor/good/very

good, and assigned a numerical value 1 to 4.

All analysis was carried out using software by the Statistical Package for Social Sciences (SPSS version 22,
SPSS Inc., Chicago, IL). A p-value of < 0.05 was used to indicate statistical significance, but to decrease the risk
of a type | error, where analysis of multiple variables occurs the p-value cut-off for significance will be adjusted

by Bonferroni correction (a‘ = a /test number) (240).

Comparison is made between nutrients that had at least one child with low intake (<80% RNI, or equivalent) and
low blood concentrations by Chi-square analysis with the following interpretation for calculated Phi coefficients:
-1.0 to -0.7 strong negative association; -0.7 to -0.3 weak negative association; -0.3 to +0.3 little or no

association; +0.3 to +0.7 weak positive association; and +0.7 to +1.0 strong positive association.

5.5.3. Results

The dietary intake of the entire cohort (n=60) and subgroups (pre-dialysis conservatively managed only (n=46),
post-transplantation only (n=10), and dialysis only (n=4)) with comparison to NDNS data are presented in
Appendix 11.4.

Due to the relative size of the pre-dialysis, conservatively-managed subgroup (n=46) from the total of 60,
subsequent analysis is focused on this more homogenous subgroup. Details of the pre-dialysis, conservatively-
managed CKD patients (PDCM) cohort, including anthropometry and disease severity are earlier in the chapter
(see Table 6).

5.5.3.1. Dietary Intake Compared to Dietary Reference Values

There is significant variation throughout the cohort in meeting recommended intakes. Figure 27 shows mean and
range of intake as expressed as a percentage of requirements. Figure 28 shows the proportion of children and
young people with intakes above the RNI (likely adequate intake), between the lower reference nutrient intake
(LRNI) and RNI (at risk from inadequacy) and below the LRNI (likely inadequate intake). Mean intake of
energy, potassium, magnesium, iron, iodine, selenium, zinc and vitamin K are all below recommended intake.
Those nutrients which had the greatest number of children and young people with intake below the LRNI are
therefore most at risk from not meeting their dietary intake are: Selenium (35%); Magnesium (35%); lodine
(30%); Zinc (30%); and potassium (24%).

5.5.3.2. Dietary Intake Compared to the current clinical standard of inadequacy (<80%RNI).

The percentage of children with dietary intake below 80% of RNI or equivalent is depicted in Figure 29. The
nutrients with the most children with dietary intake values less than 80% of RNI were vitamin K (76.1%), zinc
(58.7%), iodine (56.5%).
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Figure 27. Mean and range of dietary intakes of the pre-dialysis, conservatively-managed CKD subgroup.

Mean and range of dietary intakes of the PDCM cohort expressed as percentage of requirement. The
requirements are RNI values where they exist. Other requirements were estimated to be: Energy -
estimated by the Henry equation (239); manganese - 16mcg/k/d; vitamin E — ratio of polyunsaturated
fatty acids of 0.4; pantothenic acid — 3mcg/d; biotin — 10mcg/d; and vitamin K — 1mcg/k/d
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Figure 28. The number of children / young peoples with >RNI, <RNI and <LRNI within the pre-dialysis, conservatively-managed subgroup.

Where RNI value exist these were used, other requirements were estimated to be: Energy - estimated by the Henry equation (239); manganese - 16mcg/k/d; vitamin
E — ratio of polyunsaturated fatty acids of 0.4; pantothenic acid — 3mcg/d; biotin — 10mcg/d; and vitamin K — 1mcg/k/d. # - No LRNI value available. Abbreviations:
LRNI — lower reference nutrient intake, RNI — reference nutrient intake.

88



80-

60-

40- 1

20-

Percetange of Children with Dietary Intake <80% of RNI

o- L) L] L
- 5 O o .
éﬁégoﬁo‘goﬂo“;&‘@(\Q%“:e"?\o%“ioY;o?’\o‘s&*‘%sﬂoi%Q,'\'c]:\é&&z;&‘ﬁoo
A o RGN TS ARV S
Q° 30 & &(\ HHK 7 4{{\%\& ‘&0@ B
©
%

Nutrient

Figure 29. Percentage of children with dietary intake <80% RNI in the pre-dialysis, conservatively-managed subgroup.
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Figure 30. Distribution of the number of nutrients below recommended intakes in an individual child.

Abbreviations: LRNI — lower reference nutrient intake, RNI — reference nutrient intake.
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55.3.3. Numbers of nutrients with intakes < LRNI

Most children had at least one nutrient’s intake below LRNI (65.2%). The numbers of nutrients below LRNI for
each child were: none - 34.8%; one - 15.2%; two - 13.0%; three - 6.5%; four — 6.5%; five - 10.9%; six - 2.2%;
seven - 2.2%; eight - 2.2%; ten - 4.3%; twelve - 2.2%. The frequency of children with a given-number of nutrient
intakes below LRNI and RNI are shown in Figure 30. For both sexes, older children were more likely to have
inadequate intakes (see Table 7). Magnesium, selenium, zinc and iodine had the greatest proportion of children

and young people with dietary intakes < LRNI (see Figure 60 in Appendix 11.4).

5.5.3.4. Dietary Intake compared to national data

Comparison between NDNS data and the PDCM subgroup was grouped as per the NDNS data), in ages 4 to 10
years and 11to 18 years. Paired t-test analysis was performed to determine differences in mean intake between
the PDCM cohort and NDNS data. In the 4 to 10 years age group, no differences were observed. In the 11 to 18
years age group (table 8), intake of energy, protein, magnesium, potassium, iodine, selenium, and zinc were all
significantly lower in the PDCM subgroup, although only magnesium, potassium, selenium and zinc remained

significant after Bonferroni correction for analysis of multiple variables.

Table 7. Number of nutrients with dietary intake < LRNI for different age and sex groups in the pre-
dialysis, conservatively-managed subgroup (n=46).

Males Females
4 — 10 years 1+£2 00
11 — 18 years 3+6.25 55
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Table 8. Comparison between pre-dialysis conservatively-managed subgroup (n=46) and national data
from the national diet and nutrition survey (ages 11 to 18 years).

NDNS
cohort

N
D
N
S
S
D

*- statistically significant. Only significant difference variables presented (full analysis table found in
the Appendix 11.4).
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5.5.3.5. Does dietary intake data predict low status as assessed by blood nutrient concentrations?

Comparison of the nutrients that had at least one child with low intake (<80% RNI, or equivalent) and low blood
concentrations is given in the table below (Table 9) with results of Chi-square analysis. Only vitamin C
demonstrated a relationship between those identified as at risk of inadequacy of low intake (<80%RNI or
equivalent) and low blood concentrations. Phi-coefficient was 0.422, representing a weak association, and this

statistical significance was lost on Yates correction (p=0.269).

Table 9. Chi-squared analysis of those in the pre-dialysis, conservatively-managed CKD subgroup (n=46)
comparing dietary intake <80% RNI with blood concentrations below the normal reference range.

Nutrient Low intake Low bloqd Chi- P=value
(<80% RNI) concentrations square

Potassium 20 1 0.831 0.362
Phosphorus 8 1 3.756 0.053
Copper 16 1 1.506 0.220
Zinc 36 5 0.138 0.710
Manganese 2 2 0.062 0.803
Selenium 18 1 1.240 0.265
Vitamin A 13 1 2.049 0.152
Vitamin B12 9 1 0.298 0.585
Vitamin C 4 1 6.778 0.009*

* - statistical significance, p<0.05.

5.5.3.6. Does dietary intake data correlate with blood nutrient concentrations?

Correlations were explored between the dietary intake data of children and the blood concentration of the
nutrient. Vitamin B6-PLP and folate demonstrated a correlation (S.rho = 0.325; p = 0.05, and S.rho = 0.474; p =
0.005, respectively). Although neither of these correlations would remain statistically significant if corrected for

multivariable analysis (Full correlations are presented in Appendix 11.4).

5.5.3.7. Dietary intake and other patient characteristics.
There was no difference in eGFR, number of medications, HtSDS, WtSDS, BMI SDS, appetite in those with

zinc, iodine, or iron intakes < 80% RNI compared to those with intakes >RNI.

Dietary intake was explored in relation to the age of the children and young people. Age was greater in those
with intakes < 80% RNI (zinc: Mann Whitney U t=356, p=0.026; iodine: MWU t=381.5, p=0.007; iron: MWU
t=370.5, p=0.02). In view of this, correlations were sought between age and dietary intake of nutrients. The

strongest negative correlations were between age and: manganese (S.rho=-0.632); selenium (S.rho=-0.618);
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vitamin B12 (S.rho=-0.515); vitamin K (S.rho=-0.479); folate (S.rho=-0.413). Full analysis details are found in
Appendix 11.4.

Table 10. Percentage of pre-dialysis, conservatively-managed subgroup (n=46) with dietary intake < LRNI
with comparison with national diet and nutrition survey data.

Males 4-10 Males 11-18 Females 4-10 Females 11-18

years years years years

Vitamin A 11% 40% 0% 18%
7% 14% 12% 18%

Riboflavin 11% 20% 14% 18%
0% 8% 1% 20%

6% 20% 0% 0%

Folate

0% 5% 0% 8%

Iron 11% 30% 0% 36%
1% 9% 3% 48%

Calcium 11% 30% 0% 45%
1% 12% 1% 19%

Magnesiu 17% 50% 0% 73%
m 0% 27% 3% 48%
Potassium 0% 50% 0% 45%
0% 15% 0% 33%

lodine 22% 50% 0% 45%
5% 16% % 26%

Selenium 13% 50% 0% 82%
1% 23% 2% 44%

Zinc 33% 46% 0% 28%
4% 17% 13% 22%

Comparison between the general population and the TEMPeReD cohort (PMCM subgroup) with
regards to the percentage of children and young people with estimated intakes of less than the LRNI.
The NDNS data (76) shown in red. In the majority, the PDCM CKD subgroup demonstrated a greater
proportion at risk of nutritional inadequacy with intakes estimated to be below the LRNI.

5.5.3.8. Dietary Fibre

Dietary fibre was also estimated in the cohort. No child or young person met the requirement of dietary fibre
(238). Mean intake as expressed as a percentage of requirement for dietary fibre was 31.2% for the entire
TEMPeReD cohort and 34.6% in the PDCM subgroup. Details of dietary fibre intake for each age group (as per

recommended intake) are displayed in Table 11, below.

There was no difference in dietary fibre intake as expressed as a percentage of requirement when comparing
those with BMISDS >2 with those with BMISDS <2 (MWUT = 159, p = 0.215), and no correlations were found
between dietary fibre intake (percentage of requirement) and BMISDS (S.rho = 0.156, p = 0.301), mid-upper
arm circumference SDS (S.rho = 0.213, p = 0.156), waist-to-height circumference ratio (S.rho = 0.161, p =
0.286), or waist circumference SDS (S.rho = 0.250, p = 0.141).
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Table 11. Dietary intake of fibre for the TEMPeReD cohort and the pre-dialysis, conservatively-managed
subgroup (n=46) by age group.

Fibre intake Fibre intake Number
(g/day) (% of meeting
Mean + SD requirements) | requirements.
Mean + SD
Entire cohort All ages 6.7+4.2 31.2+19.9% 0
(n =60)
2-5 years 72+38 47.9£255 % 0
(n=7)
5-11 years 57+3.6 284+182 % 0
(n = 26)
11-16 years 8.1+45 324+182% 0
(n =20)
16-18 years 6.4+55 21.3+184 % 0
(n=7)
Pre-dialysis, All ages 75%+43 34.6+20.0 % 0
conservatively-managed (n = 46)
subgroup 2-5 years 72438 479+ 255% 0
(n=7)
5-11 years 6.1+3.6 305+17.8% 0
(n=18)
11-16 years 9.1+45 36.5+17.9% 0
(n =16)
16-18 years 74+6.4 24.7+21.3% 0
(n=5)

Recommended dietary fibre intake: 2-5 years = 15g/day; 5-11 years = 20g/day; 11-16 years = 25
g/day; 16-18 years = 30g/day (238).

Dietary intake of fibre was also assessed for association with progression of disease. There was no association in
the PDCM subgroup as a whole (S.rho = 0.158, p = 0.358), but on subgroup analysis for those that had a decline
in their kidney function at 12 months (change in eGFR at 12months < Oml/min/1.73m? n=19), a correlation
between lower dietary fibre intake and greater decline in kidney function was seen: S.rho = 0.507, p= 0.027 - See
figure 31, below).
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Figure 31. Association between dietary intake of fibre and decline in kidney function in the pre-dialysis,
conservatively-managed CKD subgroup in those that had a decline in kidney function at 12 months.

On examination of those who had a decline in their kidney function at 12 months, there was a
correlation between the degree of decline and their estimated dietary intake of dietary fibre with a
correlation coefficient of 0.507.

5.5.3.9. Salt Intake

As shown in Table 12, intakes of the cohort were no different than from national data from the national diet and
nutrition survey. Mean intakes of sodium were greater than the RNI for each age-group and greater than the
recommended maximum intake for those aged 4 to 10 years. Despite average intakes of older children being
lower than the recommended maximal, nearly half of children had intakes greater than this maximum, with

proportionally a greater number of younger children exceeding, compared to older children (see Table 13).

The majority of children were taking anti-hypertensive agents (all enalapril), with 4 children taking multiple
agents (other agents were amlodipine (4), and atenolol (1)). There was no difference in sodium intake in those
receiving anti-hypertensives and those not (180 SD£113 %RNI versus 158 SD+83 %RNI, respectively). Dose of
enalapril (mg/kg) did not correlate with sodium intake (Spearman’s rho = 0.254, p=0.459). The number of
children exceeding the maximum sodium intake was similar for those taking antihypertensives and those not (see
Table 13). Dietary intake of sodium did not correlate with blood pressure SDS for those not prescribed anti-

hypertensive agents.
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There was no difference in sodium intake depending upon diagnosis (Kruskal-Wallis test t(12)=14.915,

p=0.246), with no difference between dysplasia patients and all other diagnoses (Mann Whitney-U test t=129.00,

p=0.105). The number of children exceeding the maximum sodium intake was similar for those with a diagnosis

other than kidney dysplasia and the group as a whole (see Table 13).

Table 12. Dietary sodium intake of the pre-dialysis, conservatively-managed subgroup (n=46) versus

national data.

Mean and SD sodium

NDNS (years 5-6)

One-sample t-test

intake of CONS cohort | intake (national result: t-statistic
(mg/d) average intake) (mg/d) | (degrees of freedom)
and p-value.
Aged 4 to 10 years
Males 1864 + 854 (n=18) 1660 T(17)=1.016,
p =0.324
Females 2106 £1230 (n=7) 1538 T(6)=1.222,
p =0.268
Aged 11 to 18 years
Males 2534 + 1146 (n=10) 2225 T(9)=0.852,
p=0.416
Females 1557 + 774 (n=11) 1860 T(10)=-1.297,
p =0.244

Table 13. Dietary sodium intake of the pre-dialysis, conservatively-managed subgroup (n=46) versus RNI

and recommended maximum intake levels.

RNI Maximal | Meanand | Number of With a On No
(mg/d) | Sodium SD children diagnosis other | antihypertensives antihypertensives
intake sodium exceeding | than dysplasia
(SACN, intake of maximum (n=35):
2003) PDCM sodium Number of
(mg/d) subgroup | intake (%) children
(mg/d) exceeding
maximum
sodium intake
(%)
4t06 1810 +
years 700 1200 849 8/11 (73%) 6/8 (75%) 5/6 (83%) 3/5 (60%)
(n=11)
71010 2028 +
years 1200 2000 1047 6/14 (43%) 6/13 (46%) 3/7 (43%) 3/7 (43%)
(n=14)
11to 2022 +
18 1600 2400 1068 5/21 (24%) 4/14 (29%) 3/13 (23%) 2/8 (25%)
years (n=21)
el (1491’(‘,}3 16/35 (46%) 11/26 (42%) 8120 (40%)
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5.5.3.10. Does dietary intake predict poor growth?

When comparing dietary intake of energy and nutrients of those with poor growth (SDS <-2) and normal growth
(SDS >-2) using either height SDS or height velocity SDS criteria, no nutrient was significantly different
between the two groups. Additionally, the number of nutrients with estimated intakes of < 80% requirements
were no different (Height SDS: MWUT = 193, p = 0.782; height velocity SDS: MWUT = 197, p = 0.860), and
those < LRNI were not different between the two groups (Height SDS: MWUT = 172, p = 0.412; height velocity
SDS: MWUT = 210.5, p = 0.868).

Dietary fibre

On scatter-plot, there was no association between dietary intake of fibre and (percentage of requirement) and
height velocity SDS, and no difference between those with poor growth (Height velocity SDS <-2) and those
with normal growth (Height velocity SDS >-2); MWUT = 203.5, p = 0.990. Although not reaching statistical
significance, height SDS demonstrated a trend towards lower values with lower dietary fibre intakes as
expressed as percentage of requirement (S.rho = 0.287, p = 0.053). No difference in those with poor growth
(HtSDS <-2) and normal growth (HtSDS >-2); MWUT = 135, p = 0.084.

5.5.4. Discussion

The aim of this subchapter is to report the dietary intake of a cohort of children and young people using usual
clinical practice. These data presented are the most comprehensive list of nutrients analysed for dietary intake in
children with pre-dialysis CKD, reporting a wide selection of energy, nutrients and fibre in a contemporary
cohort, albeit a single centre and in a small cohort. In addition, for contemporary data to be reported (due to
changing eating habits and food availability, for example) some nutrient intake data including that for vitamin K

have not previously been reported.

The main findings are: the large variation in estimated intakes, the high proportion of children and young people
with estimated intakes below recommendations, that older children and young people at greater risk of having
intake less than recommended intakes, and that none of the children and young people examined met

recommended dietary fibre. Moreover, dietary fibre intake was associated with decline in eGFR at 12 months.

55.4.1. Intake of nutrients

These data show a variation in intake not related to disease severity, and that in the methods used here, most
children / young people had at least one nutrient below the LRNI (65.2%). As in the general population from the
national diet and nutrition survey (NDNS) (76), age was a significant influencing factor in the likelihood of
meeting recommended intakes or not with older children and young people less likely to be in receipt of
adequate nutrients. For younger children (4 to 10 years), boys had more nutrients with intakes below the LRNI,
but in older children and young people (11 to 18 years), girls were more likely to have more nutrients below this

recommended level.

Compared to the general population, the PDCM subgroup had a higher proportion of children / young people
below the LRNI for the majority of nutrients presented in the NDNS data; including 82% of girls aged 11 to 18

years have selenium intake less than the LRNI. Average intakes in those aged 11 to 18 years were lower for
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magnesium, potassium, selenium and zinc; this is despite the general population having mean intakes lower than
the RNI.

Although much focus is placed in the clinical context on younger children in which a more paternalistic
approach to care is taken by both caregiver and healthcare professional, older children and young people appear
at risk from inadequate dietary intake of many nutrients. In addition to adequate health and growth throughout
childhood and adolescence, adequate nutrition is also needed to ready the bodies of young people for pregnancy
and the in utero nutrition of their children with potential negative implications for subsequent generation of

children if maternal nutrition is suboptimal.

5.5.4.2. Dietary Fibre
Current guidance recommends between 15g and 30g per day of dietary fibre (238). There is significant evidence
for the benefit of a high fibre diet in the general population with large epidemiological data demonstrating a

relative reduced risk of cardiovascular disease in those with higher intakes of dietary fibre (241-244).

In the data presented here, no child or young person had a dietary intake of fibre that met these
recommendations, with average intake for the cohort of only ~ 35% of recommended intakes. There was a
pattern that younger children had intakes that were closer to their recommendations (although still less than half
of recommendation intakes) and older children and young people had intakes less than a quarter of their
recommended intakes. This is in-keeping with both adult CKD patients not meeting requirements (245), and
national UK data from the NDNS survey of the general population in which children and young people failed to
meet recommended intakes. In the NDNS dataset, fibre (AOAC) intakes were 14g/d and 15.3g/d for age groups
4-11 and 11-18 years, respectively (76) which are greater than the intakes reported in this study, and so the
paediatric CKD population may be particularly vulnerable to not meeting their fibre recommended intake. The
reasons for this may include dietary restrictions placed on individuals, although these do not tend to be imposed
until more severe disease in which potassium and phosphate are more likely to become problematic in terms of
elevated serum concentrations.

With these data in mind, the next question to be asked is whether supplementation of dietary fibre is therefore
warranted in the paediatric CKD population. Dietary fibre has been demonstrated to alter transit times, alter
satiety, act as an energy source for the gut microbiota, and affect the innate immune system of the gut mucosa
both directly and indirectly (246). Supplementation of CKD patients with fibre has been associated with an
increase in colonic bacteria and a decrease in serum urea by 12% (247). NHANES data from the USA have
associated lower markers of inflammation (CRP) and mortality with higher fibre intakes in the adult CKD

population (245).

Some amino acid fermentation products are nephrotoxic — with most focus placed on indoxyl sulphate and p-
cresyl sulphate and have been associated with kidney disease progression, cardiovascular health and morality in
those with CKD (248, 249).

There was no association between dietary intake of fibre and markers of growth. Although not reaching

statistical significance, height SDS demonstrated a trend towards lower values with lower dietary fibre intakes as
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expressed as percentage of requirement (S.rho = 0.287, p = 0.053). In concordance with previous literature, in
those children and young people who had a decrease in their kidney function at 12 months, those with lower
estimated dietary fibre intakes had the greatest decline (S.rho = 0.507, p= 0.027). Although this is only a small
subgroup, this may be as a result of increased absorption of nephrotoxic amino acid fermentation products that

may be more prevalent in lower fibre diets.

In children with normal kidney function, intake of dietary fibre (whole grain) has been associated with a lower
risk of overweight/obesity even once controlling for potential confounders such as fruit, vegetable and dairy
intake, age, sex and physical activity levels (250). No such association was found in the data presented here. The
reason for this may be due to the small number of children and young people analysed (a constant problem for
those investigating rare diseases such as CKD in childhood), and / or the potential inadequacy of dietary intake
estimation, or that an association in obesity in those with CKD and dietary intake of fibre is not associated. This
later explanation may be due to the body composition changes seen in those with CKD, and that definitions of

obesity may not reflect adiposity in the same way to the general population.

Interventions that might be appropriate include dietary advice and counselling from the paediatric dietetic team,
and / or supplementation with fibre supplements. Unfortunately, there is limited evidence to support

supplementation in the paediatric CKD population, with no systematic review.

5.5.4.3. Dietary Sodium Intake

Salt (sodium chloride) is needed for normal bodily function, but in more economically-developed countries
(MEDCs); including the UK, salt intake is greater than is required and moreover is above recommended intake
levels (251). Recommended intakes exist, at least in part because high salt-intakes are associated with poorer
health outcomes; including the development of hypertension, and associated cardiovascular disease; including
death from stroke (252, 253).

Mean sodium intake of the cohort was above the RNI for age, with significant variation demonstrated in wide
standard deviation values. Younger children were more likely to exceed the maximal dietary sodium intake then

older children.

Despite potential under-reporting bias of sodium intake in this population due to wanting report “the right thing”,
and regular contact with health professionals with a consistent message of decreasing sodium intake for the
benefit on kidney health and blood pressure control within an at-risk population, sodium intake in this pre-
dialysis, conservatively-managed subgroup remains high. Despite this, the blood pressures of the cohort did not
reflect hypertension. This may be because the treatment with antihypertensives either for previously recognised
hypertension or the prescription of ACE-inhibitors for proteinuria that additionally, lower blood pressure.
Alternatively, it may be that the cohort may have a large number of individuals that “salt waste’ due to
dysfunctional tubular function, and that a higher salt intake in this population is beneficial for maintenance of

normonatremia.

Although 24-hour urinary sodium excretion is the most accurate method by which to estimate sodium intake
(254), this is often not practical, especially in the paediatric setting and costly. In adults, food frequency

questionnaires have been developed (254), but none are currently available that have been validated for children
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with CKD. For ongoing clinical review it may be that a food frequency questionnaire is accurate enough in its

prediction of intake to allow for assessment of concordance with a low-salt dietary prescription.

Further family education, and dietary assessment of sodium intake in this population. As much of the sodium
intake of the UK population arises from processed foods, an increased awareness of this must be instilled in the
families of our population to empower them to make healthy food choices. From a population level, efforts to

decrease the salt-content of foods available through public health strategies must be pursued.

The reason why this cohort has a large proportion of children receiving likely inadequate intake of nutrients is
not clear, but as energy intake is also low for many of the children, one explanation is that the 24-hour recall
methodology for predicting dietary intake is generally under-predicting. As the majority of children in the
nephrology clinic would be growing, it may be presumed that the children are receiving the minimum energy

requirement for this. Although the energy prediction methodology (239) may also be inaccurate.

There was no association found between the intake of specific nutrients and or the number of nutrients estimated
to below recommended intakes in those with adequate or poor growth. This may be due to dietetic intervention
in the alteration of dietary intake in those with disease having an impact either directly or indirectly through
nutritional status change upon growth. Alternatively, a difference may not have been observed due to the small
sample size of the study, or due to the limitations of a single 24-hour recall used to assess the diet.

The current dietary assessment of children with CKD

With the above discussion and interpretation in mind, one limitation of the data presented is that estimation of
dietary intake was undertaken (as per usual clinical practice) by 24-hour multiple pass dietary recall. These data
may be used to support the hypothesis that current clinical practice of administering a single 24-hour recall does
not adequately identify those with micronutrient inadequacy as defined as blood micronutrient concentrations
below the normal reference range. Although, blood biochemical measures of micronutrients, as discussed in
Chapter 4, may not reflect true body status of the nutrient, the high prevalence of anthropometric measures
within two standard deviations of the mean of the growth standard (27) casts doubt of the significance of the

these data as the child and young person appears to be growing appropriately.

The concerns about using this method include:

1. A single 24-hour recall is unlikely to be adequate to ensure that the predicted micronutrient intake
reflects true dietary intake, especially of nutrients that are infrequently consumed. This is especially the
case in paediatrics, where day-to-day variability may be greater than in adults (255).

2. The standards (dietary reference values) upon which these data are then compared have been
determined for a healthy population. In using these standards, there is an assumption that the
requirements for children with kidney disease do not differ from that of healthy children for the
majority of micro nutrient intakes. This is unlikely, due to probable alterations in losses and metabolic

demand. For example, B-vitamin is a necessity in energy metabolism.

However, there is value in using 24-hour recalls over and above that of nutrient analysis - to start discussions on

cooking, shopping, dietary patterns, lifestyle, and to gain insight into daily life in the context of food and diet. In
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addition, in those with a nutritional prescription of food restriction (for example, potassium or phosphate

restriction) then this may aid assessment of concordance with this prescription.

Current clinical guidance states that dietary intake be assessed regularly by a skilled registered kidney dietitian
by means of a 3-day diet diary or three 24-hour recalls, although current practice is usually a pragmatic single
24-hour recall.

The reasons for dietitians for using a single 24-hour recall rather than 3 day food diary or three 24-hour recalls
has not been explored. The thoughts, opinions and understanding of the assessment techniques warrant
exploration within the paediatrics kidney dietetic workforce. Anecdotally, this is explained as a 3-day food diary
being impractical. If practitioners feel that such tools do not adequately estimate true intake (as suggested here)
then other methods of determining risk of dietary inadequacy must be sought. If issues are purely surrounding
education of the recommendations of the tool needing three non-consecutive days’ analysis and /or time-

limitation in the clinical environment, then other measures should be explored to remedy these issues.

There is no tool that easily identifies concordance with prescriptive diets (e.g., phosphate restriction) with
reliance upon 24-hour recall and diet diaries. Such tools, as discussed in the introduction, have limitations and
take a significant amount of time to administer and analyse. With such insecurity of the methodology in
estimating true intake, we must consider whether inflicting such a burden upon children and their families is in
their best interests, consumes time and expense in the health services, and offers the clinical team falsely

reassuring or worrying data upon which they base their decisions.

As depicted in Figure 26, there are several goals that may be achieved by dietary assessment. The concordance
with dietary prescription is an important part of a paediatric kidney dietetic review. It may be reasonable to
assess a diet for the content of a particular nutrient of interest (e.g., potassium) only rather than completing an
entire food diary, the validity of which is questionable. Therefore, the development of nutrient-specific food
frequency questionnaires could be developed based on dietary data from paediatric CKD cohorts to determine
which foods explain most of the variability of nutrient intake.

5.5.4.4. Limitations

As discussed above, limitations of this analysis include the small sample size introducing the possibility of type
1 and type 2 errors, the flaws and limitations of 24-hour recall as a dietary assessment method, and reliance upon
the dietary analysis package. The latter may be eliminated through the use of paired, weighed food analysis, but
this has significant implications on cost, and would be impractical for assessment of ad libitum intakes in the

community setting.

5.5.4.5. Future Directions

Clinical tools for estimating dietary intake of energy, nutrients and fibre that are easy to use for patients and
healthcare professionals must be developed and trialled. In current clinical practice, much of the time that a
dietitian spends with the child / young person and their family is occupied in this estimation. ldeally, this
information should be available prior to the consultation and allow for greater time in understanding how a given

dietary intake has been achieved and discussion around how modification / optimisation may be accomplished.
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The development of the technology-based formats completed and analysed prior to consultation may facilitate
this.

Food group analysis would be useful in identifying which food groups contribute to key nutrients, such as
potassium and phosphate in children and young people with CKD.

Prospective studies of dietary fibre intake, the influence of intake on circulating nephrotoxic substances
including amino acid fermentation products and clinically meaningful outcomes such as disease progression,
cardiovascular complications, and mortality are needed. Additionally, the role of supplementation must be
addressed. Increasing fibre intake may be relatively easily achieved through the prescription of supplements, but
whether this is as beneficial as dietary modification, and optimal supplement and impact upon medication burden
and quality of life must be explored. Perhaps the first steps in exploring the role of dietary fibre in paediatric
CKD is a review of the current clinical practice amongst specialist dietitians in the UK, and review of the

literature on the subject in the form of a systematic review and a Delphi consensus process of guidance.

The thoughts, opinions and understanding of the assessment techniques of dietary intake warrant exploration
within the paediatrics kidney dietetic workforce. Current evidence suggests that multiple 24-hour recalls are
required, and that several recalls are needed for some nutrients. This is discordant with the current practice. This

piece of work may be suited to a quality improvement project within the dietetic community.

5.5.4.6. Concluding Remarks
This analysis is in agreement in previous literature that places children and young people with CKD at risk from
nutritional inadequacy, but that this dietary intake risk has not directly translated into biochemical abnormalities

or growth. There is variation in dietary intake, and this variation is not explained by disease severity alone.

55.4.7. Practice Points

e The current practice is adequate.

e Current practice is inadequate to characterise the dietary intake. This is suggested by high proportion
with either stable or improved height SDS at 12-months (>88%) despite a large number deemed at risk
from inadequate intake and the lack of concordance between low blood concentrations. Therefore, if
dietary analysis is required then a full characterisation should be performed through multiple-day
analysis.

e Despite methodological insecurity at the individual level, these data suggest that children and young
people with CKD are at increased risk of inadequate intake of dietary fibre with no child or young
person meeting recommended intakes. Although not routinely evaluated, dietary fibre should be
incorporated into routine clinical care with consideration for nutritional counselling and possible

supplementation.
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5.6. TRACE ELEMENT AND VITAMIN CONCENTRATIONS IN PAEDIATRIC CKD PATIENTS

5.6.1. Introduction

There is a lack of literature assessing the micronutrient status of children with CKD. Although the prevalence of
nutritional risk of inadequacy was high in those in the TEMPeReD cohort, the prevalence of abnormal blood
concentrations in such a population is unknown. Therefore, the TEMPeReD cohort’s blood concentrations of

vitamins and minerals were evaluated.

Nutrition is a cornerstone of the clinical management of children with chronic kidney disease (CKD). Current
guidance from KDOQI states that all children with CKD should have regular nutritional assessment and their
micronutrient status reviewed regularly [1]. In practice, attention is usually restricted to biochemical review of
vitamin D and iron status whilst the adequacy of other micronutrients is largely determined by dietetic review of
recent reported intake. Oral micronutrient supplementation is recommended where dietary intakes appear

insufficient so that the dietary intake achieves the Reference Nutrient Intake (RNI) (or equivalent) (2).

This approach is constrained by several issues. Firstly, little is known about the demands for and losses of
micronutrients of these children across differing pathophysiological states or treatment [1]. Secondly, brief
dietary assessment, such as 24 hour recall, is unlikely to adequately and securely reflect the intake of
micronutrients due to innate daily variability in intake and the preponderance of missing values in the food
composition dataset [2]. Thirdly, the appropriateness of judging adequacy of apparent dietary intake against the
RNI in this population and whether supplementation to 100% of RNI adequately addresses the needs of these
children. Finally, whilst addressing vitamin D and iron, access to biochemical measures of micronutrient status
are not uniformly available in all centres, not complete and not applied systematically within usual routine care,

especially in those conservatively managed.

The previous literature of biochemical measures of micronutrient status in paediatric CKD is limited and has
been largely focused on those with the most severe disease and those in receipt of dialysis. The micronutrient
status of conservatively managed children with pre-dialysis disease is uncertain with both the risk of increased
losses and poor dietary intake, but also the potential risk of excess intake and toxicity arising from inappropriate

supplementation.

The aim of this study was to describe blood concentrations of micronutrients and current supplementation in a

cohort of children with pre-dialysis, conservatively-managed CKD receiving current routine clinical practice.

5.6.2. Methods

Children aged between 3 and 18 years with conservatively-managed CKD (stages 2 to 5, not receiving dialysis
and never received a kidney transplant) under the care of a tertiary paediatric nephrology service were identified
using electronic notes, and invited to participate in the study. Participants were recruited on a first come, first
served basis and following acquiring informed consent, assessed at routine clinic appointments. All participants
were receiving routine clinical care, including usual dietetic care. Clinical, anthropometric, and nutritional
support data were prospectively collected including estimated glomerular filtration rate (eGFR), sex, CKD
aetiology, height, weight, and waist circumference. Height velocity was calculated over the previous 6-month

period. Age and gender specific Standard Deviation Scores (SDS) for height, weight, height velocity, body mass
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index (BMI) and waist circumference-to-height ratios (WHtR) were calculated against RCPCH/WHO growth
reference standards (256). Blood samples were obtained from children and sent for routine clinical testing by the
clinical chemical pathology department. These included renal profile, full blood count, vitamin D and ferritin.
Further biochemical analysis of micronutrient status was conducted using research assays by the Nutrition
Laboratory of The Wessex Investigational Science Hub at the University Hospital Southampton including
vitamin E (total tocopherols), vitamin A (total retinol) and vitamin B6 (pyridoxal-5-phosphate) by high
performance liquid chromatography); vitamin C (by colorimetric assay); and serum copper and zinc and whole
blood manganese by inductively-coupled mass spectrometry. Where elevated vitamin E concentrations were
determined, the patient record was interrogated for cholesterol profile to correct vitamin E status for cholesterol
status, and compared to reference data (257). Blood measurements are reported as continuous variables and also
as ‘below reference range’, ‘within reference range’, or ‘above reference range’. The normal reference ranges are

available in Appendix 11.1.

Anthropometric measures were also categorised; including ‘tall for age’ (height SDS >2 SDS), and obese (BMI
SDS >2, or WHtR >0.5).

Data were collected and collated using the aforementioned dedicated database and subsequently analysed using
SPSS version 20 for Windows (SPSS Inc., Chicago, Illinois, United States of America). Descriptive statistical
analysis including percentages of different CKD stages was performed. Values were expressed as mean and
standard deviations (SD) or median and interquartile range (IQR) as appropriate following assessment of

distribution by Shapiro-Wilk test. Statistical significance was defined as a p-value of less than 0.05.

Correlations were explored between variables, including between micronutrient concentrations and the receipt of
nutritional support reporting Pearson’s coefficient (P.coeff) or Spearman’s rho (S.rho). Differences between
mean values were explored using t-test or Mann-Whitney U-test (MWUT), as appropriate. When comparison
was made with national population data, the data were divided as appropriate per age-groups given in the
national data (76).

The study was approved by a Health Research Authority South East — Surrey Research Ethics Committee (REC
Reference: 16/L0O/0041). Informed consent was obtained from all individual participants included in the study,

with informed consent obtained from care-givers and informed assent as appropriate.

5.6.3. Results

Forty-six children with pre-dialysis, conservatively-managed CKD were enrolled into the study. Details of the
cohort are given earlier. Median height SDS was -0.65 (IQR+2.03). Mean values (with standard deviations) of
weight SDS and BMI SDS for the cohort were -0.43 (£1.81), and 0.32 (+1.41), respectively. Eight children
(17%) had weight-for-age SDS <-2 (malnourished by ICD-10 definition), three children (7%) had weight-for-age
SDS >2. One child (2%) was under-weight for height (BMI SDS <-2); thirteen children (28%) were at risk of
being overweight (>85" percentile), six children (13.0%) had BMI SDS >2. Twelve children (26%) were short-
for-age (height SDS <-2), one child (2%) was tall-for-age (height SDS >2). Twenty children (44%) had a WHtR
>0.5. Median height velocity SDS was -0.55 (IQR+2.5), with 28% having a height velocity SDS <-2.
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There was no correlation with anthropometric measures and biochemical measures of micronutrient status. All of
the children had at least one biochemical measure of micronutrient status that fell outside of the normal reference
range, and the median number of abnormal blood results per child was 2.5 (IQR+1). The most common
abnormal measurement was an elevated vitamin E concentration (95%), followed by an elevated vitamin A
(74%), elevated manganese (23%), low zinc (12%), and low vitamin D (13%). There was a low prevalence of
blood concentrations of micronutrients below the normal reference range: Vitamin A (2%); Vitamin D (13%);
Manganese (6%); Selenium (2%); Zinc (12%). The prevalence of other micronutrient concentrations below the
lower limits of the reference range were: Vitamin B6 (2%); Vitamin B12 (2%); Vitamin C (2%); Copper (2%).
No patients had Vitamin E or Folate measures below the lower limit of the reference range. There was no
discernible pattern of abnormal micronutrient concentrations grouping in particular individuals, and no
differences between sexes.
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Table 14. Average blood concentrations of the pre-dialysis, conservatively-managed subgroup (n=46).

Number Number
. _ Range Range lower than higher than
Nutrient (units) Average | SD/IQR Min Max reference reference
range range
gz;\;e)moglobm 129.14 16.92 86.00 160.00 9 0
Sodium 137.00 2.00 134.00 141.00 0 0
(mmol/I)
Potassium #
(ol 4.2 0.63 3.40 5.50 1 4
Corrected Calcium 2.42 0.10 2.21 2.62 0 2
(mmol/l) : : ' '
Magnesium # 0.82 0.13 0.71 121 0 2
(mmol/l)
Inorganic Phosphate (mmol/I) 1.36 0.23 0.70 1.93 1 1
Ferritin 45.00 84.50 14.00 488.00 0 4
((Tte[d))
Copper 19.42 478 9.70 31.60 1 3
(pumol/l)
Zinc #
(umalih 13.55 3.13 9.50 22.80 5 0
Manganese t 152.00 69.00 61.00 494.00 2 8
(nmol/l)
Selenium
(amolil) 1.04 0.20 0.47 1.46 1 0
Vitamin A 238 0.84 0.80 450 1 31
(umol/1)
Vitamin E 27.90 7.63 20.80 60.50 0 40
(umol/1)
Vitamin B12 + 384.00 364.25 100.00 1072.00 1 -
(ng/l)
Folate €
e 10.45 . 430 >25.00 0 6
Vitamin C + 70.60 42.75 6.20 200.10 1 2
(umol/l)
Vitamin B6 80.20 39.20 19.40 253.60 1 2
(nmol/l)
Vitamin D + 95.00 72.00 36.00 239.00 5 -
(nmol/l)

+ -Non-parametric distribution, average expressed as median and interquartile range (IQR), otherwise
mean and standard deviation (SD) presented. As folate is expressed as >25ng/ml for those above the
reference range, SD cannot be calculated for folate. There is no upper reference range for vitamin B12,
or vitamin D.

€- Geometric mean reported.

Vitamin A (total retinol) and vitamin E (total tocopherols) were elevated in the majority of children.
There was a low prevalence in low nutrient measurements in the cohort.
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A similar pattern of blood measurement abnormalities were seen in those with mild (CKD stages 1 and 2)
compared to those with moderate-severe disease (CKD stages 3 and 4). However, elevated vitamin A was more
prevalent in those more severe disease and eGFR was found to inversely correlate with vitamin A (P.coeff=-
0.649; p<0.0005). In contrast, biochemical measures of vitamin B12, selenium and manganese concentrations
showed positive correlations with eGFR: vitamin B12 (S.rh0=0.321, p=0.044); selenium (P.coeff=0.309;
p=0.047) and manganese (S.rh0=0.353, p=0.037).

Twenty-eight children (70%) received some form of nutritional supplementation in the form of a feed, sip-feed
or supplement (details of the nutritional products for the cohort are given in Table 3.). The most frequently
prescribed nutritional support were iron as ferrous sulphate or ferrous fumarate (37%) and vitamin D
supplements as cholecalciferol (28%). Two families had chosen to administer their own choice of ‘over-the-
counter’ vitamin preparations (one a multivitamin, and one a vitamin C supplement). Those in receipt of sip-feed

supplementation were more likely to be short (HtSDS<-2) (chi-square = 8.803; p=0.003).

Table 15. The various nutritional treatment products used by the cohort (n=60) with the number (and

percentage) of children.

Nutritional Product Number of Children
(%)
Feeds:
Neocate® 1 (2%)
Kindergen® 1 (2.2%)
Sip feed:
Standard energy feed (1kcal/ml) (e.g., Pediasure®, Frebini®) 5 (11%)
Polycal®/Maxijul® 4 (9%)
Prozero® 3 (7%)
Scandishake® 1 (2%)
High energy feed (1kcal/ml) (e.g., Fortini®). 1 (2%)
Calogen® 1 (2%)
Supplements:
Iron supplements (e.g., ferrous sulphate, ferrous fumarate) 17 (37%)
Vitamin D supplements (Colecalciferol) 13 (28%)
Folic acid supplements 4 (9%)
Abidec® 2 (4%)
‘Over-the-counter’ vitamin C supplements 1 (2%)
Vitamin K supplements 1 (2%)
‘Over-the-counter’ standard multivitamin 1 (2%)

There was a range of support products prescribed to the cohort. The most common supplements
prescribed were iron and vitamin D supplements. Two families self-prescribed ‘over-the-counter’

vitamin preparations.
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Two children were prescribed feeds (Kindergen®, Neocate®) as a primary source of nutrition and had a greater
number of nutrient concentrations outside of the normal reference range compared to others in the cohort
(median = 4.5 [no IQR available as only two children] versus 2 (IQR+1); MWUT=81.50, p=0.031). Those in
receipt of folic acid supplements had higher folate concentrations (median=25.00 IQR+7.60ng/ml versus 10.7
IQR£9.85ng/ml; MWUT=129.00, p=0.004).

Vitamin A

The majority of children had elevated vitamin A concentrations (74%) — see Figure 32 and Table 14. Twelve
(26%) of children were in receipt of nutritional support that contained vitamin A; 10 (22%) being in the form of
a sip-feed/supplement rather than a feed. Prescription of nutritional support containing vitamin A; or sip-feed or
supplement did not correspond to higher vitamin A concentrations (t(40)=-0.917, p=0.365; t(36.146)=1.014,
p=0.317; and t(28.781)=0.578, p=0.568, respectively). Vitamin A concentrations did not correlate with aloumin-

corrected calcium concentrations (P.coeff=-0.051, p=0.747).

Serum vitamin A concentrations negatively correlated with Hb concentrations (P.coeff=-0.499, p=0.001), with
higher vitamin A concentrations in those with a Hb <120g/l (3.12 SD+0.80 versus 2.18 SD+0.75, t(40)=-3.313,

p=0.002). Sixteen (35%) children were receiving iron supplementation.
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Figure 32. Distribution of blood concentrations of vitamins A and E in the pre-dialysis, conservatively-
managed subgroup.

Reports the distribution of vitamin A (total retinol) and vitamin E (total tocopherols) in the cohort with
the normal reference ranges indicated by the dotted lines. Both vitamins were elevated in the majority
of children with a range of values up to 3-times the upper normal reference range. The clinical
significance of this has yet to be determined in children with chronic kidney disease.
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Vitamin E

As shown in Table 14 and Figure 32, most children had elevated vitamin E concentrations (95%). There was no
difference between those who were deemed at risk of obesity (BMI SDS >2, or WHtR>0.5) than those who were
not (BMI: MWUT=27.00, p=0.714; WHtR: MWUT=122.50, p=0.124).

Of the 46 children, 25 children had (hon-fasted) cholesterol profiles available (54.3%), with a mean total
cholesterol of 4.56mmol/l (SD+ 1.08). Twelve children (48%) had total cholesterol concentrations >4.40mmol/I
(borderline), and six (24%) had high levels (>5.15mmol/lI). Mean non-HDL cholesterol concentrations were
3.06mmol/l (SD+ 1.14mmol/l; borderline/high (>3.18mmol/l) = 10 (40%); high (>3.73mmol/l) = 4 (16%). Total
or non-HDL cholesterol concentrations did not correlate with vitamin E concentrations (S. rho=0.359, p=0.092;

and S.rh0=0.308, p=0.152, respectively). 48% had vitamin E to cholesterol ratio >90™ percentile.

Folate
Those in receipt of folate supplements had significantly higher serum folate concentrations (median=25.00
IQR+7.60 versus 10.7 IQR+9.86; MWUT=129.00, p=0.004) and 3 out of 5 high values were in those taking

supplements. No children were taking medication known to alter folate absorption or metabolism.

Manganese

23% of children had high whole blood manganese concentrations and 6% low. Those with a Hb <120g/I had
higher whole blood manganese concentrations than those with higher Hb (median=128.00 IQR%66.00 versus
169.00 IQR£106.75; MWUT=62.5, p=0.038).There was no correlation with Hb or mean corpuscular volume
(S.rh0=0.097, p=0.578 and -0.305, p=0.075, respectively), and no difference in manganese concentrations in

those in receipt of iron supplements or not (MWUT=143.5, p=0.907).

5.6.4. Discussion

This study reports biochemical markers of micronutrient status in a cohort of paediatric pre-dialysis,
conservatively-managed patients receiving usual routine clinical and dietetic care at our centre. In contrast to that
reported for children with CKD receiving dialysis, when compared to normal reference ranges this cohort of
children had few overt biochemical signs of poor micronutrient status. However, biochemical markers of both
vitamin A and vitamin E were consistently markedly elevated above the reference range even in those with less
severe disease, and despite limited oral micronutrient supplementation. Caution is advised in the interpretation of
these biochemical measures of micronutrient status as the measure taken is primarily from the transport pool
(blood), not necessarily representing the functional pool, and may be affected by several other factors, including

inflammation.

There is no agreed-upon formalised nutritional treatment protocol or structured framework for children with
CKD and so there is likely to be marked variations in clinical practice, often within centres over time and
between attending physicians or dietitians. This is reflected in the various nutritional products prescribed to the
cohort, and variation seen between centres. Although personalised treatment plans are essential, a standardised

approach to nutritional treatment should help decrease unwanted variability and enable characterisation of
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nutritional management and status of this rare disease. Having poor kidney function was not a determinant of the

prescription of nutritional support in this cohort, but being short-for-age was.

A high proportion of children had raised vitamin A (73.8%), with a strong negative correlation with kidney
function. Joyce et al (80) recently reported micronutrient data in their paediatric dialysis population, showing a

high prevalence of elevated vitamin A and higher average concentrations than this cohort.

Elevated concentrations are unlikely to be due to excessive intakes, increased absorption (already high in healthy
children), or decreased losses (already low in healthy children). It is therefore likely to be due to alterations in
metabolism (increased hepatic mobilisation and / or decrease uptake from peripheral tissues) due to the disease

process and / or its treatment.

Chronic hypervitaminosis A can cause a number of signs and symptoms that are seen in the CKD population.
These include anorexia, nausea, vomiting, and increased risk of bone fracture. The aetiology of these symptoms
in those with CKD is multifactorial; including uraemia and mineral-bone disease of CKD, but it may be that a
degree of elevated vitamin A also contributes. Moreover, vitamin A regulates bone turnover, with excessive
vitamin A resulting in decreasing bone mineral density through inhibition of osteoblasts, and the stimulation of
osteoclasts. Elevated vitamin A is associated with hypercalcaemia (258), and has been observed in both those
adults receiving dialysis (187, 259, 260), and in paediatric dialysis patients where retinol-binding protein
correlated with hypercalcaemia (261). The data presented here did not show an association with vitamin A and
albumin-corrected calcium concentrations, although there are many factors that may mask a potential

association, and retinol-binding protein was not measured.

Vitamin A excess acts, via the redistribution of iron and the inhibition of erythropoiesis, to cause anaemia. It is
unknown to what extent elevated vitamin A contributes to the anaemia described in CKD. Our data demonstrate
a correlation between Hb and vitamin A, although further larger studies are required to determine the influence
of vitamin A concentrations on the presence of anaemia in this population, and any beneficial effect of lowering

it (for example, through dietary manipulation) may have.

Although there is recognition that elevated vitamin A concentrations are common in CKD, there are limited
therapeutic options. Current dietetic practice is to choose feeds and supplements that have the lowest vitamin A
within them. Limitation of vitamin A intake (removal of vitamin A-containing supplements) in HD patients, has
been shown to decrease serum vitamin A concentrations (260). There is currently no evidence that the elevated
vitamin A concentrations, except at the extreme end of toxicity, has an impact upon outcome. Moreover, limiting
vitamin A intake below requirements in an attempt to decrease blood retinol concentrations may have negative

consequences on health.
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Figure 33. Proposed mechanism for the observed elevation in circulating vitamin A in CKD.

(1Retinol is released into the circulating pool from the liver bound to retinol-binding protein. (ZAt the
peripheral target tissue, retinol is cleaved from the binding protein at the target tissue, leaving Apo-
Retinol-binding protein in the circulation. (3)Within the kidney, Apo-Retinol-binding protein is freely
filtered through the glomerulus. (#)In the proximal tubule, the megalin, multi-ligand endocytotic
receptor reabsorbs the retinol-binding protein, where it is degraded. With progressive nephron-loss,
this degradation does not occur and apo-retinol-binding protein is exposed to the liver, promoting
retinol secretion (3)This results in loss of the usual homeostatic mechanism for circulating retinol, and
elevated levels. Although those with proteinuria observed in CKD may exceed the threshold for the
megalin receptor (5)with lack of reabsorption within the proximal tubule, the additional urinary loss of
retinol binding protein does is not great enough to match the lack of degradation due to nephron-loss in
those with decreased glomerular filtration.
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A high proportion of children had increased vitamin E concentrations (95.2%). Vitamin E has been previously
reported as low (78, 185), normal (79, 176, 181, 189), and high (186). The data reported in this study suggest
that vitamin E is elevated in CKD, agreeing with the recent study in which Joyce et al (80) reported
micronutrient data in their paediatric dialysis population; showing a high prevalence of elevated vitamin E in
paediatric dialysis patients, and higher average concentrations than this cohort; suggesting the possibility of a
‘dose-response”’ relationship between disease severity and vitamin E, although in these data correlation was not

statistically significant (p=0.059).

Similarly to the elevations in vitamin A, the increased concentrations observed are likely to be due to metabolic
alteration, and as the main source of vitamin E is adipose tissue, it may be linked to the altered lipid-handling in
CKD.

Vitamin E measurement is affected by fasting/non-fasting status, and may explain some of the inconsistency in
the literature. Additionally, CKD is associated with dyslipidemia, and although only a subset of the cohort had
cholesterol profiles available, the prevalence of dyslipidemia is similar to that reported in the CKiD cohort which
report prevalence of 45% (262); not high enough attempt to explain the high vitamin E status found, especially
as this cohort had better eGFR (57 versus 43ml/min/1.73m?). The findings were not associated with markers of
obesity. Not all the vitamin E concentrations were adjusted for cholesterol status, but in about half the subgroup
where this was possible cholesterol-adjusted vitamin E concentrations were greater than the 90" percentile.
Excess vitamin E is associated with coagulopathy and decreased platelet function (263), and trials of high-dose
supplementation have demonstrated an increase in all-cause mortality (205, 264). Unfortunately, this study did
not measure coagulation or leucocyte function in order to evaluate this possible negative impact. Future work
should examine this. Vitamin E toxicity can also cause nausea, fatigue and muscle weakness, symptoms that are
also seen in those with CKD.

5.6.4.1. Limitations

There are limitations to this study as these measures were measured at a single time point and compared against
the reference ranges used in our centre and not followed prospectively over time. We were also restricted to the
choice of measures of biochemical status and could only conduct those available to us through our pathology
service. For example, biochemical measures of B vitamin status such as those that determine activation
coefficients are not routinely available. This cross-sectional study was limited by the number of participants and

the single-centre design so findings may differ in other centres subject to their practice.

5.6.4.2. Future Directions
Future research should include the measurement of functional status of micronutrients which may be able to

capture true requirements of micronutrients.

5.6.4.3. Concluding Remarks

This is the first report of a cohort of children with pre-dialysis, conservatively-managed CKD in which a large
panel of micronutrient concentrations have been reported in a formalised way. This is despite the availability of
most of these tests through routine clinical pathology. There was no overt nutritional inadequacy as determined

by these biochemical markers in this seemingly at risk population for which no structured nutritional therapy
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framework exists. Although caution is advised due to the measures not being a direct measure of body status, but
the transport pool that is subject to many other factors. These findings are likely to be generalisable throughout
the UK. Future measurement of nutritional status should include these measures, but efforts should be made to
find and utilise markers that truly reflect body status. The most notable finding was the high prevalence of high
concentrations of vitamins A and E, for which potential detrimental effects and the mechanisms underlying the

elevation warrant investigation.

5.6.4.4. Practice Points

e Children and young people with pre-dialysis, conservatively-managed CKD have few overt
biochemical signs of poor micronutrient status, but have a high prevalence of elevated biochemical
markers of vitamin A and vitamin E even in those with less severe disease. The impact of this is
unknown. Caution is advised in the interpretation of biochemical measures of micronutrient status as
the measure taken is primarily from the transport pool (blood), not necessarily representing the
functional pool, and may be affected by several other factors, including inflammation.

e Clinical practice should endeavour to capture changes in status though a structured process such as
annual reviews of status. In doing so, we can begin to characterise the nutritional profile of this rare

population.
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6. APPETITE ASSESSMENT IN CHILDREN WITH CHRONIC KIDNEY DISEASE

Appetite is important as both a marker of kidney disease, a marker of nutritional status, and a major determinant
of dietary intake. As such, the next chapter describes an exploration of appetite in the TEMPeReD cohort.
Firstly, an appetite assessment questionnaire was developed, and then used to consolidate information from a
cohort of characterised children and young people with CKD. The herein-described study aims to demonstrate
variability of appetite within this cohort and explore its relationship to measures of growth, nutritional status and

disease severity.

6.1. INTRODUCTION

Appetite is the desire to eat food, and is a complex entity in which both biological and psychological elements
interact. Its control is not fully understood, but involves a balance of various hormones and signalling pathways.
In those with illness, such as chronic kidney disease (CKD), the changes in the milieu that alter appetite make

the picture even more complex.

During acute and chronic illness, appetite is perturbed (81), and in those with the most severe kidney disease,
diminished appetite is a major cause for anorexia and malnutrition (82), and an important determinant of energy

and nutrient intake (83).

It is recommended that appetite is assessed during clinical assessment of children with CKD (2), both as a
marker of disease and as a means to identify those who are at risk from inadequate dietary intake of energy and

nutrients.

In clinical practice, appetite is assessed subjectively by direct questioning, (e.g., “How is your appetite?”’), and
through general dietary assessment. These methods are suboptimal as there are multiple confounding variables,
making them not a direct surrogate for appetite. There is existing literature that finds them inaccurate; including
in CKD cohorts (82). The lack of a formalised assessment tool means that a meaningful comparison between
individuals and for an individual longitudinally is virtually impossible. Additionally, the subjective nature of
direct questioning may result in a normalisation of poor appetite so that a child may perceive their appetite to be
“good”, but only relative to their previous feeling of appetite. There is no specific tool designed to evaluate
appetite in children with CKD. The ideal tool for this population would be a quick and easy to use, able to give a
multi-faceted evaluation of a child’s appetite, adding additional useful clinical information, and deliver a
numerical score to enable tracking over time in a longitudinal fashion. Additional benefit may lie in the ability to

predict clinical outcomes, possibly prior to anthropometric alterations manifest.

Aim:
The aim of this chapter is to explore appetite in children and young people with CKD.

Objectives:
e Explore views and opinions about appetite assessment held by healthcare professionals working with
children and young people with CKD;
e Review the current clinical practice of appetite assessment;

e Develop a questionnaire to explore appetite;
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e Explore appetite using this newly developed questionnaire in a cohort of children and young people

with CKD; including its relationship with growth.

Methods

A structured approach to the development of the ModSNAQ questionnaire was taken, to firstly explore health
professionals’ perceived need for an assessment tool followed by review of current clinical practice surrounding
the assessment of appetite. A schema describing the structure of the approach in tool development and its

subsequent assessment in a population of children with CKD is given in Figure 34.

Exploration of Healthcare Professionals’ Views on the Current Assessment of Appetite:
Electronic Survey

~-

Review of the Current Practice of Appetite Assessment:
Clinical Audit

-

Tool Development:
Waorking Group

-

Assessment of Tool Validity:
Intemal Consistency; Construct¥alidity; Content ¥alidity

.

Assessment of Utility in Clinical Practice:
Prospective Observational Analysis of Clinical Qutcomes

- <

Trial of Implementation into Clinical Practice:
Patient Feedback

Figure 34. Schema describing the development and assessment of the ModSNAQ appetite assessment
questionnaire.

6.1.1. Exploration of HCP’s Views on the Current Assessment of Appetite
An electronic survey hosted online through “SurveyMonkey” (SurveyMonkey Inc, San Mateo, California, USA,
www.surveymonkey.com) was composed and invitations delivered via email to HCP involved in the nutritional

care of children with CKD at a UK teaching hospital.

6.1.2. Review of the Current Clinical Practice of Appetite Assessment
A sample of randomly selected 25 dietetic reviews conducted by paediatric kidney dietitians were reviewed and
assessed for their evaluation of the patient’s appetite. Clinical notes were interrogated for 100% compliance

with: patient/care-givers’ opinion of appetite; change in appetite; satiety; details of meal size and frequency.
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6.1.3. Questionnaire Development

A working group of HCP with an interest in paediatric kidney nutrition was formed and consisted of: a paediatric
nephrologist; two paediatric kidney dietitians; a professor of nutrition, an associate professor in nutrition, and a
clinical research fellow in paediatric nephrology. The questionnaire was based upon the SNAQ questionnaire
(265).

6.1.4. Assessment of Questionnaire Validity

Content validity was assessed by a group of HCP involved in the nutritional care of children with kidney
problems, including local paediatric nephrologists, clinical nurse specialists, and paediatric kidney dietitians
from throughout the UK. This was performed through an electronic survey conducted through anonymous email
response. Internal consistency and utility in clinical practice was assessed in a cohort of children attending

routine clinical appointments.

Children within the TEMPeReD cohort were recruited as detailed in Chapter 5, and consisted of children and
young people aged 3-18 years identified through the upcoming patient clinic attendance list. All patients that
were eligible were sent study information and a letter of invitation by post, and were recruited on a ‘first come,
first served’ basis, until 60 children were recruited. Children (with parental help where appropriate) were asked
to complete the questionnaire at routine clinic appointments, and clinical, anthropometric collected. The
responses were then used to assess internal consistency and its changes with removal of questions; construct

validity; to determine a cut-off for ‘poor appetite’.

6.1.5. Assessment of Utility in Clinical Practice

Within the clinical cohort, height standard deviation scores (Ht SDS), weight standard deviation scores
(WtSDS), and calculated body mass index (BMI) were assessed at baseline and at 6 months, and estimated
glomerular filtration rate (eGFR), height standard deviation scores (HtSDS), weight standard deviation scores
(WtSDS), and calculated body mass index SDS (BMISDS) were assessed at 12 months. Changes in SDS of >0.2
and eGFR >10ml/min/1.73m? are considered to be clinically significant, and prediction of occurrence of these

outcomes by the ModSNAQ questionnaire was evaluated.

6.1.6. Statistical Methods

Data were analysed using SPSS version 20 for Windows (SPSS Inc., Chicago, Illinois, United States of
America), and analysed as an entire cohort and as the PDCM group alone. Simple descriptive statistics, including
calculation of percentages were used to present data from the electronic survey, the clinical audit, and patient
feedback.

Content validity of the ModSNAQ questionnaire was assessed by an expert panel with calculation of congruency
percentage, individual- Content Validity Index (CVI), and scale-CV1 (266). Each question was scored by nine
reviewers (paediatric nephrologists; paediatric kidney dietitians; nutrition researchers) on a Likert scale from 1 to
4 (1=not relevant, 2=somewhat relevant, 3=relevant, 4=very relevant). Scores of 3 or 4 were deemed as relevant,
and those 1 or 2 not relevant. Internal consistency was assessed by calculation of Cronbach’s alpha, and the
value of each question was assessed through this re-calculation with questions removed from the ModSNAQ

questionnaire. Construct validity was assessed through correlation of the ModSNAQ questionnaire with the

119



current best clinical practice of subjective self-assessment of appetite as “very poor/poor/good/very good”,

which was converted into a 4-point Likert scale.

Descriptive statistical analysis was performed including percentages of those receiving dialysis. In those
variables that demonstrate normal distribution, mean and standard deviation (SD) were calculated, and in those
that were not normally distributed, median and interquartile range (IQR) were calculated. Differences between
groups were assessed by either t-test, Mann-Whitney U or Kruskal-Wallis (determined by distribution of data,
and number of groups). Correlations between variables were assessed by Pearson’s correlation or Spearman’s
rank order correlation tests according to distribution, and following identification of variables with significant
correlations, linear regression and multiple linear regression were used to determine the contribution of effect of
the variables on the variability seen in ModSNAQ scores. In order to assess the predictive power of the
questionnaire, receiver operating characteristic curve (ROC) analysis was performed and area under the curve
(AUC) calculated. A priori AUC value thresholds were determined to be: > 0.900 = excellent; 0.800 — 0.900 =
good; 0.700 - 0.800 = fair; 0.600 — 0.700 = poor; and 0.500 - 0.600 = fail. Cut-off values of the ModSNAQ were
determined by Youden’s index, and optimal sensitivity and specificity given. Statistical significance was defined

as a p-value <0.05.

The study was approved by a Health Research Authority South East — Surrey Research Ethics Committee (REC
Reference: 16/LO/0041). Informed consent was obtained from all individuals included in the study, with

informed consent obtained from care-givers and informed assent as appropriate.

6.2. RESULTS
6.2.1. Review of the Current Clinical Practice of Appetite Assessment: Clinical Audit
Within the clinical service, appetite assessment is inconsistent, even during paediatric kidney dietitian reviews.

The percentages of those assessments that commented on particular aspects of appetite are shown in Table 16.

Table 16. Results of the clinical audit assessing documentation of appetite assessment in clinical practice
(n=25).

Component of appetite Percentage documented
Subjective assessment of appetite 52%
Change in appetite 32%
Comment on patient’s satiety 0%
Documentation of the number of meals/day 80%
Documentation of the portion size of meals 76%
Comment on change in portion size of meals 20%

Clinical audit of the documentation of aspects of appetite assessment. Number of meals a day portion
size were the most regularly recorded components. No assessment included details of patient satiety.

6.2.2. Exploration of HCP’s views of the current assessment of appetite in children with CKD

An electronic survey was sent to clinicians, dietitians, and clinical nurse specialists within the paediatric
nephrology team with six responses (75% response rate). 100% of responders felt that appetite was important in
nephrology patients’ clinical care, and that it should be assessed in clinical practice. 17% felt that appetite was
120



assessed at every clinic, with this being informally within the consultation (100%), and 67% documented in the

patient health record. 100% felt that a more robust tool would be helpful in their clinical practice.

60 children with CKD were recruited; 46 of whom were PDCM; 10 had previously undergone kidney
transplantation; and 4 were receiving dialysis (three haemodialysis, one peritoneal dialysis). Mean age 10.7 years
(x4.0), with 40 (66.7%) boys and 20 (33.3%) girls.

6.2.3. Validation of Questionnaire Validity

Content validity Content validity was assessed by a panel HCP including the UK national paediatric kidney
dietitian group. The average congruency percentage (percentage of questions deemed relevant to appetite
assessment) was 94%. The Content Validity Index for each question (percentage of responders scoring >3 out of
4 — relevant/very relevant) was: Question 1 =78%; Question 2 =100%; Question 3 =100%; Question 4 =100%;
Question 5 =89%; Question 7 =100%. Scale-CV1 (the number of questions having all responders classify them
as relevant / very relevant) was 83%.

Internal consistency as assessed by Cronbach’s alpha coefficient in a cohort of 60 children attending the
nephrology clinic, giving a value of 0.911, which demonstrates a high level of internal consistency. On
evaluation of Cronbach’s alpha if an item was deleted, all questions showed lower values if deleted (range of
Cronbach’s alpha = 0.883 to 0.908). Subgroup assessment revealed similar results (males only = 0.895; females

only = 0.933; age <l0years only = 0.940; age >10years only = 0.885).
6.2.4. Evaluation of the ModSNAQ Questionnaire in a clinical cohort

Median scores of the entire cohort and the PDCM group were 19.5 (IQR+7) and 20 (IQR+7.25) from a total of

24 (minimum of 6), respectively.
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Figure 35. ModSNAQ questionnaire scores for the TEMPeReD cohort (n=60).

ModSNAQ appetite assessment tool scores for the entire cohort are shown. The minimum possible score
is 6, and the maximum is 24. Median and interquartile range are shown in red. Many of the cohort
scores were high, with 23% scoring maximally. No children scored a minimum score.

In the entire cohort, 14 out of 60 (23%) children rated their appetite as poor or very poor. This was similar to the
PDCM group alone (11 out of 46 children, 24%). 4 (6.7%) and 3 (6.5%) in the respective groups rated their

appetite as very poor.

ROC curve analysis to identify those children with Likert scale assessed poor/very poor appetite produced an
AUC of 0.954. Youden’s index analysis demonstrated that a score of 15.5 as a cut-off value (sensitivity =
95.75% and specificity = 21.4%).

Dietary intake of energy, protein, and sodium, potassium and phosphorus were evaluated in relation to
ModSNAQ scores (Table 17). When analysing the entire cohort, total intake of protein, sodium, potassium and
phosphorus correlated with ModSNAQ scores, with energy intake being close to statistical significance. These

correlations were stronger in analysis of the PDCM group alone.
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Table 17. Correlations between ModSNAQ questionnaire scores and dietary intake of energy and

nutrients for the entire TEMPeReD cohort and pre-dialysis, conservatively-managed subgroup.

. _ Pre-dialysis, conservatively-
Enilie Cone (E) managed subgroup (n=46)
Energy (kcal/d) S.rho = 0.250, S.rho = 0.330,
p =0.054 p = 0.025*
Energy (% requirement) S.rho =0.122, S.rho = 0.156,
p =0.355 p=0.301
Protein (g/d) S.rho = 0.326, S.rho = 0.382,
p=0.011* p = 0.009*
Protein (% requirement) S.rho = 0.253, S.rho =0.211,
p =0.051 p=0.158
Sodium (mg/d) S.rho = 0.357, S.rho =0.439,
p = 0.005* p = 0.002*
Sodium (% requirement) S.rho =0.302, S.rho = 0.339,
p=0.019* p =0.021*
Potassium (mg/d) S.rho = 0.358, S.rho = 0.396,
p = 0.005* p = 0.006*
Potassium (% requirement) S.rho = 0.247, S.rho =0.186,
p = 0.057 p=0.216
Phosphorus (mg/d) S.rho = 0.333, S.rho = 0.375,
p = 0.009* p = 0.010*
Phosphorus (% requirement) S.rho = 0.231, S.rho = 0.186,
p =0.076 p=0.218

Correlations between ModSNAQ questionnaire scores and dietary intake of energy and nutrients as
assessed by 24-hour dietary recall. * - signifies statistical significance (P<0.05). Abbreviations: kcal —
kilocalorie; S.rho — Spearman’s rho.

The ability of ModSNAQ scores to predict meeting energy and protein intake was assessed by ROC curve
analysis. As an entire cohort, AUC for prediction of meeting energy requirements was 0.714 (95%Cl: 0.523 -
0.906), and for protein AUC was 0.487 (95%Cl: 0.324 - 0.649). On analysis of the PDCM group alone, AUC for
meeting energy and protein requirements were 0.529 (95%CI: 0.340 - 0.718) and 0.653 (95%Cl: 0.434 - 0.872),

respectively.

There was no correlation between ModSNAQ scores and eGFR (S.rho = 0.010, p = 0.937); or number of
medications (S.rho = -0.042, p = 0.748). eGFR values were no different in those with poor appetite (ModSNAQ
score <15.5) and those with good appetite (ModSNAQ score >15.5) (MWUT = 306.5, p = 0.986).

ModSNAQ scores correlated with HtSDS (S.rho = 0.263, p = 0.042), and more significantly with analysis of the
PDCM group alone (S.rho = 0.324, p = 0.028). HtVVelSDS did not demonstrate correlation (S.rho = 0.112, p =
0.394 and S.rho = 0.147, p = 0.330 for the entire cohort and the PDCM group, respectively).
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Despite this correlation, those with poor growth (HtSDS <-2) did not have lower ModSNAQ scores in the cohort
as a whole or in the PDCM group (MWUT = 261, p = 0.085 and MWUT = 146, p = 0.143, respectively).

From the entire cohort, 52 children had HtSDS at 12 months available for analysis. Change in HtSDS at 12
months did not correlate with ModSNAQ scores (S.rho = -0.019, p = 0.895), and ModSNAQ scores did not
predict a decline in HtSDS of > 0.2 (AUC = 0.600 (95%CI: 0.381 - 0.819)). Comparing those with poor or good
appetite (ModSNAQ <15.5 versus >15.5), those with poor appetite had an average increase in BMI SDS, rather
than decrease (0.28 IQR+0.90 versus -0.2 IQR+0.52; MWUT = 262.5, p = 0.048). This remained the case when
examining the PDCM group alone (0.28 IQR+0.90 versus -0.05 IQR+0.55; MWUT = 202.5, p = 0.040).

In the PDCM group, difference between those whose kidney function decline by > 10ml/min/1.73m2 at 12
months (n=3) and those with less of a decline (n=33) neared statistical significance with lower scores in those
with greater decline in kidney function (Median = 22 (IQR 7) versus 8 (IQR n/a); MWUT = 16.5, p = 0.057).

6.2.5. Component Analysis of the ModSNAQ questionnaire
The individual component responses are displayed in Figure 36, below. Number of meals consumed per day
(Questions 3 and 4) showed less variation in response than the other questions, with no children having fewer

than two meals per day.

Component Responses of the ModSNAQ Tool in the Cohort
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Figure 36. Number of responses for each component of the ModSNAQ questionnaire of the TEMPeReD
cohort (n=60).

The Figure demonstrates the responses of the cohort for the components of the ModSNAQ tool. Each
question scores from 1 (red) to 4 (green). Question 1 (A) subjective rating of appetite; Question 2 (B)
Satiety; Question 3 (C) Usual meal number; Question 4 (D) Current meal number; Question 5 (E)
Portion size; and Question 7 (F) Dietitian’s opinion. Question 6 is not scored, and allows responders to
comment on their appetite. Portion size and the dietitian’s score (Questions 5 and 7) had more top and
bottom scores, compared to self-rated appetite (questionl) and satiety (question 2).

(A) (B)
124



Percent

Jon o question

Percent

First Second
SHAQ SHAQ
e quesiicn e quesiicn

Percent

HSDS <2 HSDS <2

(C) (D)

Third Faurth
SHAQ SHAQ
Jo0mwH question

Percent

HSDS <2 HSDS <2

Frith Saverth

SHAQ SHAQ
e quesiicn e quesiicn
H1 oo H1 oo

Percent

Percent

HSDS <2 HSDS <2

Figure 37. ModSNAQ scores depending upon growth status for the entire cohort (n=60).
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Figures demonstrate the responses of the cohort for the components of the ModSNAQ questionnaire for
those with poor growth (height standardised deviation score <-2) and those with normal growth (height
standardised deviation score >-2). Each question scores from 1 (red) to 4 (green). Question 1 (A)
subjective rating of appetite; Question 2 (B) Satiety; Question 3 (C) Usual meal number; Question 4
(D) Current meal number; Question 5 (E) Portion size; and Question 7 (F) Dietitian’s opinion.
Question 6 is not scored, and allows responders to comment on their appetite. There is a trend for those
with poorer growth to respond to questions with a lower score for all questions. The questions asking
about the number of meals consumed had no responders scoring 1 (red), reporting that all children had
at least two meals a day. Abbreviations — HtSDS — height standardised deviation score.
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Figure 38. Component Analysis of the ModSNAQ questionnaire comparing those with HtSDS >-2 and
those with HtSDS <-2 in the pre-dialysis, conservatively-managed subgroup (n=46).

Mean (and 95% confidence intervals) shown for each component question for the PDCM subgroup
arranged in pairs of those with adequate growth (HtSDS >-2, n=43) and those with poor growth
(HtSDS <-2, n=17).
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6.3. DISCUSSION

A clinical need for a formalised appetite assessment was confirmed through both a survey of HCP’s views, and
through a retrospective clinical audit evaluating assessment of appetite. Following the questionnaire’s
development, the ModSNAQ was validated on a clinical cohort and then used to test the hypothesis that those
children with poorer appetite would have poorer dietary intake, poorer growth, poorer nutritional status, and

progress more rapidly in their kidney disease.

The results demonstrated a high prevalence of poor appetite that cannot be fully explained by disease severity
alone. Appetite was associated with energy and nutrient intake. Poor appetite was associated with increased

BMI, but not linear growth. Appetite scores neared significance for prediction of progression of kidney disease.

These data show, using a novel appetite assessment questionnaire, that the prevalence of poor / very poor
appetite in this cohort is about 25%. This is higher than that previously reported. In the adult haemodialysis
population in the HEMO study (83), 38% reported diminished appetite, 7% poor appetite. In the CKiD study of
879 children with PDCM CKD in the USA (84) “poor/very poor” appetite had a prevalence of 4% (1% very
poor) as assessed on a 5-point Linkert scale (very good / good / fair / poor / very poor). Although the HEMO
cohort is significantly different than that present here (adult patients undergoing haemodialysis in the USA), it
would be expected that those with more severe disease, undergoing significant medical intervention known to
influence appetite would have a higher prevalence of poor appetite than the group of PDCM patients. The CKiD
cohort is similar to the cohort presented here (children with pre-dialysis CKD), with a similar average eGFR
(51.7ml/min/1.73m?). It may be that the increased prevalence of poor/very poor appetite in the cohort presented
here is a ‘truer’ reflection. The ModSNAQ questionnaire has the additional benefit of capturing proxy measures

of intake (portion size and meals per day) rather than a purely subjective rating of appetite.

A systematic review of the ability of appetite scoring systems to predict energy intake concluded that only half
of studies demonstrated agreement (267). The ModSNAQ questionnaire scores did correlate with intake of
energy and nutrients, although not when expressed as percentage of requirements. There may be a more
influential dietary component on appetite as there seems to be a specific relationship between protein intake and
appetite that does not exist for other macronutrients. Rats select protein-rich foods when exposed to protein-
deficient diets, or during periods of additional protein requirements, such as pregnancy (268), and these findings
are congruent with those of food choices and reduction in appetite in healthy humans (269). Although in this

cohort, the strongest correlation with appetite was sodium intake.

Appetite as assessed by ModSNAQ score was not lower in those with poor growth (HtSDS<-2, or HtVelSDS<-
2). In the CKiD study, those with worse appetite were found to be more likely to improve their anthropometric
scores (84). In the data presented here, those with ModSNAQ scores <15.5 (i.e., poor appetite) had an average
increase in BMI SDS at 12 months compared to those with good appetite who had an average decrease. A
similar pattern in change in HtSDS was not observed. This may be interpreted as medical and dietetic

intervention increasing BMI but this not translating into linear growth.

Averaged anthropometric measurements alone may not be ideal in the assessment of changes. The paediatric
CKD population is composed of a mixed group, with an increasing prevalence of obesity (34% of the CKiD

study had BMI > 85™ percentile). Therefore, there are groups of children that may be trying to decrease their
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BMI SDS over time, whilst others are trying to increase it due to being underweight. Future studies should be
large enough for sub-group analysis of those of varying anthropometric categories. Although appetite is one
factor in modifying these measurements, many others are also at play, including medical (e.g., growth hormone

therapy) and dietetic intervention (e.g., supplemental feeds).

Although appetite may be seen as both a marker of disease and a nutritional risk factor, other modifying factors
that may not be encompassed within the questionnaire. The development of the questionnaire aimed to introduce
more of an objective assessment of appetite though the introduction of meal volume and number, there remains a
significant subjective element to the responses. In the aforementioned HEMO study (83), it was found that
appetite may improve with time. This may be due a resetting of biological systems once in a period of stability,
and/or that in those with disturbed appetite that a ‘new normal’ is developed by which they now judge their

appetite.

6.3.1. Limitations

There are several limitations to this study. Firstly, although a pragmatic approach was taken in the composition
and size of the cohort used, a larger cohort from several centres, with longitudinal design would be of benefit.
Validation of the ModSNAQ is needed against appetite as assessed through more objective measures. Dietary
intake was assessed through 24-hour recall that has limitations including under-reporting due to poor recall and

conformity bias.

6.3.2. Future Directions

The ModSNAQ questionnaire is now being trialled in routine clinical practice as part of the instigation of an
annual review process for end-stage kidney disease patients that has been introduced. The questionnaire should
be used as part of a larger, longitudinal study, or through collection of routine data as part of this annual review
process. This would allow for ascertaining any predictive power that the questionnaire might have, and its

potential utility in clinical decision-making.

The questionnaire, if modified to remove the dietitian’s assessment, may be useful as a tool to identify those
CYP at risk — requiring nutritional assessment. This needs to be explored further but has potential to ‘triage’
CYP into dietetic services if undertaken prior to hospital attendance for out-patient clinics, for example.

Appetite in the paediatric CKD population could be explored further through qualitative studies — an area that is

also limited in the medical literature.

6.3.3. Concluding Remarks
There is a high prevalence of poor appetite that cannot be fully explained by disease severity alone. Poor appetite
is associated with subsequent increased BMI, but not linear growth that may be attributable to currently

employed interventions.

6.3.4. Practice Points
e A multidimensional, structured assessment of appetite captures appetite with greater granularity, and is
quick and easily to integrate into clinical practice.
e Using this approach, the prevalence of poor appetite is greater than previously reported. This may have

implications for risk of nutritional inadequacy for the paediatric CKD population.
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e Appetite is not closely correlated to disease severity, and thus those with mild-moderate disease should
also be assessed.

e The use of a scoring system may facilitate both longitudinal and between person comparisons.
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7. HEALTH-RELATED QUALITY OF LIFE IN CHILDREN WITH CHRONIC KIDNEY DISEASE
So far, | have explored the relationship between measures of growth and objective measures of nutritional status.
Health-related quality of life is a summative statement of an individual’s well-being. In order to test the
hypothesis of the influence of nutritional status on growth and well-being, the TEMPeReD cohort of children
and young people will be evaluated using a well-recognised and validated assessment tool and comparisons

made between those with poor growth and those with adequate growth.

7.1. INTRODUCTION
Health-related quality of life (HRQoL) is an individual's subjective perception of the impact of health status,
including disease and treatment, on physical, psychological, and social functioning (93). Children with CKD,

even those with disease on the milder end of the spectrum, have poorer HRQoL (90, 94-96).

Despite the recognition that HRQoL is important, there is limited data in this disease group with existing
literature focusing upon end-stage disease and those following kidney transplantation. Of the studies that
examine CKD stages 2 — 4 in the paediatric population (95, 96, 106-109), only one (108) examines nutritional
status (evaluating the effect of short-stature). There is therefore a need to examine the effect of nutritional status;
including obesity on HRQoL, and any association of HRQoL on future nutritional status.

The aims of this study are to report the HRQoL scores as assessed by the validated PedsQL ™

questionnaire and
to explore the relationship of HRQoL scores to markers of nutritional status, particularly markers of growth. It

will also examine concordance between the scores of the child and their parent/carer.

7.2.  METHODS
A cross-sectional, observational study was performed to determine the HRQoL of a cohort of children with CKD

and its relationship to markers of nutritional status. The TEMPeReD study is described in chapter 5.

7.2.1. Measures

As detailed previously, basic clinical and anthropometric data were collected; including height, weight, waist
circumference, mid-upper arm circumference (MUAC) and standard deviation score (SDS), body mass index
(BMI) and waist circumference-to-height ratio (WHtR) calculated. Appetite was assessed by a simple Likert
scale by the child: Very poor-1, Poor-2, Good-3, Very good-4. Definitions of obesity were BMI SDS >2; MUAC
SDS >2 or >25cm (270); and a WHtR >0.5 (75). Short stature was defined as a height SDS <-2. Blood for
analysis of markers of the micronutrients copper, selenium, zinc and manganese were collected, and analysed

through the clinical pathology department.

Further anthropometric and clinical data were collected via the electronic clinical record at 6 months and 12
months subsequent to initial assessment, and change in weight SDS, BMI SDS, height SDS and estimated

glomerular filtration rate (eGFR) calculated.

The HRQoL was assessed using the PedsQL ™ tool (271). This is a series of questions posed to the child and the

parent / caregiver that assess physical, emotional, social and schooling aspects of the child’s life (Appendix
11.6).
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The PedsQL™ tool was developed to measure HRQoL in children and has been validated for a number of
chronic health conditions (272-274). It was highlighted in a systematic review of tools to assess HRQoL as one
of the more thoroughly developed measures and has been validated for a wide age range of children (275).
Although originally developed and validated for a USA population, it has been validated for a UK population of
both healthy children and those with chronic conditions (asthma, diabetes, and inflammatory bowel disease)
(276).

The PedsQL™(271) consists of two questionnaires; one for the child and one for a parent/care-giver. They ask a
series of questions that assess four domains: physical, emotional, social and schooling aspects of the child’s life.
It is scored as individual domains and as a total score (all four domains), and is expressed as a percentage of
maximum score. The tool is available in age-appropriate versions: toddler (2 — 4years), young child (5 — 7 years),
older child (8 — 12 years) and teenager (13 — 18 years). There is no child (self-rater) questionnaire for those age

2-4dyears.

As a marker of deprivation, Income Deprivation Affecting Children Index (IDACI) scores were calculated using
participants’ postcodes. United Kingdom Department of Communities and Local Government data (2015) via
the online platform that provides a selection of official statistics and data outputs on a variety of themes related

to the UK Department of Housing, Communities and Local Government (277).

7.2.2. Statistical Analysis
Data were analysed using SPSS version 20 for Windows (SPSS Inc., Chicago, lllinois, United States of
America). Statistical significance was defined as a p-value of less than 0.05. Descriptive statistical analysis was

LTM

performed; including distribution of gender and age-group (as defined by the PedsQ questionnaire).

Independent t-tests were performed to compare: the questionnaire scores with both healthy control data from
Varni et al’s cohort (271). Concordance between self-reported and parent proxy questionnaire scores were

compared using a paired t-test.

Correlation was explored between HRQoL scores and markers of nutritional status by examination of scatter-

plot, and if appropriate, calculation of correlation coefficient values (Spearman’s rho).

Data were firstly analysed as an entire cohort and then as treatment modality subgroup: pre-dialysis,

conservatively-managed; and post-kidney transplantation.

7.2.3. Ethical Approval

The study was approved by a Health Research Authority South East — Surrey Research Ethics Committee (REC
Reference: 16/L0O/0041). Informed consent was obtained from parents/carers with parental responsibility.
Informed assent was additionally obtained from those children/young people as participants in the study if age

appropriate.

7.3. RESULTS
A total of 60 children and their parent-proxy were recruited as detailed in Chapter 5. The results were firstly

analysed as an entire cohort and then anlaysed by treatment modality subgroup.
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7.3.1. Entire Cohort

The composition of the TEMPeReD cohort is described in detail in previous chapters, and was composed of 60
children and young-people with chronic kidney disease. Both the child / young-person completed a questionnaire
and a caregiver completed a corresponding questionnaire. If the child was below the age of five years (n=7), only
a parent-proxy questionnaire was completed — as per the usual protocol for the questionnaire. All participants
enrolled into the study completed the questionnaires, therefore, a total of 113 (60 parent-proxy and 53 child (self-

rater) questionnaires were completed and analysed.

As presented in Tables 18 and 19, overall scores from the cohort were significantly lower than the healthy
control data published by Varni et al (271) across all domains (p<0.00001). There were no significant differences
found between scores depending upon sex as assessed by independent t-test (Table 20). Concordance between
the child (self-rater) and parent-proxy scores were compared (Table 21), Scores for the emotional domain were
significantly lower in the parent proxy compared to the child’s own scoring (p=0.005). Following sub-group
analysis by age-group, statistical significance only remained in those aged 5 — 7 years (p=0.046). The cohort was

evaluated for difference in PedsQL™

scores between different treatment subgroups (PDCM, dialysis, and post-
transplantation). Total child (self-rater) and parent=proxy scores were not significantly different from one
another as assessed by one-way ANOVA test (Child: F(2, 49) = 0.862, p = 0.429; parent-proxy: F(2,57) = 0.459,

p = 0.634). There was also no difference between the groups on domain sub-group analysis.
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Table 18. Comparison between child (self-rater) scores for the entire cohort (n=60) with healthy control reference data.

Children with CKD at Southampton Children’s Hospital (self-rater)

Physical Emotional Social School Total
64.01 65.99 68.29 58.51 65.03
(21.74) (20.69) (22.71) (17.29) (17.09)

Physical |

86.86
(13.88)
P<0.00001

Healthy Control Data (Varni et al)

Emotional Social School Total
78.21 84.04 79.92 82.87
(18.64) (17.43) (16.93) (13.16)
P<0.00001 P<0.00001 P<0.00001 P<0.00001

Mean PedsQL™ scores with breakdown by domain scores for the self-reported ‘child” questionnaire with comparison to healthy control data from Varni et al (2003
(271)). Standard deviation in parentheses. Statistically significant (p<0.05) comparisons in bold. Children with CKD reported significantly lower scores across all

domains than healthy controls.

Table 19. Comparison between Parent-proxy scores for the entire cohort (n=60) with health control reference data.

Children with CKD at Southampton Children’s Hospital (parent-proxy)

Physical Emotional Social School Total
64.46 59.21 70.44 61.00 63.43
(24.88) (21.28) (21.01) (18.88) (17.45)

Physical
83.26
(19.98)
P<0.00001

Healthy Control Data (Varni et al)

Emotional Social School Total
80.28 82.15 76.91 81.34
(16.99) (20.08) (20.16) (15.92)
P<0.00001 P<0.00001 P<0.00001 P<0.00001

Mean PedsQL ™ scores with breakdown by domain scores for the parent-proxy questionnaire with comparison to healthy control data from Varni et al (2003) (271).
Standard deviation in parentheses. Statistically significant (p<0.05) comparisons in bold. Parents of children with CKD reported significantly lower scores across

all
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Table 20. Statistical comparison between males and females across all domains for the entire cohort
(n=60).

Domain | t-value (degrees of freedom) | p-value
Child (self-rater)
Physical 1(26.069) = -0.807 0.427
Emotional t(36.070) = -1.058 0.297
Social £(32.409) =-0.499 0.621
School 1(29.191) = -0.945 0.353
Total 1(29.756) = -0.916 0.367
Parent-Proxy

Physical t(34.103) = -1.008 0.320
Emotional t(38.049) = -0.629 0.533
Social £(38.531) = -0.847 0.402
School £(36.749) = -1.001 0.323
Total £(38.703) = -1.257 0.216

Comparison of HRQoL was made between girls and boys, with no significant differences found when
the entire cohort was analysed by independent t-test.
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Table 21. Examination of concordance between child and parent for the entire cohort (n=60).

Child (Self-rated) Scores

Parent Proxy Scores

Physical Emotional Social School Total Physical Emotional Social School Total
2-4 65.24 63.75 76.25 74.02 67.59
years X X X X X (25.30) (29.37) (25.60) (25.39) (21.84)
5-7 55.58 66.88 62.29 56.25 62.81 52.12 51.25 72.19 58.13 57.48
years (29.40) (29.39) (24.15) (15.98) (21.35) (28.54) (18.85) (17.70) (21.87) (18.14)
P=0.799 P=0.046 P=0.310 P=0.786 P=0.327
8-12 66.08 64.42 68.08 59.90 64.79 68.78 57.12 68.27 58.65 63.47
years (20.47) (17.79) (22.09) (18.03) (16.77) (23.56) (21.64) (21.26) (16.47) (16.24)
P=0.531 P=0.068 P=0.848 P=0.744 P=0.518
13-18 64.78 67.85 71.25 57.50 66.36 61.98 62.64 70.22 60.35 63.46
years (20.14) (21.32) (23.74) (17.51) (16.46) (24.21) (17.91) (21.07) (17.59) (17.09)
P=0.499 P=0.276 P=0.407 P=0.873 P=0.163
Total 64.01 65.99 68.29 58.51 65.03 64.46 59.21 70.44 61.00 63.43
(21.74) (20.69) (22.71) (17.29) (17.09) (24.88) (21.28) (21.01) (18.88) (17.45)
P=0.943 P=0.005 P=0.802 P=0.870 P=0.113

Mean PedsQL™ scores for each age group and domain. Standard deviation in parentheses. Nb. there is no self-reported score for those aged 2-4years. P-values

refer to differences between the self-reported and parent-proxy scores, with statistically significant (p<0.05) comparisons in bold. Scores for the emotional domain
were significantly lower in the parent proxy compared to the child’s own scoring (p=0.005). Following sub-group analysis by age-group, statistical significance only
remained in those aged 5 — 7 years (p=0.046).
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7.3.1.1.

Growth

Those with poor growth as defined by HtSDS and HtVel SDS were compared to those with adequate growth.

The results are presented in Tables 22 and 23. There is a marked difference between the comparison depending

upon which definition of poor growth used, with a ‘across the board’ lowering of scores when HtSDS is used,

but with HtVel SDS is used, no difference is seen in child(self-rater) scores even on subgroup analysis. For the

parent-proxy questionnaires, although for HtVel SDS the total score remains lower in those with HtVel SDS<-2,

upon reviewing each domain for differences, only the emotional domain is significantly different.

Table 22. Comparison between those with poor growth (HtSDS<-2) and those with adequate growth for
the entire cohort (n=60).

Poor growth (HtSDS<-

Adequate growth (HtSDS>-

t-value (degrees of

Domain 2), n=17. 2), n=43. freedom) p-value
Mean (£SD) Mean (£SD)
Child (self-rater)
Physical 48.72 (£21.18) 70.81 (+18.50) t(25.629) = -3.606 0.001*
Emotional 53.44 (+19.47) 71.53 (+18.90) t(28.083) = -3.126 0.004*
Social 58.96 (+25.27) 72.43 (£20.51) t(24.175) = -1.875 0.073
School 54.38 (+17.31) 60.34 (+17.20) t(28.685) = -1.151 0.259
Total 53.19 (+16.65) 70.29 (£14.64) t(25.773) = -3.546 0.002*
Parent-Proxy
Physical 45.33 (£20.91) 72.03 (+22.28) t(31.185) = -4.374 <0.0005*
Emotional 50.15 (+21.66) 62.79 (x£20.27) t(27.738) = -2.074 0.047*
Social 60.00 (+18.03) 74.57 (+20.85) t(33.793) = -2.265 0.011*
School 54.64 (+16.01) 63.52 (+19.50) t(35.598) = -1.816 0.078
Total 50.73 (+£12.95) 68.45 (+£16.52) t(37.323) = -4.402 <0.0005*

*-statistically significant (P<0.05). Comparison between those with poor growth and those with
adequate growth by independent t-test analysis. Those with poor growth as defined as a HtSDS <-2 had
lowers scores than those with adequate growth (HtSDS>-2).0On analysis of each domain component,
within the child (self-rater) questionnaire social and school domains were not significantly different,

and within the parent-proxy gquestionnaire, the school domain was not significantly different.
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Table 23. Comparison between those with poor growth (HtVel<-2) and those with adequate growth for the
entire cohort (n=60).

Poor growth (HtVel Adequate growth (HtVel t-value (degrees of
Domain SDS<-2), n=17. SDS>-2), n=43. freedom) p-value
Mean (£SD) Mean (£SD)
Child (self-rater)
Physical 57.79 (£21.45) 66.31 (+21.68) 1(23.452) = -1.267 0.218
Emotional 60.71 (+18.59) 67.93 (+21.31) 1(26.454) = -1.192 0.244
Social 60.42 (+23.06) 71.18 (+22.18) t(22.456) = -1.509 0.145
School 59.29 (+16.62) 58.22 (£17.73) 1(24.662) = 0.201 0.843
Total 61.13 (£17.53) 66.47 (£16.93) t(22.536) = -0.983 0.336
Parent-Proxy
Physical 55.88 (+20.96) 67.86 (+25.70) t(35.856) = -1.865 0.070
Emotional 47.50 (£23.55) 63.84 (+18.64) t(24.337) = -2.531 0.017*
Social 64.85 (+21.87) 72.65 (£20.50) t(27.761) = -1.266 0.216
School 60.32 (+14.65) 61.27 (+20.46) t(40.924) = -0.200 0.842
Total 56.84 (£14.07) 66.04 (+18.11) t(37.664) = -2.094 0.043

*-statistically significant (P<0.05). Comparison between those with poor growth and those with
adequate growth by independent t-test analysis. Those with poor growth as defined as a Htvel SDS <-2
did not have lower scores in the child(self-rater) questionnaire. In the parent-proxy questionnaire, total

scores were lower, but only the emotional component was significantly different.

7.3.2. Post-transplantation Subgroup

Subgroup characteristics are described previously in Chapter 5. The PedsQL™

scores for the post-
transplantation subgroup (n=10) are shown in Table 24. When compared to normative data (271), total scores
for both the child (self-rater) and parent-proxy questionnaires were significantly lower than healthy control data.
On component analysis, within the child (self-rater) questionnaire, the emotional and social components lost

their significance.

Concordance between child (self-rater) and parent-proxy questionnaires was tested using paired t-test. Scores
were similar across all domains except the Emotional domain in which children/young people scored themselves
significantly higher than their caregivers (68.00 SD+ 17.83 versus 48.50 SD+ 11.80, t(9)=3.032, p = 0.014).
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Table 24. Mean (standard deviation) PedsQL ™ scores for the post-transplantation subgroup (n=10) compared to healthy controls.

Physical
62.38 (19.50)

Physical
64.38 (16.94)

Children with CKD at SCH (self-rater)

Emotional
68.00 (17.83)

Children with

Emotional
48.50 (11.80)

Social
74.50 (19.64)

School
52.00 (19.03)

CKD at SCH (parent-proxy)

Social
69.50 (16.24)

School
52.50 (15.70)

Total
63.81 (15.21)

Total
59.46 (9.51)

Physical
86.86 (13.88)*

Physical
83.26 (19.98)*

Healthy Control Data (Varni et al)

Emotional
78.21 (18.64)

Healthy Control Data (Va

Emotional
80.28 (16.99)*

Social
84.04 (17.43)

Social

82.15 (20.08)*

School
79.92 (16.93)*

rni et al)
School
76.91 (20.16)*

Total
82.87 (13.16)*

Total
81.34 (15.92)*

*Significant difference for t-test p<0.05. Note that there is no self-rated score for those aged <5 years. Comparison is from healthy control data from Varni et al(271).

Table 25. Mean (standard deviation) PedsQL ™ scores for the post-transplantation subgroup (n=10) with comparison between child (self-rater) and parent-proxy

scores.

Physical

Child (Self-rated) Scores

‘ Emotional ‘

Social

School

Total

62.38 (19.50) ‘ 68.00 (17.83) ’ 74.50 (19.64) ‘ 52.00 (19.03) ‘ 63.81 (15.21)

Physical

‘ Emotional

Parent Proxy Scores

Social

School

Total

64.38 (16.94) ‘48.50 (11.80)*‘ 69.50 (16.24) ‘ 52.50 (15.70) | 59.46 (9.51)

*- statistically significant, for t-test p<0.05. Note that there is no self-rated score for those aged <5 years.
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7.3.2.1.

Growth

Those with poor growth as defined by HtSDS and HtVel SDS were compared to those with adequate growth.

The results for the post-transplantation subgroup are presented in Tables 26 and 27. These show that for those

with HtSDS <-2, only the physical component of the parent-proxy questionnaire was different compared to

HtSDS >-2. For HtVel SDS-defined poor growth, only the emotional domain of the parent-proxy questionnaire

was significantly different.

Table 26. Comparison between those with poor growth (HtSDS<-2) and those with adequate growth for
the post-transplantation subgroup (n=10).

Poor growth (HtSDS<-

Adequate growth (HtSDS>-

t-value (degrees of

Domain 2), n=4. 2), n=6. freedom) p-value
Mean (£SD) Mean (£SD)
Child (self-rater)
Physical 53.13 (+15.09) 68.54 (+20.83) t(7.856) = -1.356 0.213
Emotional 70.00 (+15.81) 66.67 (+20.41) t(7.681) = 0.290 0.779
Social 71.25 (+£16.52) 76.67 (£22.73) t(7.849) = -0.436 0.675
School 45.00 (£5.77) 56.67 (+23.80) t(5.845) = -1.151 0.295
Total 58.97 (+4.56) 67.03 (£19.31) t(5.804) = -0.983 0.365
Parent-Proxy
Physical 48.44 (£5.41) 75.00 (+12.66) t(7.214) = -4.554 0.002*
Emotional 53.75 (+11.81) 45.00 (+£11.40) t(6.401) = 1.163 0.286
Social 65.00 (+10.80) 72.50 (+£19.43) t(7.886) = -0.782 0.457
School 48.75 (£10.31) 55.00 (+£18.97) t(7.845) = -0.672 0.521
Total 53.26 (+7.48) 63.59 (+8.82) t(7.353) = -1.989 0.085

*-statistically significant (P<0.05). Comparison between those with poor growth and those with
adequate growth by independent t-test analysis demonstrated no differences between the groups, except

for within the physical component of the parent-proxy questionnaire.
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Table 27. Comparison between those with poor growth (HtVel SDS<-2) and those with adequate growth
for the post-transplantation subgroup.

Poor growth (HtVel Adequate growth (HtVel t-value (degrees of
Domain SDS<-2), n=3. SDS>-2), n=7. freedom) p-value
Mean (£SD) Mean (£SD)
Child (self-rater)
Physical 70.41 (+30.88) 58.93 (+14.37) t(2.382) = 0.616 0.592
Emotional 60.00 (+21.79) 71.43 (£16.51) t(3.044) = -0.814 0.475
Social 73.33 (+30.55) 75.00 (+16.33) t(2.507) = -0.089 0.936
School 50.00 (+21.79) 52.86 (+19.55) t(3.479) = -0.196 0.856
Total 63.77 (£24.79) 63.82 (£11.92) t(2.408) = -0.003 0.998
Parent-Proxy
Physical 69.79 (+14.09) 62.06 (+18.53) t(5.122) = 0.721 0.503
Emotional 36.67 (+7.64) 53.57 (+9.45) t(4.797) = -2.979 0.032*
Social 68.33 (+28.87) 70.00 (+10.80) t(8.000) = -0.140 0.892
School 48.33 (£2.87) 54.28 (+18.80) t(6.618)=-0.815 0.443
Total 57.61 (+3.92) 60.25 (+11.31) t(7.959) = -0.545 0.600

*-statistically significant (P<0.05). Comparison between those with poor growth and those with
adequate growth by independent t-test analysis. Those with poor growth as defined as a HtVel SDS <-2
only demonstrated a difference in the emotional component of the parent-proxy questionnaire.

7.3.2.2. Association with emotional component of the PedsQL™ questionnaire

On exploration for association between the emotional domain of the PedsQL (child, self-rater), correlations were
found with time since diagnosis (S.rho = -0.683, p = 0.030); eGFR (S.rho = 0.738, p = 0.015); and number of
anti-hypertensive medications (S.rho = -0.701, p 0.024). There was no correlation with total medication burden
(S.rho = -0.581, p = 0.078), deprivation score (S.rho = 0.268, p = 0.486), or lower nutrient intake (number of
nutrients below LRNI) (S.rho = -0.295, p = 0.407). Those with significant correlations were further explored
using multiple-linear regression analysis. Only eGFR added significantly to the model, and described 67% of the

variability in emotional domain score (r2 = 0.670, p = 0.004).

Multiple-linear regression analysis was performed to determine the domain that contributed greatest to the
overall scores. A model was constructed for both the child (self-rater) and parent-proxy questionnaire scores,
with all domains adding significantly to the model predicting the total score. In the child (self-rater)
questionnaire, the domain that contributed greatest to the model was the physical domain with a p value of 0.323
(values for other domains: emotional = 0.223, social = 0.197, school = 0.242). For the parent-proxy scores, the
physical domain again held the greatest influence on the total score with a B value of 0.348 (values for other

domains: emotional = 0.217, social = 0.217, school = 0.217).

7.3.3. Pre-dialysis, conservatively-managed Subgroup

A total of 46 children with pre-dialysis, conservatively-managed CKD were recruited. Due to the removal of
other variables, such as dialysis, and immunosuppressive drug regimens, additional analyses were undertaken to
explore other variables' influence on HRQoL,; including appetite. The cohort had a mean age of 10.50 + 4.19
years. 18 (39.1%) were female. There were no significant differences between boys and girls; including age,
time since diagnosis, eGFR, height SDS, weight SDS, BMI SDS, WHIR and appetite.

7.3.3.1. Anthropometry
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Mean values (with standard deviations) of height SDS, weight SDS and BMI SDS for the cohort were -1.03
(x1.51), -0.43 (£1.81), and 0.32 (+1.41), respectively. The majority of children were within normal growth limits
(x2SD). A greater number of children were obese as defined by WHtR than by WtSDS or BMISDS definitions.
Eight children (17.4%) had weight SDS <-2 (malnourished by ICD-10 definition), three children (6.5%) had
weight SDS >2. One child (2.2%) was under-weight for height (BMI SDS <-2), six children (13.0%) were
overweight for height (BMI SDS >2). 12 children (26.1%) were short-for-age (height SDS <-2), one child
(2.2%) was tall-for-age (height SDS >2). 20 children (43.5%) had a waist circumference-to-height ratio greater
than 0.5.

7.3.3.2. HRQoL Scores

HRQoL scores are presented in Table 28. HRQoL scores were lower in all domains for both the self-rated and
parent proxy components of the PedsQL™ tool than healthy control populations (Varni et al). There was good
concordance between the self-rater and parent-proxy scores (t-test: t(37)=0.281, p=0.780). Details of subgroup

analysis for different ages and PedsQL ™ domains are available in Table 29.

Table 28. PedsQL™ scores for the pre-dialysis, conservatively-managed subgroup (n=46) compared to
healthy controls.

Children with CKD at SCH (self-rater Healthy Control Data (Varni et al)

Physical | Emotional Social School Total Physical | Emotional Social School Total
65.10 34.38 65.48 58.88 64.22 86.86 78.21 84.04 79.92 82.87
(£22.57) (£24.65) (£23.98) (x16.91) (£18.00) | (£13.88)* | (x18.64)* | (¥17.43)* | (£16.93)* | (x13.16)*

Children with CKD at SCH (parent-proxy) Healthy Control Data (Varni et al)
Physical | Emotional Social School Total Physical | Emotional Social School Total
65.27 61.47 70.52 63.48 64.64 83.26 80.28 82.15 76.91 81.34
(£26.27) (£22.53) (£22.80) (£19.68) (£19.13) | (x19.98)* | (¥16.99)* | (x20.08)* | (+20.16)* | (x15.92)*

*Significant difference for t-test p<0.0005. Standard deviation in parentheses. Note that there is no self-

rated score for those aged <5 years.
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Table 29. Mean Child (Self-rater) versus Parent-proxy PedsQL™ Scores of the cohort of paediatric pre-
dialysis, conservatively-managed CKD patients, and test for child-parent concordance using paired t-test

analysis.
Physical Emotional Social School
: . . . Total score
domain domain domain domain
2-4
years Parent-proxy 70.99+27.88 | 61.43+27.49 | 76.43+27.65 | 71.43+26.29 | 68.76 + 24.31
N=7
Child(self-rater) | 54.02+31.13 | 61.88+32.06 | 55.73+30.41 | 53.75+16.85 | 56.01 +24.18
5_—
years Parent-proxy 52.12 +28.54 | 47.50+17.53 | 67.50+24.35 | 55.00+23.30 | 55.02 +20.16
N=8
Paired t-test T(7)=0.329, | T(7)=2.308 | T(7)=-1555, | T(7)=-0.166, | T(7)=0.244,
Result P =0.752 P =0.054 P=0.164 P=0.873 P=0.814
Child(self-rater) | 70.24+19.10 | 66.33+17.16 | 67.33+18.70 | 62.83+16.44 | 67.23+14.92
8-12
years Parent-proxy 73.18 +26.64 | 63.67+24.31 | 68.33+22.73 | 64.33%15.22 | 67.33+18.37
N=15
Paired t-test T(12) =- T(12) = 0.600, T(12) =- T(12) =- T(12) =0.044,
Result 0.467, P =0.560 0.457, 0.241, P =0.966
P =0.649 ' P = 0.656 P =0.814 '
Child(self-rater) | 70.24+19.10 | 66.33+17.16 | 67.33+18.70 | 62.83+16.44 | 67.23+14.92
13-18
years Parent-proxy 73.18 +26.64 | 63.67+24.31 | 68.33+22.73 | 64.33+1522 | 67.33+18.37
N=16
Paired t-test T(14) = 0.846, T(()lfo)S" T(lgi?)‘ 0- T(14) =-1079, | T(14) = 0.355,
Result P=0.412 Pz 0.015 P = 0737 P =0.299 P=0.728
Child(self-rater) | 65.10 +22.57 | 64.38+21.65 | 65.48+23.98 | 58.88+16.91 | 64.22 +18.00
Lgﬂ Parent-proxy | 65.63+40.637 | 61.47 +22.53 | 75.00+35.007 | 63.48+19.68 | 64.64 +19.13
Paired t-test | T(37)=0.179, | T(37) = 1.249, ngi; - Tf’ggg - T(37) = 0.281,
Result P =0.859 P =0.220 P < 0.303 P = 0.208 P =0.780

Scores expressed as percentages with standard deviation in parentheses. 1 - median and interquartile
range.. Nb. there is no self-reported score for those aged 2-4years. P-values refer to the difference
between the self-reported and parent-proxy score for each age-group.
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7.3.3.3. HRQoL and Kidney function

Although HRQoL scores correlated with kidney function (eGFR) for the child(self-rater) scores (Pearson’s
coefficient = -0.362, p=0.026), this was not the case for the parent-proxy scores (Pearson’s coefficient = -0.133,
p=0.377). Although there is correlation of self-rated PedsQL™ scores, there were no difference in PedsQL™
scores for either self-rater or parent-proxy components between CKD stages (self-rater: F=2.284, df=5, p=0.07;
parent-proxy: F=1.117, df=5, p=0.367). Degree of proteinuria (UPCR) did not correlate with HRQoL scores;
including individual domain scores (total score (child) Spearman’s rho = 0.185, p=0.870; total score (parent-

proxy) Spearman’s rho = -0.05, p=0.755).

Table 30. Comparison of PedsQL ™ scores of those with height SDS <-2 and those >-2 in the pre-dialysis,
conservatively-managed subgroup (n=46).

Domain Poor growth (HtSDS<- | Adequate growth (HtSDS>- t-value (degrees of p-value
2), n=12. 2), n=34. freedom)
Mean (£SD) Mean (£SD)
Child (self-rater)

Physical 46.14 (£24.04) 72.82 (£16.99) t(14.257) = -14.257 0.005*
Emotional 45.00 (+15.33) 72.27 (¥18.79) t(22.709) = -4.647 <0.0005*
Social 52.12 (£26.39) 70.93 (¥21.08) t(15.471) = -2.105 0.052
School 55.45 (+18.36) 60.28 (£16.44) t(16.905) = -0.756 0.460

Total 49.20 (£18.32) 70.33 (£14.06) t(15.040) = -3.435 0.004*
Parent-Proxy

Physical 43.12 (£24.52) 73.08 (£23.03) t(18.323) = -3.696 0.002*

Emotional 47.71 (£24.76) 66.32 (+19.86) t(16.283) = -2.351 0.032*

Social 57.92 (£20.61) 74.97 (£22.11) t(20.615) = -2.417 0.025*

School 57.40 (£17.74) 65.63 (£20.13) t(21.777) = -1.332 0.197

Total 49.22 (£14.77) 70.07 (£17.60) t(19.220) = -2.464 0.023*

*-statistically significant (P<0.05). Comparison between those with poor growth and those with
adequate growth by independent t-test analysis demonstrated significantly lower scores in those with
poor growth (HtSDS<-2). On component analysis, within the child (self-rater) questionnaire, social and
school components were not significantly different. Within the parent-proxy questionnaire, the only
component that was not significantly different was school.

7.3.3.4. HRQoL and Anthropometry (markers of growth and obesity)

Those who were stunted (Height SDS <-2) had lower HRQoL scores than those who were not for both the child
(t(15.039) = -3.4356; p = 0.0037) and parent questionnaires (t(22.8722) = -4.10670; p = 0.0004). On component
analysis, physical, and emotional components of the child (self-rater) and the physical, emotional, and social
components of the parent-proxy were lower in those with HtSDS-defined poor growth (see Table 30). When
examining those with poor growth defined by HtVel SDS, there was no difference in scores; including upon

component analysis (see Table 31).

Those with obesity (as defined by BMI SDS (>2), MUAC SDS (>2) or waist circumference-to-height ratio,
WHTtR (>0.5)) did not demonstrate different scores from non-obese patients (see Tables 52-54 in Appendix 11.7).
7.3.3.5. HRQoL and appetite
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Children whose appetite was described as either “good” or “very good” had better scores than those with
appetites described as “poor” or “very poor” (child — t(36) = 2.851; p=0.007 and parent - t(44) = 2.910;
p=0.006).

7.3.3.6. HRQoL and micronutrient status
Correlations were explored between the plasma levels of copper, selenium, zinc, and whole blood manganese.

None of these measures correlated with HRQoL scores (see Table 32).

Table 31. Comparison of PedsQL ™ scores of those with height velocity SDS <-2 and those >-2 in the pre-
dialysis, conservatively-managed subgroup (n=46).

Poor growth (HtVel Adequate growth (HtVel
Domain SDg<-2), n(=12. qSDS>€-JZ), n=3£1. t'VaIlferé(;Z?;?es el v.'fIIJe
Mean (£SD) Mean (£SD)
Child (self-rater)
Physical 57.04 (+18.93) 67.60 (+23.31) t(16.275) = -1.379 0.187
Emotional 60.56 (+20.68) 65.56 (+22.15) t(14.197) = -0.623 0.543
Social 53.15 (+20.81) 69.31 (+23.92) t(15.180) = -1.962 0.068
School 61.67 (+16.96) 58.02 (£17.10) 1(13.467) = 0.563 0.583
Total 58.14 (+17.20) 66.12 (+18.11) 1(13.982) = -1.201 0.250
Parent-Proxy
Physical 55.21 (+22.07) 68.81 (+27.57) 1(24.023) = -1.715 0.099
Emotional 49.79 (+26.17) 65.59 (+19.92) t(15.739) = -1.906 0.075
Social 62.92 (+22.71) 73.21 (+22.54) 1(19.208) = -1.352 0.192
School 64.21 (+15.66) 63.22 (+21.13) t(26.076) = 0.170 0.867
Total 57.51 (+16.72) 67.15 (+£19.52) t(22.397) = -1.641 0.115

*-statistically significant (P<0.05). Comparison between those with poor growth and those with
adequate growth as defined by HtVel SDS<-2 by independent t-test analysis demonstrated no difference
between groups.

Table 32. Correlation analysis between PedsQ
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scores and blood micronutrient levels.

Child (Self-rater)
PedsQL™

Parent-proxy PedsQL ™

Serum Copper

Spearman’s rho = -0.105,
p = 0.553.

Spearman’s rho =-0.255,
p =0.104.

Serum Selenium

Spearman’s rho = -0.183,
p = 0.299.

Spearman’s rho = 0.165,
p = 0.295.

Serum Zinc Spearman’s rho = -0.324, Spearman’s rho =-0.180,
p = 0.061. p =0.254

Whole Blood Spearman’s rho = -0.260, Spearman’s rho = -0.060,
Manganese p=0.173 p=0.731.




7.3.3.7. Multiple-linear Regression Analysis
Variables that demonstrated correlation were used to perform multiple linear regression analysis to explore
relationships between variables and total PedsQL™ scores. Additionally, as the major determinant of total score

was the emotional component score, this was also examined.

Child (self-rater) HRQoL

On multiple linear regression for correlated variables (eGFR and HtSDS), these two variables statistically
significantly predicted child self-assessed HRQoL (total score) F(2,35)=12.436, p<0.0005, R®=0.415. Both
HtSDS and eGFR added statistically significantly to the prediction of child-assessed HRQoL (HtSDS p<0.0005,
eGFR p=0.008).

Parent-proxy HRQoL

On multiple linear regression for positively-correlated variables (HtSDS and IDACI), these two variables
statistically significantly predicted parent-proxy HRQoL (total score) F(2,42)=11.695, p<0.0005, R*=0.358. Both
HtSDS and IDACI added statistically significantly to the prediction of child-assessed HRQoL (HtSDS p=0.001,
IDACI p=0.005).

Emotional component determinants

Correlations with the emotional component of the child (self-rater) questionnaire were sought and those that
demonstrated significant correlation (eGFR: s.rho = -0.351, p = 0.031; HtSDS: s.rho = 0.556, p<0.0005; MUAC
SDS: s.rho = 0.415, p = 0.010; WtSDS: s.rho = 0.503, p = 0.001; BMI SDS: s.rho = 0.346, p = 0.033) were used
to construct a multiple linear regression model. On analysis, eGFR and HtSDS added significantly to the model
(p = 0.019 and p<0.0005, respectively) with an r? of 0.435 (p<0.0005). B values for eGFR and HtSDS were -
0.311 and 7.985, respectively.

7.4. DISCUSSION
This is the first data of HRQoL as assessed by the PedsQL™ 4.0 in children with pre-dialysis, conservatively-
managed CKD within the UK, and explores the association of nutritional status with HRQoL. The aim of this

study was to report PedsQL™

scores in a UK population of children with CKD and explore the association of
nutritional status on them, specifically to determine whether poor growth was associated with poorer HRQoL. |
hypothesised that disease severity, obesity and short stature would demonstrate association, but of the nutritional
status measures evaluated, poor appetite and short-stature demonstrated a strong association with lower HRQoL

scores.

These data show that HRQoL scores was significantly lower in this population; including in the subgroup of pre-
dialysis conservatively-managed CKD children compared to healthy control data, with mean score differences
greater than the minimal clinically important difference (MCID) score of 4.4 (child self-assessed questionnaire)
and 4.5 (parent-proxy questionnaire) (271). Existing literature is limited and has focused on those with the most
severe disease - those with end-stage disease (eGFR <15ml/min/1.73m? in receipt of including dialysis, or who
have undergone kidney transplantation). On the whole these report that HRQoL is lower in children with CKD
compared to healthy children, but with some conflicting results (96, 106-108, 278-286). Such conflict may be

explained by the heterogeneity of the tools used, but other factors may also be contributory.
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There was no difference in scores according to age or gender in this cohort, although previous studies have
shown lower scores in older children/young-people(286) and in girls (285, 286). Time since diagnosis did not
correlate with HRQoL scores. This may be explained by the heterogeneity of the cohort, with a potential mix of
those whose HRQoL worsens with time, and those that have altered “new normal” — a phenomenon described as
“response shift” (287).

7.4.1. HRQoL Concordance between child (self-rater) and parent-proxy scores

There was significant correlation between child (self-rater) and parent-proxy scores. On evaluation of the entire
cohort, the emotional domain scored significantly lower in parent-proxy scores compared to the self-rater scores.
This difference only remains in the post-transplant subgroup and not the PDCM on subgroup analysis. When
broken down by age subgroup, statistical significance only remained for the youngest children (aged 5-7 years).
It might be expected that a lack of concordance between self-rater scores and parent—proxy scores may be lower
in older children in which complexity of emotions and independence are greater. It may be that this discordance
in the more intensively managed children and young people is observed due to the small number in the subgroup
skewing these data, but children and young people may not have such insight into the emotional states discussed
in the questionnaire (feeling scared, sad, or angry, and worry about the future). Alternatively, parents may be
transposing their own feelings onto their child. Although these feelings are valid in themselves and may have
implications for the patient, I did not explore the caregivers’ quality of life or feelings regarding their child’s
health, emotional state or feeling/worries/concerns about the future of their child. Adult caregivers also have the
benefit of a wider knowledge of other children (and themselves as a child) and therefore have given benchmarks
by which to ‘judge’ their child in this respect. Studies involving a greater number of children are required to
confirm or refute this finding and to explore, perhaps qualitatively, the differences between the emotional
HRQoL component score differences. Discordance between self-reported and parent-proxy scores has been
reported previously in those with dialysis and post-kidney transplantation (281, 288, 289) with other literature

showing greater psycho-social score discordance in those approaching adulthood (108, 290).

A degree of disagreement is not surprising as the child’s perception of quality of life will be different, at least in
part due to parental expectations for their child based on their own life-experiences; experiences that the child
would not necessarily draw comparison with. This potential lack of comparison on the child’s part is one reason
why HRQoL should be assessed by children and parents / caregivers in order not to over-score those that ‘don’t
know any different’. Previous studies suggest that discordance between self-reported and parent-proxy
questionnaires increases as the child’s age increases (108). This is true not only for teenagers approaching

adulthood, but demonstrated by Razzcuk et al, also for younger children (291).

7.4.2. HRQoL and disease severity

Child (self-rater) HRQoL scores correlated with eGFR, but parent-proxy scores did not, and no correlation was
found between scores and degree of proteinuria. As the kidney impairment would have the greatest impact upon
the individual, then other modifying factors on the caregiver may explain the lack of correlation observed in the
parent-proxy scores. As proteinuria may be modified through medical intervention (such as the use of

angiotensin 1l converting enzyme inhibitors), proteinuria is not a complete marker of disease severity.
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Although eGFR did correlate with child (self-rater) HRQoL scores in our cohort, Gerson et al found that eGFR
did not correlate with HRQoL (95). A lack of correlation may be explained by the fact that eGFR is not a true
reflection of disease severity as it is too simplistic a marker. Furthermore, it does not take into consideration co-

morbidities, social factors, or other contributors to HRQoL.

7.4.3. HRQoL and growth

As previously reported in other disease-groups (108), stunted children reported lower HRQoL scores than their
non-stunted counterparts, and was the strongest influence on multiple regression analysis. The reasons for this
may be two-fold. Firstly, linear growth is a summation of events, is affected by myriad factors and is a proxy
measure for everything detrimental that has happened to the child. Secondly, short-stature may have
psychological impact on the child, as both a visual reflection of a child’s self-perceived health, and a noticeable
difference between themselves and their peers. In keeping with the latter suggestion, the emotional component of
the score was significantly influenced by height SDS independent of kidney function (eGFR).

On component analysis, the school domain was not different between those with adequate and those with poor
growth (including on subgroup analysis). This may be due to practices employed by healthcare professionals and
a family to try to limit impact upon school insofar as is practicable. Previous literature examining school
attendance in children and young people with chronic health needs has reported that those with chronic ill health
have twice as many days absent from school each year (292). That being said, absenteeism is not the main
influencing factor on scholastic achievement with social factors, including deprivation contributing more
significantly (292, 293).

7.4.4. HRQoL and obesity

Despite previous reports from other cohorts of children (294), these data do not demonstrate a lower HRQoL in
those with markers of obesity (BMI SDS, waist circumference-to-height ratio). The reason for this may be a shift
of the perceived normal body shape and “accepted” adiposity in children. Rates of obesity in the UK population
is now 14% of children aged 2-15years (BMI >95™ percentile)(153), and compare similarly to the percentage of
those obese in this cohort (BMI >2 SDS). Therefore, despite children being obese, if their day-to-day functioning
is not negatively impacted by this, then such children do not stand out from their peers, and so are perceived as
“normal”, or even healthy — Both obese children and their parents’ ability to recognise themselves as too heavy

is only 26% and <48%, respectively(153).

7.4.5. HRQoL and appetite

HRQoL scores were significantly higher in those with good appetite versus poor appetite. As appetite is a
complex function of many factors in which general health and well-being impact upon, this is not surprising. In
addition, eating is an important social setting — which much of family life is structured around. Alteration of
feeding habits, including through eating less and a focus of the medicalisation of the normal social activity
(advice to eat certain foods, avoid certain foods and to encourage oral intake in order to increase calorie intake,
for example) may have an impact on how they view themselves compared to others, and hence their perceived
HRQoL.
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7.4.6. HRQoL and micronutrient status

Biomarkers of micronutrient status did not correlate with HRQoL scores. These measurements are prone to
many factors, and have a high degree of buffering within the normal range; it is only at the extremes of nutrition
that these values become abnormal. In addition, levels may be affected by other factors such as underlying
inflammatory state. As discussed elsewhere, the markers by which we assess micronutrient status (blood

concentrations) may not truly be reflective of bodily status, especially in the context of CKD.

7.4.7. Limitations

There are several limitations to this study. Firstly, the cohort, although larger than other reported cohorts, is only
46 children of children with pre-dialysis, conservatively-managed CKD, and ten following transplantation.
Additionally, the study only measured HRQoL at a single time-point meaning that we were unable to examine
changing scores with time (including during changes in nutritional status and treatment). Nutritional status is a
complex, multi-faceted concept and this study only examined a selection of variables. Each of these measures
has their own limitations (for example BMI not truly reflecting body composition). Not all variables that may

have an impact on HRQoL such as markers of resilience and patient efficacy were explored.

7.4.8. Future directions

Further exploration of factors that could be influencing HRQoL, especially those that are modifiable, is needed
with the aim to improve the HRQoL of our patients. It is not unreasonable to predict that the nutritional changes;
including dietary restriction found in CKD and changes of body composition may have a detrimental effect upon
HRQoL. Therefore, further studies analysing the impact would be valuable in order to optimise management
strategies to improve HRQoL. A larger multi-centre cohort would allow for exploration of different aetiologies
and the effect this may have on HRQoL in addition to minimising type 2 errors. Longitudinal studies of HRQoL
in this disease-group are also needed. Although there is cross-sectional data comparing treatment modalities, it
would be useful to know how an individual’s HRQoL changes with time; with the changing disease severity,
changing treatment modality, changing nutritional status, transitioning from paediatric to adult services. This
would facilitate the exploration of the ways different management strategies, including nutritional intervention
influence HRQoL. Finally, the emotional component of the HRQoL assessment presented here seemed most
strikingly different from healthy peers, and work focused on exploring the emotional health; including its
relationship to diet, nutrition and dietetic management should be undertaken. Such work could include a
qualitative study exploring the perceptions and opinions of children, young-people and their caregivers with

regards to the nutritional management of kidney disease, as this is an area lacking in the current literature.

The routine introduction of HRQoL as a measure in clinical care may allow for a more patient-focused approach
to care. If the multi-disciplinary team is focused upon improving a patient-centred value, patients and their
families may be more engaged in decision-making, and those decisions may be more focused on improving

HRQoL rather than markers of disease, for example that may seem disconnected from day-to-day for families.

7.4.9. Concluding Remarks
HRQoL is lower in pre-dialysis, conservatively-managed paediatric CKD patients than in healthy control data.
Examination of multiple nutritional variables revealed that nutritional status is associated with HRQoL. Other

significant variables were eGFR for child (self-rater) scores and level of deprivation for parent-proxy scores.
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HRQoL is a measure of an overall status, and the perception of an individual’s own health status is an important
factor that healthcare providers should be aiming to improve. As healthcare services become more patient-
centred, the measures by which they are evaluated must include patient-centred measures and by assessing
HRQoL using a formalised tool, healthcare processes can be evaluated. HRQoL tools also have the potential to
be used as screening tools or to identify areas to be explored during out-patient consultation for a more holistic
consultation. For these reasons, HRQoL assessment should be considered for introduction into routine clinical
care for ongoing holistic care of children with chronic illnesses, including CKD, and to facilitate the acquisition

of longitudinal data regarding the impact of changes in nutritional status and therapy.

7.4.10.  Practice Points

e Assessment of the well-being of a child or young person can be readily performed by validated
questionnaires in the out-patient setting.

e HRQoL is lower than healthy peers even in those with mild-moderate disease. Identifying early those
with poor HRQoL may inform greater clinical care, and help identify those who need additional
support. In addition longitudinal changes with disease progression and clinical care, including nutrition,
could be tracked.
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8. INTERVENTIONAL STUDY: EVALUATING A NOVEL FOOD FOR SPECIAL MEDICAL PURPOSES
The TEMPeReD cohort study (Chapter 5) reported many children and young people are at risk from not meeting
dietary requirements of several vitamins and minerals. Additionally, the blood concentrations of vitamins and
minerals measured in the TEMPeReD study did not reflect a similar picture as the dietary intake data, with most
children and young people having blood concentrations within normal reference ranges (see Chapter 5). As
discussed previously, the circulating pool of these vitamins and minerals may not be a true measure of status,
especially in those with disease.

In the landmark study by Golden and Golden (45), the evidence of a limiting nutrient was clearly demonstrated
through supplementation of malnourished children with zinc on the basis that a therapeutic response would
provide the best evidence for inadequacy. In a similar fashion, a time-limited trial to examine the effects of
supplementation of vitamins and minerals in a population determined to be at risk from nutritional inadequacy

was undertaken and is presented in this chapter.

8.1. INTRODUCTION

Children and young people with kidney disease are at high risk of multiple nutritional deficiencies.
Unfortunately, current nutritional practice involving the use of standard micronutrient supplements does not
adequately meet the nutritional requirements for micronutrients and trace elements in all children and young
people. The primary aim of this study is to explore acceptability and palatability of a kidney specific food for
special medicinal purposes (FSMP) —a powdered blend of vitamin and trace elements specifically formulated for
the dietary management of children and young people with kidney disease, and offers the opportunity to explore
this study as a time-limited trial of such supplementation.

Healthy children are at risk from not meeting their dietary requirements of micronutrients. For example, >10% of
children aged 4-10 years receive less than LRNI for vitamin A and zinc, and in children aged 11-18 years 22%
and 35% receive less than LRNI for zinc and selenium, respectively (295). This highlights the potential of
nutritional risk before any dietary restrictions are prescribed, and may potentially be further compounded by

selective toddler food fads and teenage ‘junk’ diets.

The care of CYP with kidney disease involves scrupulous attention to detail in the child’s nutrition and then
manipulation of nutrition, through placement of multiple dietary restrictions and the addition of supplemental
nutrition. Dietary restriction, although potentially life-saving in its ability to control electrolyte derangement, for
example, has unintended consequences, including the elimination of foodstuffs high in vitamins and minerals

resulting in children being at increased risk of not meeting their dietary intake requirements.

Therefore, it is reasonable to predict that those children with CKD with a potentially more restrictive dietary
pattern are at risk from nutritional inadequacy, by not meeting their recommended dietary intake of
micronutrients. There is existing literature in support of this, (discussed previously) reporting lower dietary
intakes of small paediatric CKD cohorts.

Current practice aims to use nutritional products designed specifically for children with kidney disease to meet

the child’s possible nutritional deficits identified by reported dietary intakes. In the absence of specialist
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products, standard formulations are used, with the kidney dietitian where possible choosing the lowest content
option of the particular nutrient(s) of concern. This may result in excess of other nutrients. In practice, clinical
guidelines recommend that for most micronutrients 100% of the RNI should be achieved for children with CKD
(2), which may be facilitated by supplementation. Local audits and annual reviews highlight challenges in

achieving this on a day-to-day basis.

At present there is no nutritionally complete FSMP specifically formulated for the dietary management of
children with kidney disease. A selection of micronutrient supplements currently available in the UK are
described in Table 33. As highlighted in the table, the majority of products do not supply a balanced supply of
micronutrients, or supply a level adequate to meet RNI or equivalent. The micronutrient and trace element
supplements have been developed for the requirements of the general (otherwise healthy) population; including
those available ‘over-the-counter’, are developed for those without kidney disease. This is important to note as
they contain vitamin A, the blood concentration of which has been shown to be elevated CKD. The preparations
of supplements that have been developed for the kidney disease population consist of water-soluble vitamins
only, and were originally designed for adults receiving dialysis. This reflects the evidence that dialysis increases
water-soluble vitamin loss, that associated increased requirements may be difficult to meet through diet alone
(contributed to by the dietary restriction of foodstuffs that are high in potassium and phosphate which tend to be
present in water-soluble vitamin-rich foodstuffs), and the guidance to supplement with water-soluble vitamins in
those in receipt of dialysis (2). Unfortunately, the evidence for this is largely expert opinion with extrapolation
from adult studies. The formulation of such products is intended to ensure that the nutritional needs of the child
are met, although the extent to which the combined diet and nutritional FSMP are sufficient to meet the demands

of the child will vary.

Furthermore, on nutritional assessment it is anecdotally reported that nutrients such as selenium are less than
RNI / LRNL.

In response to the recognition of this unmet clinical need the national Paediatric Renal Interest Nutrition Group
(PRING) requested the development of a novel formulation of vitamins, minerals and trace elements to address
the specific nutrient considerations in the dietary management of children with kidney disease. PRING
approached industrial partners to assist. An industrial partner was identified (Vitaflo®) and collaboration between
the national group undertaken to develop a FSMP to meet this need, based on the evidence available and expert

opinion.

Due to limitations in dietary assessment techniques, it is not possible to determine with certainty the extent to
which micronutrient requirements specific to children with kidney disease are or are not met. That is, the intake
of infrequently taken micronutrients are unlikely to be adequately characterised by limited dietary intake tools
such as 3-day 24-hour dietary recall. One pragmatic approach is to perform a time-limited trial of treatment
directed at addressing those nutrients that are likely to be limiting, based on expert opinion. For this to be
undertaken, predefined outcomes must be defined. The six questions (four primary and two secondary questions)

to be asked to explore this FSMP, and their justifications, are discussed below:
Question one, is the formulation acceptable and palatable to the population?
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It is important to determine acceptability and palatability, as even if formulations are effective, to determine if
this patient group (children with kidney disease) would find the formulation unpalatable and refuse to take the
product. If the latter is evident, any intended benefit will not occur and the product would not be used. In
children with kidney disease, there are several reasons why such a formulation may not be palatable/acceptable.
For example: like food, nutrients exist as complexes, often in small amounts compared to the volume of food,;
minerals have a metallic taste that some (especially children) may find unpalatable; and the addition of
supplements with large number of solutes may cause osmotic effects within the gastrointestinal tract that cause
side-effects such as delayed gastric emptying, and nausea. The latter are symptoms that children with CKD often
report (88).

Question two, is the formulation safe to take?

Nutrient powders are formulated to ensure total nutrient intake is within the usual range of dietary intake. Any
medical intervention, including nutritional support must assess the detrimental effects, and report Adverse

Events (AE) throughout the study period.

Question three, if consumed to the recommended dose, does the formulation in addition to basal diet ensure that

intake is greater than RNI (or equivalent) but below recommended upper intake levels?

The ability of the formulation to fulfil its primary aim should be assessed, despite being developed with the aim
to ensure adequate (>RNI or equivalent) supply of nutrients to the patient. This is important because the dose is

not individualised in the same way that a prescription medication could be.

Question four, if consumed to dose, does the formulation correct any apparent biochemical markers of

micronutrient deficit?

It may be that at the dose provided (the primary aim is to ensure adequate intake, not to correct deficit) is

insufficient to correct micronutrient deficiencies.
Question five, Does the addition of this formulation improve overall appetite?

Appetite is adversely affected in those with CKD (296) and its multifactorial causes have been described in
Chapter 6. Appetite is also diminished in limitation of key micronutrients, such as zinc (297). Supplementation
with micronutrients has improved appetite in other diseases (micronutrient supplementation for 6 months
improved appetite in children with HIV, for example (298)). Decreased appetite in a setting of micronutrient
limitation may be beneficial is some situations in which the ongoing consumptions of macronutrients in
relatively large amounts represent a metabolic demand that is not advantageous to the body as it lacks the ability
to appropriately handle them due to limitations of essential cofactors. Supplementation of nutrients in isolation
has also been reported to increase mortality (vitamin E (264), zinc (299)). It is hypothesised that the supply of
micronutrients in a balanced way would facilitate the body to efficiently utilise the supply of macronutrients; and

be reflected in improved appetite.

Question six, Does the addition of this formulation improve quality of life?
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Markers of health are varied, but not necessarily patient-centred. In the assessment of any intervention, the aim
should be to improve the quality of life of the patient. A balance of positives that may result from treatment and
negatives as perceived by the individual must be sought. One way to assess this is to use a tool to assess health-
related quality of life (HRQoL)discussed in Chapter 7.

Therefore, the primary outcome of this study was the acceptability and palatability of a novel FSMP based on
successful completion of the trial, and questionnaire responses. Secondary outcomes were changes in nutritional
status (including blood biomarkers of micronutrient status), appetite and health-related quality of life scores
(PedsQL™) following the trial.

Aim and Objectives of the Study
The aim of this study is to evaluate the acceptability and palatability of a newly-formulated FSMP for children
with kidney disease. The study gives the additional opportunity to explore potential changes in nutritional status,

appetite and HRQoL during such a trial, although the study is not powered for this analysis
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Table 33. Currently available multivitamin preparations for children, and contribution of requirement for 10 year old boys.

Dalavit Wellkid Paediatric Ketovite Replavite and Dialyvite 800 Nephrocap Nephronex Strovite Forte Fruitivits Trial FSMP.
multivitamin Dialyvit Hill-Vite with zinc 15 Syrup
Vitamin A 1500 200 - - - - - - 400 500 -
(mcg RE) (300%) (40%) (80%) (100%)
Thiamine 1 0.7 0.8 3 15 15 15 15 5 1.2 12
(mg) (143%) (100%) (125%) (429%) (214%) (214%) (214%) (214%) (714%) (171%) (171%)
Riboflavin 1 3 17 1.7 1.7 17 5.7 1.4 14
(mg) (100%) (300%) (170%) (170%) (170%) (170%) (570%) (140%) (140%)
Niacin 20 20 20 20 33.3 15 15
(mg) (100%) (167%) (167%) (167%) (167%) (278%) (115%) (115%)
Pantothenic acid 10 10 5 10 8.3 4 47
(mg) (200%) (333%) 333%() (167%) 333%() (277%) (133%) (157%)
Vitamin B6 10 10 10 10 6.7 1.7 17
(mg) (200%) (1000%) (1000%) (1000%) (1000%) (670%) (170%) (170%)
Folic acid 1000 750 1000 800 1000 1000¥ 333 240 400
mcg (667%) (500%) (667%) (533%) (667%) (667%) (222%) (160%) (267%)
Biotin 20 510 300 300 150 300 50 112 112
(mcg) (100%) (255%) (150%) (150%) 100% (150%) (100%) (100%) (100%)
Vitamin B12 6 6 6 10 6.7 2.8 2.8
(mcg) (250%) (100%) (600%) (600%) (600%) (600%) (600%) (280%) (280%)
Ascorbic acid 50 100 60 100 60 100 40 60
(mg) (167%) (170%) (333%) (200%) (333%) (200%) (333%) (133%) (200%)
mcg (100%) (100%) (150%)
(a-TE (100%) (120%) (300%) (134%) (186%) (120%)
Vitamin K 1500 ‘ 60 30
mcg (9524%) (381%) (190%)
Iron ‘ 10 10
mg (115%) (115%)
mg (114%) (143%) (143%)
Copper 800 1000 1000
mcg (114%) (143%) (143%) (143%)
lodine ‘ 169 169
mcg (154%) (154%)
Selenium ‘ 41 60
mcg (137%) (200%)
Magnesium (mg) ‘ 201 200
(101%) (100%)
Manganese ‘ 15 15
mg (298%) (298%)
Chromium (mcg) ‘ 41 4
(1270%) (127%)
Molybdenum ‘ 68 68
(mcg) (432%) (432%)
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Table 33. Values for standard doses given (Dalavit = 0.6ml, Wellkid multivitamin liquid = 5ml,
Paediatric Dialyvit = 1 tablet; Ketovite = 3 tablets; Replavite and Hill-Vite = 1 tablet; Nephrocap = 1
caplet; Nephronex = 1 caplet or 5ml if liquid preparation; Strovite Forte Syrup = 5ml; fruitivits = 6g;
trial FSMP 6g). Abbrev.: RE — retinol equivalents. ¥ - 900 for liquid preparation. Highlighted in red
are values < RNI or equivalent (percentage of RNI or equivalent in parentheses). Orange boxes
highlight nutrients that exceed the upper recommended intake for a 10 year-old boy with CKD, i.e., no
more than 100% RNI of vitamin A. Where needed, based on 50th centile weight (31.5kg) and intake of
EAR for energy (1970kcal/d) and recommended intake for PUFA (i.e., 5mg/d vitamin E). Vitamin A has
not been coded as ‘low’ due to concern of accumulation in CKD. As shown, the only supplement that
offers an adequate micronutrient supplement without supplementation of vitamin A is the trial FSMP.
Although vitamin A intake is lower than recommended levels, vitamin D is measured and supplemented
independently as part of usual clinical care. Abbreviations: CKD — chronic kidney disease; FSMP —
food for special medical purposes.



8.2.  METHODS

This interventional study was a phase 2a, first in-human, single-centre, open-label study. The novel FSMP was
not considered an Investigational Medicinal Product (IMP), but a Food for Special Medicinal Purposes (FSMP)
and therefore not subject to the same processes that an IMP would be. Details of what constitutes a FSMP are

located in Appendix 11.12.

Patients were recruited as outlined in the cross-sectional observation study (TEMPeReD study) in Chapter 5.

This was used as screening for inclusion for this interventional study.

A priori inclusion criteria for the interventional study were: recruitment for nutritional characterisation to the
TEMPeReD cross-sectional study; in receipt of <80% RNI for more than 2 micronutrients on 24-hour recall
dietary assessment (this is concordant with current dietetic practice of those deemed “at risk of inadequacy’), or 2
micronutrients and have at least one micronutrient blood biomarker low; and consent to continue in the study for

the interventional element.

These criteria were decided based on current clinical practice of decision-making as to whether to initiate
nutritional support [Southampton Children’s Hospital clinical guidelines]. 80% of RNI is used clinically as
individuals tend to under-report dietary intake [Southampton Children’s Hospital clinical guidelines]. The
nutrients vitamin A, potassium and phosphate were not included as nutrients that determined eligibility as they
are often restricted in the diet in those with CKD. Dietary intake of vitamin D or serum vitamin D status were
also not included as vitamin D is supplemented and monitored independently with vitamin D being primarily
supplied via exposure to sunlight (and/or supplementation) and not from the diet. Vitamin K intake was not used

for inclusion due to its primary supply via the gastrointestinal microbiome and not through the diet.
Those that did not want to participate in the interventional study received usual nutritional care.

The target for enrolment into the interventional study was 15 participants. This was the number suggested by the
Advisory Committee on Borderline Substances for the assessment of acceptability and palatability of FSMP
products (300). Ethical approval was obtained for a maximum of 18 participants to be enrolled, to allow for

drop-out through the study period.

The FSMP was formulated following discussions between an industrial partner Vitaflo® and the national group
of specialist renal dietitians (PRING). This was prior to this study’s development and took a number of years and
formulation versions. PRING is a national working group of specialist paediatric kidney dietitians that have
representation from all the paediatric nephrology centres in the UK. The FSMP formulation was determined
based upon existing evidence and guidance (based largely on the KDOQI guidelines), and expert opinion
through a modified Delphi approach of gathering expert opinion through a series of questions posed to the panel.
The formulation was determined to be nutritionally complete, but lacking micronutrients that tend to accumulate
in kidney disease, such as vitamin A, or regularly require dietary restriction, for example sodium, potassium and

phosphate. The nutritional composition of the trial FSMP is shown in Table 33 in the final column.

Dose of the FSMP
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All children were given a standard dose of six grams (one sachet) to be mixed with water as per the
manufacturer’s guidance. This was the manufacturer and PRING consensus. No other changes to the diet were
made, although there was no control over dietary intake of the cohort as free-living children no other nutritional
interventions were made. The 6g of the FSMP was dissolved in 60ml water, and advised to be taken with food

(as per manufacturer).

Outcomes Measures

Safety

Safety was assessed by physical examination, adverse events (AEs) — categorised by the Medical Dictionary for
Regulatory Activities code, and laboratory tests. The severity of AEs was classified by the investigator as mild,
moderate or severe. Laboratory tests included kidney function, and blood concentrations of vitamins and

minerals.

Assessment of Acceptability and Palatability

Families were asked to complete a contemporaneous record and questionnaire regarding the trial FSMP that
included details of the volume of the FSMP taken, any symptoms, and thoughts regarding palatability of the
FSMP. The questionnaire was composed of tick-boxes, Likert scale questions and free text (see Appendix 11.9).
This was based on a standard acceptability and palatability questionnaire proforma used for other studies. Free-
text comments were assessed using a recognised framework for qualitative analysis (301) through their collation
and grouped into themes in order to draw broader conclusions. Themes provide an accurate reflection of the

content of the responders’ feedback.

Assessment of Changes in Nutritional Assessment, Appetite and HRQoL

Nutritional assessment (anthropometry and biochemical markers of micronutrient) along with assessment of
appetite through the ModSNAQ questionnaire (see Chapter 7 and HRQoL (PedsQL ™) were assessed at baseline
(time of participation in the cross-sectional study) and repeated 90-days following commencement of taking the
FSMP. This timeframe was agreed upon as a timeframe at which stores of any micronutrients would be
replenished, represented an amount of time that measures of acceptability and palatability could be achieved —

having placed the FMSP into routine daily life-, and that change in growth may begin to declare themselves.

Statistical Analysis

Data were analysed using SPSS version 20 for Windows (SPSS Inc., Chicago, lllinois, United States of
America). Statistical significance was defined as a p-value <0.05. Descriptive statistical analysis was performed;
including percentages of those receiving dialysis. Differences between mean values were assessed by paired t-
test, and medians by Wilcoxon-signed Rank test.

The study was approved by a Health Research Authority South East — Surrey Research Ethics Committee (REC
Reference: 16/L0O/0041). Informed consent was obtained from all individuals included in the study, with

informed consent obtained from care-givers and informed assent as appropriate.
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8.3. RESULTS
47 children out of the 60 screened by the cross-sectional study were deemed eligible for invitation to participate
in the interventional study on a first-come, first-served basis. All children that were approached to participate in

the interventional study agreed to take part.

The interventional cohort consisted of 18 children (the maximum allowed from the ethical approvals for the
study). There was a skew in boys compared to girls (88.9% versus 11.1%). The cohort were shorter, lighter, but
heavier-for-their-height than healthy control data with median SDS being height = -1.34; weight = -0.48, and
BMI = 0.49 with 27.8% having height <-1.88 SDS.

Children were at risk from not meeting their dietary requirements, with a mean of 9.94 nutrients being less than
80% of RNI or equivalent (range 3-19), and a mean of 4.56 nutrients being less than LRNI (range: 0 - 12).

Supply of Nutrients

As shown in Figures 40 and 41, analysis of the dietary intake of the group demonstrated a high prevalence of
nutrient intake below 80% RNI and less than the LRNI. The addition of the FSMP to the intake of these
participants greatly increased the intake of nutrients, and decreased the number of children identified as
receiving intakes < 80% RNI (Figure 42). With supplementation with the FSMP, no child had intakes greater
than recommended upper intakes. Although total (diet and FSMP) intake was for some nutrients many times the
RNI or equivalent this was still within acceptable intakes. Noteworthy is Biotin where intake seems very high
on review of the data. The intake has been expressed as a percentage of the lower end of the ‘safe intake’ (no
RNI has been set) at 5mcg/d, but the stated range is from 5mcg/d to 200mcg/d (47), and if the higher value is

used then the mean additional intake of biotin contributed by the FSMP is 56% of requirement.
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Figure 39. Dietary Intake of nutrients of the participants eligible to be enrolled into the interventional
study — mean dietary intake of nutrients.

Mean and standard deviation of the dietary intake, with 80% RNI marked by the red dotted line. There
are a significant number of children with dietary intake only below 80% RNI (the clinical cut-off for
dietary intervention).
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Figure 40. Dietary intake of nutrients of the participants eligible to be enrolled into the interventional

study — percentage of children with dietary intake below 80% of RNI.

The percentage of children with inadequate intake (<80% RNI). There are a significant number of

children with dietary intake below 80% RNI (the clinical cut-off for dietary intervention).
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Figure 41. Dietary Intake of nutrients of the participants eligible to be enrolled into the interventional
study — Percentage of children with intake < LRNI.

There are a number of children with dietary intake below the LRNI where individual inadequacy is
likely. Six nutrients are not shown in graph (C) as there is no LRNI for these nutrients.
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Figure 42. Intake (diet and trial FSMP) of nutrients of the participants eligible to be enrolled into the interventional study.

Graph (A) reports mean and SD intake (from diet and the FSMP), with 80% RNI marked by the red dotted line. Dietary intake is depicted as black bars and intake
from the FSMP is represented by the hashed bars. Graph (B) reports the percentage of children with inadequate intake (<80% RNI1). No children had intakes that were
greater than the recommended upper intakes with supplementation.
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Figure 43. Consort diagram for the Interventional FSMP Study.

Sixty children were initially screened through the cross-sectional observation study, with 18 children
recruited. There was a high loss of children from the study (61% loss) with only 7 children completing
the study.

8.3.1. Reported Symptoms / Adverse Events During the Trial

A total of 14 adverse events (AE) were reported during the first week. After this period, no other AE were
reported. Gastrointestinal symptoms were common during the study, and were cited as reasons for cessation of
the FSMP. Families completed a symptom diary for the first week of the study. If reporting a symptom,
responders were asked if such symptoms were unusual for the child; only unusual symptoms are presented in the
table below. No non-gastrointestinal AEs were reported during the study period. All AEs were assessed as mild

in severity. There were no Serious Adverse Events (SAE) reported throughout the study period.
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Table 34. Reported Unusual Symptoms during the first week of taking the FMSP.

Day 112|3|4|5|6]|7

Nausea/vomiting | 1 |2 |10 (0|10

Loose Stool 0/2|0|0[3]1]|0

Abdominalpain |0 | 1100|001

Reporting of gastrointestinal symptoms unusual for the child or young person showed that a number of
children suffered these. Although such gastrointestinal symptoms were not uncommon in the group as a
whole, caregivers felt that the FSMP may be a contributing factor.

8.3.2. Acceptability and Palatability Results

The reasons given by families for not continuing with taking the FSMP were grouped into themes. The first
theme is that the 60ml minimal volume was considered a significant volume if a child was fluid restricted; one of
the children was restricted to less than 200ml/day of free-fluids. These families felt that they needed to prioritise
other fluids above the FSMP. Drinks were seen as something that children looked forward to in this situation,

and felt that the FSMP did not taste ‘nice enough’ to be enjoyable; but considered a medication.

The second theme, which children who stopped the study over the first month reported, was a combination of
unpalatable taste of the product with a rise of gastrointestinal symptoms including nausea, vomiting, abdominal
cramps and loose stool. Some of these symptoms are known to occur in the cohort, but families felt that the
FSMP may be exacerbating them, or for example that the poor taste precipitated nausea, or lowered the threshold

for vomiting in the child.

The third theme was that upon completion of the first stage of the study, and completing the acceptability and
palatability questionnaire at day 28, that families did not wish to continue for the full 90-day study. Reasons
included poor taste, and the child refusing to take the FMSP.

The final theme was upon conclusion of the study at day 90. Of the remaining seven children, a single family

wanted to continue taking the FSMP, and wanted to have a different formulation of the product.
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Figure 44. Kaplan-Meier plot of drop-out from the FSMP interventional study.

Themes of families’ reasons for not continuing with the FSMP are annotated along the course of plot.
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8.3.3. Themes from the Family Questionnaires Regarding the FSMP

A number of themes emerged from the comments offered by families completing the acceptability and
palatability questionnaire. These are listed below, and although the majority of comments were negative or
recommendations for changes, families emphasised the importance of nutrition and vitamin preparations. A table
of the written comments grouped as ‘positive comments’, ‘negative comments’, ‘reasons for not taking the

product’ and ‘suggested improvements’ is shown in Appendix 11.13.

Table 35. Themes of Comments from the Acceptability and Palatability Questionnaire.

e Peace of mind that a multivitamin can afford, especially in a child with a chronic disease, with
nutritional problems, in whom ‘over-the-counter’ multivitamins are not suitable;

e [The FSMP] took too long to dissolve in the water, and sediment was often left at the bottom of the
container;

e Poor taste;

e Preference for the formulation to be a tablet, rather than the effervescent powder.

8.3.3.1. Likert Scale Questions Results

Families completed an acceptability and palatability questionnaire at the end of the initial 28 day trial period
(Appendix 11.9). A summary of the Likert scale responses are in the table below. Of the questions examining the
product characteristics, only ‘Taste’ had a skew towards one arm of the scale; with 85.7% of responders

answering “Really Dislike”.
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Figure 45. Summary of Likert scale responses to families’ views of the FSMP characteristics from the day
28 acceptability and palatability questionnaires.

8.3.4. Assessment of Changes in Nutritional Assessment, Appetite and HRQoL
Variables measured at baseline and visit 2 (90 days later) are displayed in Tables 36 and 39, and Figure 46.
There were no overt deficiencies detected on measurement of blood nutrient concentrations at baseline.

Magnesium and copper concentrations were lower following the trial, and selenium concentrations higher. These
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differences did not remain statistically significant following Bonferroni-correction. No other differences were

found; including in appetite score.

Table 36. Comparison of Blood Nutrient Concentrations Pre-and Post-trial of FSMP (n=7).

Bloods Results
mean (£SD) or median (xIQR) if non-parametric data

Baseline Visit 2 P-value
Sodium (mmol/l) 137.29 (+2.29) 136.86 (+1.21) 0.448
Potassium (mmol/l) 4,17 (£0.72) 4.07 (£0.50) 0.606
cCalcium (mmol/l) 2.41 (x0.10) 2.37 (x0.08) 0.231
Magnesium (mmol/I) 0.90 (+0.14) 0.80 (+0.09) 0.031*
Phosphate (mmol/l) # 1.29 (+0.77) 1.39 (+0.29) 0.063
Ferritin (ug/l) # 55.00 (+154.00) | 50.00 (+205.00) 0.398
Haemoglobin (g/l) 127.29 (¥19.61) | 120.29 (+28.55) 0.247
Vitamin B12 (ng/l)# | 554.00 (+202.00) | 489.00 (+277.00) | 0.612
Folate (ng/ml) © 17.50 25.00 -
Vitamin D (nmol/l) ¥ | 76.00 (£74.00) 81.00 (+44.00) 0.612
Vitamin A (umol/l) ¢ 2.20 (x£1.90) 2.10 (x2.50) 0.172
Vitamin E (umol/l) 28.59 (+4.45) 31.14 (x¥7.79) 0.215
Copper (umol/l) 20.86 (+3.48) 17.29 (£3.41) 0.005*
Selenium (umol/1) 1.00 (+0.21) 1.16 (+0.25) 0.014*
Zinc (umol/l) 14.34 (£2.41) 14.37 (£2.19) 0.973
Vitamin C (pmol/l) # 46.50 (+55.60) 47.70 (£41.50) 0.499
Manganese (nmol/l) 165.2 (£69.77) | 209.80 (+102.44) | 0.262
Vitamin B6 (nmol/l) f | 78.90 (+110.40) | 142.25(+197.45) | 0.463

Abbreviations: SD — standard deviation; IQR — interquartile range. *Statistical significance,; p<0.05. % -
non-parametric, mean and IQR reported, and difference compared with Wilcoxon Signed Rank Test. O
- Folate values once >25ng/ml are not expressed as integers; median reported.

All participants that completed the trial period (n=7) had repeated blood measurements which demonstrated an
increase in selenium concentrations for all individuals, although with variation in the increment. Figure 46 below

depicts selenium concentrations at baseline and then follow-up (visit 2, day 90).
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Figure 46. Pre- and Post-study Plasma Selenium Concentrations.

Plasma selenium concentrations increased for all participants, although the degree of change was
variable and not seemingly related to the baseline (visit 1) selenium concentration. Mean concentration
on visit 1 was 1 1umol/l (SD+0.21) and at visit 2 was 1.16umol/l (SD+0.25). The difference between the
two time points was statistically significant (p=0.014).
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Table 37. Comparison of Anthropometry, appetite, and HRQol Pre-and Post-trial of FSMP.

*Statistical significance; p<0.05. Abbreviations: BMISDS — body-mass index standard deviation score;

Baseline Visit 2 P-value
mean(xSD) mean (£SD)
Anthropometry
HtSDS -2.14 (£1.23) | -2.08 (£1.29) 0.360
WiSDS -1.32 (£1.37) | -1.37 (£1.29) 0.652
BMISDS 0.01 (x1.29) -0.09 (£1.16) 0.546
MUAC (cm) 21.89 (£6.20) | 21.97 (+4.69) 0.954
Appetite
ModSNAQ Score | 18.71(#¥4.11) | 20.00(x5.06) | 0.718
PedsQL ™ Scores

Child (self-rater):

Physical Domain 62.06 (£20.12) | 54.69 (+23.61) | 0.922
Emotional Domain 70.00 (£27.16) | 68.50 (+21.77) | 0.842
Social Domain 64.17 (£28.53) | 69.00 (+11.94) | 0.667
School Domain 66.00 (£21.04) | 56.00 (+16.73) | 0.275
Total Child (self-rater) Score | 65.57 (£22.95 | 63.61 (+13.90 0.795
Parent-Proxy:

Physical Domain 60.00 (+25.33) | 70.00 (+26.20) | 0.008*
Emotional Domain 63.50 (£25.35) | 59.00 (£14.32) | 0.637
Social Domain 63.00 (£26.36) | 60.63 (+24.69) | 0.736
School Domain 65.00 (£8.66) | 57.00 (£19.87) | 0.347
Total Parent-Proxy Score 62.31 (£18.46) | 63.48 (x17.81) | 0.752

HtSDS — height standard deviation score; WtSDS — weight standard deviation score.
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8.4. DISCUSSION

This chapter reports the findings of a small interventional trial examining the use of a novel FSMP as a balanced
micronutrient supplement on a time-limited trial format. The main findings are that acceptability and palatability
of the FSMP was poor with a high ‘drop-out’ rate and poor satisfaction; especially with regards to the taste
profile.

8.4.1. Acceptability and Palatability of the FSMP
The evaluation of acceptability and palatability of medicinal formulations is essential. It can have a significant
impact on the adherence to therapeutic regimens, and therefore clinical outcomes (302), and is highlighted in

development guidance by the European Medicines Agency (EMA) (303).

Acceptability (defined as ‘an overall ability of the patient and caregiver to use a medicinal product as intended”)
(304), and palatability (defined as, ‘the overall appreciation of a (often oral) medicine by organoleptic properties
such as vision (appearance), smell, taste, aftertaste and mouth feel (e.g. texture, cooling, heating, trigeminal
response), and possibly also sound (auditory clues)’) (304) are subjective and must therefore be assessed in such
ways to allow users to describe their experiences, but for overall interpretation of the group qualitative
evaluation is more difficult to interpret, therefore a mixed methods approach was used to evaluate the FSMP;

including calculation of drop-out rate.

There was a significant drop-out of children in the study with 61% failing to continue the study longer than a
month, and only one participant electing to continue using the supplement following cessation of the study when
all were given the option. Taste was a big influence of acceptability of the product, being highlighted on both the

free text element of the evaluation and in the post-trial questionnaire Likert scale rating of the FSMP’s taste.

A preparation of powder that dissolved into a ‘drink” was formulated due to the industrial partner’s previous
experience with similar products and quoted additional costs for different preparations to the manufacturer, and
the suggestion that a liquid may be better tolerated in the paediatric population where swallowing tablet
preparations can be challenging. In this cohort, participants suggested that a tablet preparation would be
preferable. This might be due to the high pill burden placed on children with CKD, who are ‘used to’ taking

tablets compared to other groups who have difficulty due to lack of need to take tablets (305).

Granule preparations of minerals (iron) and other medications have been shown to be better tolerated than liquid
preparations in the paediatric population (306, 307), and so development of a granule preparation may be better
tolerated. In agreement with suggested improvements made by the cohort, Mistry et al reviewed the acceptability
of paediatric medications and found that when compared to liquid preparations, other formulations were
preferred (308).

Development of a different formulation; including different taste profiles may make such a FSMP more
acceptable and palatable. The addition of different flavourings/sweeteners may better disguise the minerals
contained within.

Although based on a similar product (Fruitivits®, see Table 33), this product was evaluated in a cohort of
children aged 4 - 8years on a ketogenic diet for control of epilepsy (and therefore on a restricted diet) (Details of

this study: https://clinicaltrials.gov/ct2/show/NCT02229318). This population is very different from the cohort
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evaluated in the study presented here, and the evaluation was only for 7 days, substituting an already prescribed
micronutrient supplement. The lack of acceptability and tolerability here therefore offers a learning point in

product development as to the differences in patient groups.

Children with CKD offer a unique challenge for FSMP as they have altered taste (309, 310), and increased
prevalence of nausea and vomiting (1). Additionally, many already have a high medication burden, and the

addition of other “medications”; including nutritional support, may make unacceptability more likely (311).

An alternative explanation for the poor acceptability of the FSMP is that the participants’ taste is altered due to a
physiological protective mechanism to avoid the ingestion of certain vitamins and minerals whilst in a state
where their bodies are unable to cope with the metabolic and / or biochemical demands of its ingestion.
Unfortunately, this study was unable to explore the possibility of this, but one way would be to offer different
preparations of FMSP with different amounts of vitamins and minerals and examine the pathways by which each

of the micronutrients are handled by the body.

8.4.2. Safety

There were a number of AE reported during the study period, these were solely gastrointestinal symptoms;
including nausea and vomiting. In view of the poor taste profile of the product nausea, and vomiting would be
more likely. As the AEs were only reported during the first week, this is likely due to drop-out from the study of
those participants that suffered from AE, with only those that did not suffer AEs continuing. All the AEs were
minor in severity. There were no SAEs, and this is expected for a FSMP and low-risk for such trials. In view of
the low risk of the product, these AE/SAE data and the lack of derangement of biological markers measured, it is
likely that the FSMP is safe.

In the development of nutritional products, one factor that may increase gastrointestinal side-effects is the
osmolality of the product. Hypertonic formulations can result in fluid-shifts and resulting nausea, vomiting,
bloating and diarrhoea. Most formula feeds have an osmolality of 250-800mOsmol/l. The osmolality of the
FSMP once made up to 60ml is 280mOsmol/l, and therefore not hypertonic (defined as >300mOsm/I), although
the osmolality would have been greater if the FMSP was made up in less water (possibly due to trying to limit

the volume for fluid allowance or taste reasons), although this was not reported by participants.

8.4.3. Nutrient Intake

With the assumption that nutritional intake from diet was unchanged, then total intake of micronutrients
contained with the FSMP was increased throughout the trial-period, and decreased the number of children at risk
of inadequacy as assessed by total nutrient intake below 80% RNI or equivalent. The trial did not examine total
intake throughout the trial period, but no other dietary intervention was made - families were not advised to
change their diet in any way except for the addition of the FSMP; changes may have occurred both prompted by
the nutritional assessment that was integral to the study, and due to the seasonality of foodstuffs. With a three-
month period between start and finish of the trial, foods exposed to the families may have changed, influencing
intake. Although the greatest impact on total intake of the nutrients is likely to be the addition of the FSMP.
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8.4.4. Assessment of Changes in Nutritional Assessment, Appetite and HRQoL

Although the primary purpose of the study was to evaluate the acceptability and palatability of the FSMP, there
was an opportunity to explore nutritional status changes in the cohort. This is especially important in the context
of clinical assessment, monitoring and outcome markers. One reason why little difference was observed between
the two time points is the size of the exposed cohort, and as stated a priori, the study was not powered to detect

such changes. Observational studies are required to capture this daily information clinically.

8.45. Blood Micronutrient Concentrations

Plasma magnesium and copper were lower following the trial; selenium was higher, although none remained
statistically significant following Bonferroni-correction for multiple comparisons (p=0.744; p=0.120; p=0.336,
respectively). It is not surprising that supplementation in this population did not produce a significant change in
biochemical values as their measurements mostly lay in the normal reference range at baseline. In those that
completed the trial period of 90 days, little change was observed in the biochemical measures. Magnesium and
copper levels were lower following the trial. This may be due to biological variation, but better nutritional
control may result in lower levels due to limitation of some biological functions that have now become available.
They may also be affected by the pro-inflammatory state, although no change in CRP, albumin or zinc was
demonstrated. There may have also been competition between nutrients for absorption mechanisms, such as the
divalent cation transport. High amounts of supplemental zinc have been demonstrated to decrease copper
absorption, and is thought to be due to upregulation of the metal chelating protein metallothionein in intestinal
cells. Metallothionein has a higher affinity for copper than zinc, copper is then ‘locked’ into these cells that are

sloughed into the gastrointestinal lumen and lost in faeces, resulting in increased copper loss (312, 313).

Folate and selenium levels were higher following the trial, and these may be true results of improved nutrition. It
is known that the selenium intake of the UK population is poor (76), and hence supplementation may improve

this, as 47.8% of the cohort had a selenium intake of less than 80% of RNI upon baseline assessment.

8.4.6. Anthropometry

As demonstrated in the baseline anthropometric data of the entire cohort, most anthropometric measures lay
within the normal reference range of -2 to +2 SDS, the exception being height SDS. There was no difference in
anthropometry measurements between time points. This is not surprising due to: 1. growth being multifactorial
and; 2. the supplementation period being relatively short; and 3. there was no change in blood markers of
micronutrients. As markers of nutritional deficit, height SDS represents a longer-term nutritional status
compared to weight SDS, and BMI SDS scores. As the children’s BMI are not low, then it may be assumed that
any acute nutritional deficit may have been corrected, and as such biochemical measures would more likely be
normal also as a correction of the circulating pool of nutrients would occur sooner than in other nutritional status

markers such as weight, and weight SDS would increase faster than height SDS.

8.4.7. Appetite

There was no difference in appetite scores between time points. With no alterations in blood biomarkers, this
may be expected. In addition, the poor taste profile of the supplement may have a negative impact on the appetite
of the child that masked any improvement due to micronutrient status improvement. Other studies evaluating
micronutrient supplementation over similar timeframes in children with malnutrition in less economically
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developed countries found similar lack of appetite increase (314). No children in the analysis had baseline zinc
levels below the normal reference range, and this specific micronutrient-appetite association was not seen as zinc

supplementation may only be beneficial to improve appetite in those with zinc deficiency (297, 315).

8.4.8.  Health-Related Quality of Life (PedsQL™ Scores)

The only statistically different result was parent-proxy physical scores, and this did not remain after Bonferroni-
adjustment of multiple comparisons (p=0.192). The parental opinion of their child’s physical ability may have
been scored higher following the trial in the awareness that the child was taking a supplement that they
associated with “better health”. HRQoL scores were not lower despite the addition of an additional
“medication”, although medication burden has been reported to negatively impact HRQoL (316). As previously

stated, possible lack of observed difference between time-points may be due to sample size number.

8.4.9. The Novel FSMP

The determination of the nutrient content of FSMP was not clearly evidence-based, and developed through
discussions between members of PRING. It was mostly based on the recommended intakes of healthy
individuals, with additional expert knowledge such as the knowledge taken from dietary recalls and nutrient
assessment as part of routine clinical practice. For example: selenium intake is often reported as low. The
decision-making, and evidence that have led to the specific make-up of the product are not available, and in-view
of the lack of available literature in micronutrient requirements was based largely on this expert opinion. This
methodology has clear flaws with the inability to clearly justify the composition of the supplement, and a lack of
a structured framework by which the composition was determined. Although offering a product for which there
is a clear need, a greater evidence-base is needed in order to be sure that such supplementation is appropriate.
Although there is no evidence that such supplementation is harmful, it does represent an additional medication-
burden for families, and could represent a significant cost to healthcare systems if extended to all CKD patients.
The feedback from families was that the burden that this represented was out-weighed by the security of supply

of the micronutrients.

8.4.10. Limitations

There are many limitations to this study. The study is of a small cohort number of children who completed the
study, increasing likelihood of type 2 error in identifying changes in measures. Additionally, although
statistically correcting for multiple comparisons through applying a Bonferroni-correction may be helping in
controlling for type 1 errors, it may risk losing identification of important changes that warrant further

exploration although needed replication in large cohorts.

The primary outcome was the acceptability and palatability of the FSMP, and the study was not powered to find
differences in the variables in micronutrient status, anthropometry, appetite, and HRQoL. Dietary intake was not
assessed during the intervention period of the study. Therefore, any changes observed (or lack of changes) may
be due to changes in dietary intake, not the supplementation. For example, families may have felt secure in the
knowledge of their child receiving a nutritionally complete supplement, and placed less emphasis on the
diversity of foods consumed or that the delivery of given micronutrients altered the tastes for other foodstuffs.
Ideally, the trial of supplementation should be able to control for dietary intake. Without complete control of
dietary intake (for example, as part of a prolonged residential stay within a research study), such evaluation of
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diet is limited to the previously discussed dietary assessment methods and their own limitations — especially with
regards to the accurate representation of infrequently taken nutrients. This highlights one of the many difficulties

with nutrition research.

Markers of growth including height SDS may require a longer intervention time to begin to detect positive
changes. Markers of vitamin and mineral status are not only influenced by the status of that nutrient, but many
other factors, including inflammation. | propose that time-limited trials of supplementation are the most sensitive
marker for inadequacy of a given nutrient, but require significant time, and assume adequacy of other nutrients
which is unlikely in a malnourished individual — as suggested by these data in which children tended to have
assessments indicating inadequate intake of multiple nutrients rather isolated inadequacies. Each nutrient has
different handling within the body therefore time to repletion and depletion might be different for each nutrient

and individual child, including different phenotypes of CKD.

However, the purpose of the FSMP was to facilitate the supply of micronutrients in a population who have a

likely inadequate intake through diet alone, and the FSMP seems to offer this.

The a priori inclusion criterion of being in receipt of <80% RNI for more than 2 micronutrients on 24-hour
recall dietary assessment has significant criticism. A single 24-hour recall alone is unlikely to truly reflect dietary
intake; whilst this reflects current clinical practice, dietary intake of micronutrients, for example, is more
sporadic and longer periods of assessment are needed to more accurately predict true intake. Although a single
24-hour recall is used in clinical practice, it is recommended to perform at least three 24-hour recalls (2),
although even this is unlikely to predict true intake of most micronutrients especially for older children or 3-4
day diet diaries for younger children (317). The cut-off of 80% of RNI although justified by clinical practice
guidelines (national PRING guidance) to take into account under-reporting and additional lenience so that over-
identification of dietary inadequacy is less likely to occur. This value is not based upon clear evidence, but has
been agreed upon as a ‘pragmatic’ method clinically. If this determination of dietary inadequacy is questionable,

it is therefore possible that none of the children suffered from true dietary inadequacy.

8.4.11.  Future Directions

There is a recognised need for a nutritionally complete micronutrient supplement that is suitable for children
with kidney disease, but the currently tested micronutrient supplement was not acceptable to the population that
it was intended for despite previous work performed by the industrial partner. It is advised that the profile of the
supplement must be altered to be more acceptable and re-evaluated within a cohort of families with CKD. This
could, in the first instance, be performed as a “focus-group” taste test as part of Patient and Public Involvement
(PPI) work in study development. Following this, larger-scale testing on improvement of nutritional outcomes is

needed in appropriately powered studies.

Further observational, long-term research is needed to determine the best way(s) to identify those at risk from
micronutrient inadequacy during the clinical life-course of kidney disease. Previous literature in healthy
individuals have stated that many days’ dietary analysis are required to accurately predict micronutrient intake

(317). Perhaps the development of a specifically-designed food frequency questionnaire would be a dietary
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assessment method that may prove more accessible and accurate in identifying those at risk within a clinical

setting.

8.4.12.  Concluding Remarks

Although the formulation of this novel FSMP almost eliminated those children at risk from micronutrient
inadequacy through the potential combined diet/supplement delivery of micronutrients, translation into clinical
practice was not possible. This was largely due to the unacceptable nature of the FSMP described by the study
population apparently due to poor taste profile and side-effects. Different formulations and preparations should

be developed and trialed, as a gap in the ability to ensure micronutrient supply remains unfilled.

8.4.13.  Practice Points

e A balanced, nutritionally complete micronutrient suitable for children and young people remains
unavailable.

e Consideration should be taken to unpalatability of supplements and other nutritional interventions as
potential protective mechanisms.

e Nutrient-nutrient interactions need to be considered. Increasing intake of one nutrient may decrease the
absorption and resultant status of other nutrients.

e However, the need to make key nutrient adjustments to help delay the progression of disease, present
further challenges here.

e Supplementation with folate and selenium increased blood concentrations. This may represent an

improvement in status and increasing intake should be considered in those at risk.
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9. IN SEARCH OF A MARKER OF DISEASE ACTIVITY
9.1. INTRODUCTION
As discussed above, the disturbed growth of children with CKD cannot be explained by nutritional inadequacy
as characterised by the methods of assessment routinely employed in the clinical setting. Although traditionally

stratified into clinical phenotypes by disease severity, a measure of disease activity may be more useful.

The pathophysiology underlying the disease process in CKD is discussed in Chapter 1 and illustrated in Figure
3. There is a need to explore how disease activity in children with CKD interacts with the known physiological
processes in order to better map the pathophysiology; including the interplay between nutrition and the disease
process. There is additional potential to use such markers clinically to both prognosticate and monitor response

to therapeutic intervention, including nutritional manipulation.

CKD is well recognised as an inflammatory state (64), that worsens with increasing disease severity (110).
Although this inflammation can be assessed through the measurement of circulating acute phase reactants and
cytokines, these markers are often non-specific; representing systemic inflammation. For example, C - reactive

protein (CRP) which is elevated in a wide range of conditions, including acute infection.

This chapter will explore the possibility of a readily accessible, nutritionally sensitive marker of this disease
activity through the application of markers to a cohort of paediatric pre-dialysis, conservatively-managed
(PDCM) CKD patients. It is hypothesised that those with poor growth would have higher disease activity as
assessed by these markers.

Red cell distribution width (RDW) has been purported to reflect inflammation in chronic disease states (111),

and erythropoiesis is intimately linked with CKD. RDW has been associated with clinical outcomes (112-114).

Neutrophil-gelatinase associated lipocalin (NGAL) is a biomarker that is showing promise for its utility in
paediatric CKD. It is proposed that elevated NGAL is caused by the underlying inflammation present in CKD;
being produced by kidney epithelial cells (122). Previous literature has demonstrated that NGAL levels in the

CKD population are correlated with disease severity (123), and is able to predict disease progression (124).
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9.2. ReD CELL DISTRIBUTION WIDTH

9.2.1. Introduction

The relevance and associations of RDW in current clinical practice have been discussed in Chapter 1. |
hypothesize that RDW is a marker of medium-term inflammation and therefore disease activity in paediatric
PDCM CKD, and that higher RDW is associated with markers of growth (height SDS, height velocity SDS),

nutritional status, and progression of kidney disease. The aim of the study was to test these hypotheses.

Aim:

The aim of this subchapter is to explore the relationship between RDW and growth and nutritional status.

Obijectives of the study are to:
® To report the RDW of a cohort of paediatric PDCM patients;
® To explore the association to RDW on the growth and nutritional status of children with PDCM CKD.

® To evaluate the predictive power of RDW with clinical outcomes of disease progression and nutritional

status.

9.2.2. Methods

Children were recruited to the TEMPeReD study as described in Chapter 5. Although not routinely reported to
the clinician, RDW is calculated as part of the full blood count of routine clinical care bloods. RDW was
measured by fluorescence flow cytometry using Sysmex XN-9000 (Sysmex UK Ltd., UK) as per usual clinical

care.

Although the TEMPeReD study included children and young people having received a kidney transplant (n=10)
and an additional four in receipt of dialysis, these were excluded from this analysis due to the potential

significant confounding of immunosuppressive drugs, and dialysis-driven inflammation.

Distribution of RDW within the pre-dialysis, conservatively-managed (PDCM) group was explored with
descriptive statistics performed, including median and interquartile range. If RDW was above or below the
normal reference range, the individual’s other data was examined for a pathological cause, such as iron-

deficiency.

There is no standardised, agreed-upon normal reference range of RDW, although quoted normal reference ranges
are similar. For this study the normal reference range used was 11.3 — 14.8%, which is consistent local pathology

references ranges.

In addition to RDW, other erythrocyte indices were reported and explored to identify those with a recognized

cause of increased RDW, and numbers of children with anaemia (Hb <120g/1) reported.

Associations were sought between RDW and measures of disease severity, inflammation, and nutritional status

were explored through correlations and comparison of tertiles.
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Finally, follow-up data gathered at 12 months following baseline visit (serum creatinine, height and weight) were
used to evaluate the predictive power of RDW for disease progression (change in eGFR), and change in
anthropometric defined nutritional status (change in HtSDS, WtSDS, and BMI SDS).

9.2.3. Results

Forty samples from the 46 children in the PDCM group had RDW available for analysis. One child had elevated
RDW (28.1%). This patient had a MCV=70.8fL (microcytosis) which was felt likely to represent iron-deficiency
anaemia and was excluded from further analysis. With this outlier excluded, RDW data remained non-
parametric, with a median RDW of 12.5% (IQR=0.70; range = 11.4 to 14.8%). RDW data were divided into
tertiles, with cut-offs of 12.30%, and 12.73%.

There were no differences in MCV, RDW, ferritin, or CRP between those that were anaemic (Hb <120g/1, n=8)
and those not (see Table 38, below).
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Figure 47. Red cell distribution in the PDCM group (n=39).

Distribution of red cell distribution width (RDW) within the Pre-dialysis, conservatively-managed
(PDCM) group. Median and interquartile range are shown. The orange dotted lines represent the
normal reference range.

181



Table 38. Red cell indices for the PDCM group, and anaemic/non-anaemic sub-groups.

. . Difference
Anaemia (Hb Non-anaemia (Hb .
Variable PD_CM group <120g/l) >120g/1) BRI ana gmla/
(n=39) (n=8) (n=31) non-anaemia;
3 3 P=value
(FS)%V}/ 12.5 (x0.7) 12.4 (x1.15) 12.5 (+0.68) 0.798
0
?’Iﬂg\g 82.81 (£5.1) 82.50 (£6.90) 82.95 (+5.13) 0.645
(T;t/)n 128.51 (= 17.00) 105.78 (£10.46) 135.33 (£12.33) 0.0001*
Ferritin
55.00 (+88.5 34.00 (x229.5 56.00 (x75.0 0.479
(o) 1 (+88.5) (+2295) (+75.0)
CRP
1(x25 0 (%3 1(x2.75 1.000
(ng/l) 1 (+2.5) (+3) (+275)

7 - non-parametric data, median and interquartile range reported. * - statistically significant difference
between anaemia and non-anaemic sub-groups. Abbreviations — CRP — c-reactive protein; Hb —
haemoglobin; MCV — mean corpuscular volume; PDCM — pre-dialysis, conservatively-managed; RDW
—red cell distribution width.

9.2.3.1.

There was no correlation between RDW and markers of disease severity: eGFR (S.rho = 0.018, p = 0.915); CKD

Association with disease severity

stage (Kruskal-Wallis test=4.027, p=0.546) and medication burden (S.rho = 0.223, p =0.172).

RDW

15.007

[
[
14007
[ ]
o
[ o
13.00 L] o 0°
L [ [ ]
e o @
® o o8
° .. ® ® ®
12007 e ¢
' L ® ®
t o
®
11.00 T T T T T T T
.00 20.00 40.00 60.00 80.00 100.00 120.00
eGFR

Figure 48. Graph of red cell distribution width versus eGFR in the PDCM group (n=39).

Red cell distribution width (RDW) was not correlated with kidney function (estimated glomerular
filtration rate, eGFR) (Spearman’s rho = 0.018, p = 0.915).
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9.2.3.2. Association with C - reactive protein

CRP is a marker of inflammation. Although there was no difference in CRP concentrations between those in the
lowest RDW tertile and those in the highest tertile (p = 0.211). There was a statistically significant correlation
between RDW and CRP (S.rho = 0.375, p = 0.022). Three children had CRP concentrations >10mg/l. These may

represent subclinical infection, and with their exclusion, correlation with RDW improved (S.rho = 0.454, p =
0.007).
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Figure 49. Plasma CRP versus RDW in PDCM group (CRP >10mg/l excluded).

There was a significant correlation between c-reactive protein (CRP, mg/l) and red cell distribution
width (RDW, %) in the pre-dialysis, conservatively-managed group. Correlation was stronger following
exclusion of those with CRP >10 mg/l, which may represent subclinical, acute infection rather than
inflammation due to chronic kidney disease. Spearman’s rho = 0.454, p = 0.007. Black line — line of
best fit; red lines — 95% confidence intervals.

9.2.33. Association with markers of nutritional status
The data demonstrated correlation between RDW and WtSDS (S.rho = -0.344, p = 0.032), and MUAC (S.rho = -

0.275, p = 0.023), but not HtSDS (S.rho = -0.260, p = 0.109), BMI SDS (S.rho = -0.275, p = 0.090), or WHtR
(S.rho =-0.129, p = 0.432).
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Figure 50. MUAC SDS versus RDW in PDCM group (n=39).

Mid upper arm circumference standardised deviation score (MUAC SDS) was negatively correlated
with red cell distribution width (RDW, %) (Spearman’s rho (S.rho) = -0.364, p = 0.023). Black line
represents the line of best fit with red lines representing 95% confidence intervals. Although weight
SDS was also negatively correlated (S.rho = -0.344, p = 0.032), Body mass index SDS and Waist-to-
height-ratio was not (S.rho = -0.275, p = 0.090; and S.rho = -0.129, p =0.432, respectively). Although
adiposity is associated with inflammation and inflammation is associated with increase in RDW, not all
markers of adiposity are correlated with RDW. It may be that the inflammation, and RDW correspond
with mid upper arm muscle mass, and increasing RDW is associated with muscle wasting and
sarcopenia in the paediatric CKD. Abbreviations: RDW — red cell distribution width; MUAC — mid
upper arm circumference; SDS — standardised deviation scores.

Although there was a trend for children in the highest RDW tertile to be shorter, have slower growth, and be
lighter-for-height, these differences were not statistically significant. There were no differences in micronutrient

concentrations between those in the lowest and those in the highest RDW tertiles (see Table 40, below).
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Table 39. Differences between those lowest and highest RDW tertiles in the PDCM group (n=39).

e (450 | i) | P
HESDS -0.65 (+1.7) -1.72 (+2.70) 0.104
WISDS -0.14(+2.09) -1.44 (+1.81) 0.126
BMISDS 0.64(1.72 -0.30 (+1.40) 0.168
L Bhe 0.73(1.09) 0.03 (+1.40) 0.130
Ht Vel SDS -0.07(+3.02) -1.67 (+1.00) 0.833
LU 0.50(x0.10 0.46 (+0.10) 0.211
gﬁggﬁq) - 17.58 (+3.73) 21.40 (£5.40) 0.056
(5;';21'/‘;;’ 1.05 (+0.20) 1.01 (0.27) 0.641
?Anfﬁg?/sll)u? 0.83 (+0.14) 0.83 (£0.21) 0.880
?r/]';n(ﬂf;llf)‘ese 149.09 (+45.80) 168.70 (+51.40) 0.367
(Zpil?rfol/l) ; 13.15 (+2.95) 13.10 (+3.48) 0.755
X:ﬁ‘g}g ?6 80.20 (+42.00) 74.50 (70.55) 0.809
'(:r?glflrtrfl) ; 10.70 (+8.70) 17,50 (+15.25) 0.080
2;271’;‘;“ 2 37050 (+212.75) | 446.00 (£705.00) | 0.740
Xl'rt;(f)fl‘/'g (13 76.85 (£60.00) 65.30 (£55.70) 0.449
EQ::LT/IB ? 27.55 (+5.33) 29.05 (8.00) 0.319
C-reactive protein (mg/1) I 0 (+1) 4 (£6) 0.211
(Sge/fll)l? ez 40,50 (+5.75) 38.50 (+4.50) 0.378

7 - non-parametric data, median and interquartile range reported, and comparison made by Mann-
Whitney U-test. Parametric data was compared using independent t-test.* - statistically significant
difference between the subgroups. There were no significant differences between the lowest and highest
red cell distribution width tertiles in the PDCM group. There was a trend for those in the higher tertile
to be shorter and lighter-for-height, with slower growth. Abbreviations: BMI SDS — body mass index
standardized deviation score; eGFR — estimated glomerular filtration rate; HtSDS — height
standardized deviation score; HtVelSDS — height velocity standardized deviation score; MUAC SDS —
mid-upper arm circumference standardized deviation score; PDCM — pre-dialysis, conservatively-
managed; RDW — red cell distribution width; SD — Standard deviation; uNGAL — urinary neutrophil
gelatinase-associated lipocalin; uPCR — urinary protein-creatinine ratio; WHtR — Waist-for-height
ratio.
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9.2.3.4. Prediction of clinical outcomes

Follow-up data at 12 months are described in Chapter 5. RDW did not show good predictive utility for
progression of kidney disease (decrease in eGFR of >10ml/min/1.73m? at 12 months: 3 children from 32
available for analysis. AUC=0.224 (C1=0.024-0.424)), or changes in anthropometric SDS (Decline of HtSDS
>0.5 at 12 months: 1/35 children. AUC = 0.691 (CI=0.528-0.854); Decline of WtSDS >0.5 at 12 months: 1/34
children. AUC = 0.227 (CI=0.083-0.371); Decline of BMISDS >0.5 at 12 months: 4/33 children. AUC = 0.297
(C1=0.091-0.504)).

9.2.4. Discussion
In this chapter, RDW for a group of paediatric PDCM CKD patients is reported, and its association with

nutritional status and clinical outcomes at 12 months explored.

The distribution of RDW reported in this cohort is similar to that of a healthy population with maximum and
minimum values within the limits of the normal reference range. RDW did not show an association with eGFR
or other markers of disease severity. Although children with more severe disease are more likely to be anaemic
for the reasons discussed above, clinical care is directed at correcting this with increased monitoring with
increasing disease severity. With erythropoietin inadequacy corrected with exogenous erythropoietin, and
correction of iron/folate, vitamin B12 deficiency that are actively investigated for in the presence of anaemia,
variation in RDW may in be more influenced by systemic inflammation. Supporting this assertion is that CRP, a
nonspecific marker of inflammation, was correlated with RDW. As highlighted in this group, the presence of
acute infection (subclinical or otherwise) may cloud the association on the individual level and in small cohorts,
such as this one. Exploration of inflammation as marked by other biomarkers, such as circulating cytokine levels
or erythrocyte sedimentation rate (ESR) may strengthen the evidence of the link between systemic inflammation
and RDW. It would be useful to evaluate markers of intra-kidney inflammation and their association with RDW
in the context of CKD.

9.24.1. Association with markers of nutritional status
It was hypothesized that poorer growth would have higher RDW. Although there was a trend observed for this to
be the case, this was not statistically significant. It may be that the sample size was not large enough to detect

this difference, as there was large variation in height velocity SDS especially.

RDW was negatively correlated with WtSDS and MUAC SDS suggesting a possible relationship between acute
nutritional state and RDW (lower WtSDS and MUAC SDS associated with greater variation in erythrocyte size),
although the correlation with BMI SDS, that adjusts for height (a marker of chronic nutritional state), was not
statistically significant. It may be that body composition changes account for this discrepancy. MUAC SDS may
be more sensitive to changes in lean body mass, specifically muscle mass and the wasting that accompanies
CKD (318). Body composition analysis, such as bioelectrical impedance analysis, may be able to explore this
possible relationship in more depth. This hypothesis is supported by data from the National Health and Nutrition
Examination Survey (NHANES) study in the USA which reported that elevated RDW was associated with
sarcopenia (defined as appendicular skeletal muscle mass divided by weight below one SD of the mean of young
adults) (319).
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The lack of relationship between RDW and the presence of anaemia may be due to the aetiology of the anaemia.
Anaemia of chronic disease can result in a normocytic or microcytic anaemia, and iron-deficiency (commonly

observed in CKD) results in a microcytic anaemia.

Iron, folate, and vitamin B12 status all potentially influence RDW as inadequacy of iron results in a
microcytosis, and inadequacies of folate and/or vitamin B12 cause a macrocytosis. If a mixed inadequacy is
present both small and large erythrocytes are present, and the RDW increases. Formal irons studies were not
performed in the cohort, but plasma folate and vitamin B12 concentrations were not correlated with RDW
(Folate: S.rho = 0.221, p = 0.224; vitamin B12: S.rh0o=0.035, p = 0.835). This may be explained by the normal
concentrations of the nutrients in the blood (no individuals were deficient) and that RDW lies within the normal
reference range. Additionally, due to the method by which RDW is calculated, a decrease in MCV is more likely
to result in an increase in RDW, but a macrocytosis does not. This is because increasing the denominator of the
equation (see calculation in Appendix 11.1) may offset the increase in the width of the curve that RDW

represents.

There was no difference in micronutrient blood concentrations and RDW, although plasma copper
concentrations were approaching significantly different. Copper inadequacy is associated with anaemia which
can be microcytic, normocytic, or macrocytic in morphology (320). Although copper intake is not assessed as
part of the NDNS in the UK, there is a high prevalence of intake of other minerals (selenium and zinc) that are
unlikely to meet requirements (< LRNI) (321).

Predictive power of RDW in the cohort

There are several explanations for why RDW did not show predictive power in this cohort. Firstly, RDW may
not have this association in paediatric CKD patients. Secondly, the lack of significance may be due to the sample
size and the short follow-up period. Hsieh et al’s retrospective cohort study in >1000 adult CKD patients
demonstrated a doubling of mortality in those with elevated RDW (>14.9%) covering a 7 year timescale (117).
The health outcomes were also different; progression of kidney disease (decline in eGFR) and decline in growth
trajectory not mortality (which is fortunately low in paediatric populations). It may be that RDW better reflects
the factors that contribute to cardiovascular disease and infection. Hsieh et al’s cohort differed in more ways than
just age. Participants had more severe disease with a mean eGFR of 22.85 ml/min/1.73m? (SD+12.69) compared
to this cohort’s 54.65 ml/min/1.73m? Children are also different from adults in many other ways; including
potential resilience of erythropoiesis to disease, that may explain the largely normal RDW measurements. An
abnormally elevated RDW may have proved predictive, but none of this cohort had elevated levels. Larger

studies are required encompassing a larger cohort, over a longer timeframe.

The advantages of using RDW as a measure of disease activity is that it is readily accessible and already
measured routinely in clinical practice, although not always reported on the clinical facing results platform and

immediately available to clinicians.

9.24.2. Limitations

Limitations of RDW include its wide number of influencing factors. Anaemia is common in CKD, and increased
RDW in an individual may purely represent iron, folate and/or B12 inadequacy. The half-life of erythrocytes is
approximately 120 days. Although this is lower in those with CKD (121), this means that for any change in
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disease activity it is likely that the RDW would not be perceptively different for several weeks. As briefly
referenced above, the calculation of RDW may be considered flawed, with asymmetrical influence of micro- and
macrocytosis. Additionally, as the variation of 1 SD is used, cells that lie outside this window are not represented
in the equation. As such, RDW is a ‘blunt’ cell population estimation, and does not characterize small
subpopulation changes. It is likely that other clinical measurements/ phenotypic observations would serve
equally well as markers at this level of erythrocyte population ‘disruption’. A fundamental limitation of RDW as
a marker of disease activity or as a nutritional risk marker is a lack of a clear mechanism by which RDW may be
understood, over and above iron, folate and vitamin B12 inadequacies and the influence of disease severity on
erythropoiesis (inadequate peritubular cell erythropoietin production, inflammation and uraemia effect on
erythroblasts) and erythrocyte lifespan (inflammation, infection and uraemic toxins) (115, 121). Rather than a
systemic marker, a kidney specific-marker is perhaps more likely to represent a marker of CKD disease activity.
Additionally, at the individual level, many factors may influence RDW that would cloud clinical decision-

making.

9.24.3. Future Directions

Future work may include evaluation of the association of clinical outcomes in paediatric CKD in a larger cohort
over a longer timeframe; and exploration of the possible relationship between RDW and muscle mass
(potentially assessed by cross-sectional imaging and/or anthropometric measures) and functionality such as

handgrip strength.

9.24.4. Concluding Remarks
RDW is a readily accessible measure but has many influencing factors that make interpretation difficult. The
potential association with muscle mass is an interesting suggestion that may be hypothesised from these data and

could be the starting point of further body composition-inflammation research.
9.2.45. Practice Points

e Although correlations are observed between RDW and MUAC that may be a reflection of body

composition, there is not enough evidence or understanding to support its use in clinical care.
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9.3.  URINARY NEUTROPHIL GELATINASE-ASSOCIATED LIPOCALIN (UNGAL)

9.3.1. Introduction

Neutrophil-gelatinase associated lipocalin (NGAL) is a biomarker that is showing promise for its utility in
paediatric acute kidney injury (AKI). NGAL may be a nutritionally-sensitive, readily accessible marker that may
reflect disease activity and/or nutritional status, as discussed in Chapter 1. There is a need to explore its

relationship in paediatric CKD.

Aim:
The aim of this subchapter is to explore the relationship between uNGAL and growth and nutritional status in a

cohort of children and young people with CKD.

Obijectives of the study:

e Report the UNGAL concentrations of a cohort of paediatric PDCM patients;

e Report the number of elevated UNGAL concentrations in the cohort as defined by the previously
defined normal references values by Bennett et al, and Rybi-Szuminska et al; and assess the agreement
of these methods;

e Test the hypothesis that those with poor growth have greater disease activity as assessed by uNGAL
concentration.

e To evaluate the predictive power of uUNGAL with clinical outcomes of disease progression and
nutritional status.

e Test the hypothesis that those with higher uUNGAL have lower micronutrient availability to the kidney.

9.3.2. Methods

Children with CKD were recruited to the TEMPeReD study as previously described. Following characterisation,
including assessment of growth by height SDS and height velocity SDS, uNGAL was measured from samples
collected at enrollment in the TEMPeReD study, the sample placed immediately on ice and then stored at -80°C
to allow for batch analysis. NGAL in urine was measured in duplicate by sandwich enzyme linked
immunosorbent assay (ELISA), (Bioporto Diagnostics and supplied by Alpha Laboratories). Urines were diluted
as required, from 1 in 50 to 1 in 5000 to achieve the final calculated reported results. The same kit lot was used

throughout the analysis.

UNGAL concentrations were expressed as both absolute concentrations (ng/ml) and adjusted for urinary
creatinine concentrations (ng/mg of creatinine). Values were compared to previously reported normal values
(128, 129). Additionally, concentrations were stratified into tertiles and comparisons made between sub-groups.

Differences in uNGAL concentrations were sought with reference to anthropometry and measures of growth at
baseline (height standard deviation score, Ht SDS; weight stand deviation score, Wt SDS; body mass index
standard deviation score, BMI SDS; mid-upper arm circumference standard deviation score, MUAC SDS; height
velocity standard deviation score, Htvel SDS; waist-height-ratio, WHtR) and change in Ht SDS at 6 months
following initial visit. Differences in markers of disease activity (estimated glomerular filtration rate, eGFR,;
number of medications, and urinary protein-creatinine ratio, uPCR); inflammation (C-reactive protein, CRP; and

serum albumin), and blood concentrations of micronutrients were also explored.
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eGFR was calculated from the Schwartz formula (152). A deterioration of >10ml.min.1.73m? was a priori

considered to likely represent a true deterioration in kidney function.

Those with CRP >20 mg/l were felt to have subclinical infection that may independently increase NGAL

concentrations — and these subjects were excluded from analysis.

Statistical Analysis

Descriptive statistical analysis was performed; including distribution of gender and age-group. Differences
between groups were explored using t-test, or Mann-Whitney U-test (MWUT) depending and correlations
sought using Pearson or Spearman correlation tests dependent upon variable distributions. Data were analysed
using SPSS version 20 for Windows (SPSS Inc., Chicago, lllinois, United States of America). Statistical

significance was defined as a p-value of less than 0.05.

9.3.2.1. Ethical Approval

The study was approved by a Health Research Authority South East — Surrey Research Ethics Committee (REC
Reference: 16/L0O/0041). Informed consent was obtained from parents/carers with parental responsibility.
Informed assent was additionally obtained from those children/young people as participants in the study if age

appropriate.

9.3.3. Results
Forty-two children with PDCM CKD had uNGAL suitable for analysis. Two extreme outliers were excluded

from subsequent analysis, with associated elevated CRP (>20mg/I) and felt to represent subclinical infection.
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Figure 51. Distribution of UNGAL in the PDCM group (n=40).

UNGAL concentrations (A), and creatinine-adjusted uNGAL concentrations (B) for the Pre-dialysis,
conservatively-managed group (PDCM). Median and interquartile range are displayed. The
distribution of concentrations present as two groups: those with uUNGAL concentrations below the 97.5"
centile for age as defined by Rybi- Szuminska et al (128), and distribution of varyingly elevated uNGAL
concentrations. Abbreviations: Cr — creatinine; uNGAL — urinary Neutrophil gelatinase-associated
lipocalin.
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Elevated concentrations

Of 40 samples, 23 samples (57.5%) had concentrations of creatinine-adjusted uNGAL (ng/mlICr) greater than
Rybi-Szuminska et al’s 97.5™ centile for age (128); 13 (32.5%) had uNGAL concentrations (ng/ml) greater than
the Bennett et al’s 95™ percentile for age and sex (129). 13 (32.5%) had elevated uNGAL as defined by both
criteria. These were the same children identified by Rybi-Szuminska et al’s 97.5" centile for age alone, and Chi-

square analysis for agreement between the two criteria demonstrated good agreement (y*=14.235, p<0.0005).

Difference between those with normal and elevated creatinine-adjusted UNGAL concentrations

Comparison was made between those with creatinine-adjusted UNGAL above and below the 97.5™ percentile
proposed by Rybi-Szuming$ka et al. Selected variables evaluating differences between the two groups are listed in
Table 40, below. The PDCM group’s uNGAL measurements were additionally stratified into tertiles: 33.3"
percentile = 15.2242ng/mgCr; 66.6™ percentile = 118.9089ng/mgCr. Comparison was made between the lowest
and highest tertiles (see Table 41, below).

Table 40. Differences between normal and elevated creatinine-adjusted uNGAL subgroups in the PDCM
group (n=40).

Variable Normal creatinine- Elevated creatinine-
adjusted UNGAL adjusted UNGAL P=value
Mean (£SD) Mean (£SD)
% 9.47 (+4.14) 12.31 (¢3.32) 0.038*
(years)
Time from
diagnosis 90.33 (+55.71) 99.85 (+52.44) 0.609
(months)
eGFR .
(mI/min/1.73m2) 64.91 (£22.85) 45.34 (£ 27.71) 0.015
uPCR .
(mg/mmolt 16.5 (+7.25) 56.0 (+100.0) 0.003
Plasma Selenium R
(umol/) 1.15 (£0.15) 1.00 (£0.17) 0.016
C-reactive protein
0(x1 1(+4 0.159
(mg/l) 1 (1) (*4)
Serum albumin
40.5 (£5.75 40.0 (6.5 0.219
(@) (£5.75) (£6.5)

7 - non-parametric data, median and interquartile range reported, and comparison made by Mann-
Whitney U-test. Parametric data was compared using independent t-test.* - statistically significant
difference between the subgroups. Abbreviations: df — degrees of freedom; eGFR — estimated
glomerular filtration rate; PDCM — pre-dialysis, conservatively-managed; SD — Standard deviation;
UNGAL — urinary neutrophil gelatinase-associated lipocalin; uPCR — urinary protein-creatinine ratio.
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Table 41. Differences between lowest and highest tertiles for creatinine-adjusted uNGAL in the PDCM

group (n=40).

Lowest creatinine- Highest creatinine-
. adjusted uUNGAL adjusted uUNGAL

Variable : ; P-value

Tertile Tertile

Mean (£SD) Mean (£SD)
Age (years) 9.29 (£3.49) 10.58 (+3.96) 0.386
Sex (% female) 15.4 76.9 -
Time since diagnosis (months) 91.62 (£54.94) 90.69 (£51.44) 0.965
eGFR(ml/min/1.73m?) 68.14 (£22.76) 44,73 (£22.88) 0.015*
uPCR (mg/mmol) { 17.5 (+21.5) 77.0 (£170.5) 0.002*
Number of medications 3.15 (+1.86) 5.15 (£2.41) 0.026*
C-reactive protein (mg/l) { 0 (x1) 2 (£5) 0.035*
Serum albumin (g/l) § 40 (£7) 38 (+4.5) 0.186
Height SDS -0.68 (£2.19) -1.09 (£2.22) 0.960
Weight SDS -0.59 (£1.75) -0.29 (£2.18) 0.704
BMI SDS 0.19 (£1.51) 0.52 (+£1.65) 0.602
MUAC SDS 0.35 (+0.85) 0.76 (£1.14) 0.317
Height velocity SDS -1.31 (£2.95) -1.60 (£2.91) 0.960
Waist-to-height ratio 0.49 (+0.08) 0.50 (£0.09) 0.960
Plasma Vitamin A (pmol/l) § 2.00 (+0.60) 2.60 (+1.00) 0.026*
Plasma PLP (vitamin B6) (nmol/l) 86.60 (+22.40) 78.80 (+£38.75) 0.119
Plasma Folate (ng/ml) 12.90 (£14.40) 10.90 (£10.60) 0.478
Plasma Vitamin B12 (ng/l) { 514 (+358) 345 (+220) 0.035*
Plasma Vitamin C (pmol/l) { 79.80 (+27.7) 83.8 (+41.3) 0.494
Plasma vitamin D (nmol/l) 108.64 (+66.43) 102.08 (+48.87) 0.783
Plasma Vitamin E (umol/l) & 29.3 (+9.60) 29.5 (£10.20) 0.459
Plasma Copper (pmol/l){ 21.0 (£7.3) 19.9 (x3.7) 0.955
Whole Blood Manganese (nmol/l) 157.50 (+60.25) 130.50 (£144.75) 0.633
Plasma Selenium (pmol/l) 1.17 (x0.16) 1.02 (+0.18) 0.049*
Plasma Zinc (umol/l) 14.43 (£2.25) 12.85 (+£2.18) 0.095

7 - non-parametric data, median and interquartile range reported, and comparison made by Mann-
Whitney U-test. Parametric data was compared using independent t-test.* - statistically significant
difference between the subgroups. Abbreviations: eGFR — estimated glomerular filtration rate; PDCM
— pre-dialysis, conservatively-managed; PLP = pyridoxal-5-phosphate; SD — Standard deviation;SDS —

standardized deviation score; UNGAL — urinary neutrophil gelatinase-associated lipocalin; uPCR —
urinary protein-creatinine ratio.

9.3.3.1.

Creatinine-adjusted uUNGAL was higher in those with more severe disease as defined by eGFR, uPCR, and

Association with disease severity

number of medications (see Table 22, above), with significant linear correlations (eGFR: S.rho = -0.430, p =
0.006; UPCR: S.rho = 0.551, p < 0.0005; number of medications: S.rho = 0.378, p = 0.016).

9.3.3.2. Association with inflammation
CRP was significantly higher in those with higher creatinine-adjusted uUNGAL but did not demonstrate a
significant linear correlation (S.rho = 0.287, p = 0.089). Plasma albumin, which is suppressed in inflammation,

was not associated with creatinine-adjusted UNGAL.
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9.3.3.3. Association with anthropometry

Although there was a trend of children with higher uUNGAL to be shorter, have slower growth velocity, and be
heavier-for-height, none of the variables were significantly different. There was no difference between those
with poor growth (HtSDS<-2) and those with adequate growth (HtSDS>-2) (MWU t=161; p=0.503).

9.3.3.4. Nutritional Status: Height Velocity at Baseline

Mean height velocity SDS at baseline was -0.68 (SD+2.85). The distribution of the HtVelSDS is depicted in
Figure 52. The cohort was divided into three groups: HtVelSDS>2 (rapid height gain), 2>HtVelSDS>-2 (normal
height gain), and HtVelSDS<-2 (poor height gain). There was no difference in creatinine-adjusted uUNGAL
between the three groups (Kruskal-Wallis test = 0.734, p = 0.693).
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Figure 52. Height velocity SDS at baseline in the PDCM group (n=42).

Height velocity standardised deviation score(SDS) at baseline in the pre-dialysis, conservatively-
managed CKD group. Most children had height velocities within -2 and +2 SDS (shown by the orange
dotted lines), although a significant proportion had growth significantly lower. A small number had
height velocities higher than + 2SDS. Mean and SD for the group are represented by the black line and
error bars. There is significant variation in height velocity, some of this variation may be a result of
delay of the pubertal growth spurt observed in some with chronic kidney disease, this may result in
children both lower then if followed longitudinally higher than their healthy peers.

9.3.35. Association with micronutrient concentrations

Micronutrient concentrations were examined for association with higher creatinine-adjusted uNGAL (see Table
41). Vitamin A was higher in those with higher creatinine-adjusted uNGAL concentrations, and plasma selenium
and vitamin B12 were lower. Vitamin A concentrations demonstrated a positive linear relationship to creatinine-
adjusted uUNGAL (S.rho = 0.403, p = 0.013) and plasma selenium a negative linear relationship (S.rho = -0.327,
p = 0.048). Spearman’s correlation test was not significant for vitamin B12 concentrations (S.rho = -0.293, p =

0.083). To explore the potential for plasma selenium to be suppressed by the presence of inflammation, there
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was no correlation between CRP and plasma selenium concentrations (S.rho = -0.109, p = 0.527). Due to the
higher representations of females in the higher upper tertile for creatinine-adjusted uNGAL, differences in
plasma selenium concentrations and plasma vitamin B12 were explored, with no difference found between males
and females (Plasma selenium (umol/l): males = 1.07 SD+ 0.19, females = 1.05 SD+ 0.17; t(35) = 0.294, p =
0.771. Vitamin B12 (pmol/l): males = 518 SD+ 256, females = 381 SD+ 226; t(34) = 1.603 p = 0.118).
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9.3.3.6. Prediction of clinical outcomes: progression of kidney disease

Change in renal function
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Figure 53. Change in kidney function at 12 months for the PDCM group, and subgroups by elevated
(n=17) or normal uNGAL (n=15).

Change in kidney function at 12 months as determined by change in estimated glomerular filtration
rate. There was a wide range of values, and no difference depending upon whether children had
creatinine-adjusted UNGAL greater than the 97.5" centile for age (lower graph). Abbreviations: eGFR
— estimated glomerular filtration rate; PDCM - pre-dialysis, conservatively-managed; uNGAL —
neutrophil gelatinase-associated lipocalin.
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Within the group, 32 had paired height and serum creatinine measurements at 12 months following baseline
measurements available allowing for the calculation of eGFR at 12 months. There was a large variation in the
change in eGFR at 12 months (mean change = -0.43 SD+8.11; range: -13.2 to +21.6 ml/min/1.73m?), see Figure
53. There was no pattern of creatinine-adjusted UNGAL when categorised eGFR at 12 months as worse (eGFR
>10ml/min/1.73m? decline at 12 months), unchanged (eGFR within + 10ml/min/1.73m?) and improvement in
eGFR (eGFR >10ml/min/1.73m? increase at 12 months), see Figure 54, below.
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Figure 54. Urinary NGAL concentrations at baseline and change in eGFR at 12 months as categorised as
worse, unchanged, or improved (n=32).

Three children (9.4%) had a deterioration of eGFR of >10 ml/min/1.73m? at 12 months. Using ROC curve
analysis, the ability of creatinine-adjusted UNGAL to predict this deterioration was evaluated and compared to
other variables associated with disease progression. The results of this analysis are displayed in Figure 55,
below. Creatinine-adjusted uNGAL performed better than baseline eGFR, CRP and uPCR in the prediction of a
decline in kidney function as assessed by estimated glomerular filtration rate at 12 months from baseline
measurement with area under-the-curve (AUC) of 0.816 (95% CI: 0.596-1.000) compared to: Baseline eGFR =
0.425 (95% CI: 0.056-0.794); CRP = 0.453 (95% CI: 0.091-0.816); uPCR = 0.762 (95% CI: 0.468-1.000),

although confidence intervals were large. Youden’s index analysis demonstrated that cut-off values were:
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Creatinine-adjusted UNGAL = 24.87 ng/mgCr (sensitivity = 66.7% and specificity = 83.3%); uPCR = 139
mg/mmol (sensitivity = 66.7% and specificity = 83.3%); and CRP = 2.5 mg/L (sensitivity = 33.3% and
specificity = 83.3%)..
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Figure 55. ROC curve analysis for the prediction of a deterioration of kidney function of more than
10ml/min/1.73m? in the PDCM group (n=32).

Creatinine-adjusted uNGAL performed better than c-reactive protein (CRP) and urinary protein-to-
creatinine ratio (UPCR) in the prediction of a decline in kidney function as assessed by estimated
glomerular filtration rate at 12 months from baseline measurement. Area under the curves (95%
confidence intervals) for test variables were: creatinine-adjusted uNGAL= 0.816 (0.596-1.000);
baseline eGFR = 0.425 (0.056-0.794); CRP = 0.453 (0.091-0.816); uPCR = 0.762 (0.468-1.000).
Abbreviations: CRP — C-reactive protein; uNGAL — urinary neutrophil gelatinase-associated lipocalin.

9.3.3.7. Prediction of clinical outcomes: deterioration in growth

In addition to evaluating UNGAL in those with poor growth as assessed by HtSDS and HtVelSDS at baseline,
follow-up height measurement at 12 months was also assessed. From the PDCM group, 35 had height
measurements available for analysis at 12 months with paired baseline uUNGAL. The median change in height
SDS at 12 months was 0.08 (IQR+0.25). Prediction for a deterioration in HtSDS of >0.2 (n=5) was assessed
using ROC curve analysis. Creatinine-adjusted uUNGAL was unable to predict deterioration in growth at this
level (AUC = 0.481; CI: 0.181 — 0.781). It was also unable to predict improvement in HtSDS of >0.2 SDS (AUC
=0.563, Cl: 0.354 - 0.773).
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9.3.4. Discussion

There is evidence to suggest that NGAL may play an important role in kidney injury and repair. In this study,
UNGAL was found to be elevated in the PDCM group, and a better predictor of kidney disease progression at 12
months than other readily accessible markers that have been associated with disease progression (albeit with
large confidence intervals). Although there was a trend of children with higher uNGAL to be shorter, have

slower growth velocity, and be heavier-for-height, none of the variables were significantly different.

UNGAL is an attractive biomarker to explore clinical utility as it is readily accessible, and with promising

application in the detection of acute kidney injury (322) may become increasingly available in clinical practice.

Limitations of using UNGAL as a biomarker of disease activity or of nutritional status include the large number
of variables that have influence over uUNGAL concentrations; including acute infection (323). Additionally,
quoted normal reference ranges of UNGAL are based on small cohorts, especially so when these cohorts are
divided into age-specific groups. Therefore, the reference standard to which uNGAL concentrations are

compared needs more study to ensure its validity.

9.34.1. Elevated concentrations.

Those with elevated concentrations were older than those with normal levels. This is despite the using age-
specific 97.5" percentile proposed by Rybi-Szuminska et al as the cut-off for elevation. The explanation of this
may be that the reference quoted by Rybi-Szuminska et al does not truly reflect the normal range of individuals.
Although, except for the very young, others have found little variation depending upon age. The length of
disease did not appear to be the cause of this as time since diagnosis was not different between the groups.
Alternative explanations include, older children with CKD may well have increased disease activity. During
puberty, it is commonly observed that there is deterioration in kidney function (324), and older children are more
likely to be pubertal. The pubertal status of the child may also increase UNGAL concentrations independent of

disease activity and kidney function.

9.3.4.2. Comparing those with lower and those with higher creatinine-adjusted uUNGAL
Being in the higher tertile was associated with being female and this is consistent with the previously reported
data of healthy children and young people who report higher values in females compared to males (128, 129).

Age and duration of disease (time since diagnosis) were not associated factors.

9.3.4.3. Disease severity
Those with higher creatinine-adjusted UNGAL (highest tertile) had more severe disease (eGFR, uPCR, and

number of medications). This is in agreement with previous studies (123).

9.3.4.4. UNGAL and Nutritional Status: Markers of Adiposity and growth

Although a trend for high creatinine-adjusted UNGAL to be associated with shorter, heavier-for-height with poor
growth, no statistical differences were found. It might be expected that those with the greatest disease activity
would grow the poorest, and those with quiescent disease grow better, although poorer kidney function will also

impact on growth.

Urinary NGAL has been reported to be higher in adult CKD (creatinine clearance >25ml/min/1.73m?) patients

who were overweight/obese compared to their normally-weighted counterparts (325). These patients had greater
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protein and sodium chloride intake. Although the NGAL difference may be adiposity-related inflammation-
derived, dietary patterns may lead to an increased likelihood of metabolic acidosis in CKD that has a negative

impact on kidney function and disease progression.

Obesity has been associated with the progression of kidney disease (72, 73) and with systemic inflammation
(326). Bennett et al (129) reported that in healthy children and young people NGAL concentrations did not
correlate with Ht SDS, Wt SDS or BMI SDS, in-keeping in this cohort.

It is perhaps noteworthy that although not statistically significant, the relationship between MUAC and
creatinine-adjusted UNGAL seems opposite to that of RDW and MUAC (Chapter 9.2), with a trend of increasing
MUAC with higher creatinine-adjusted UNGAL. This might be explained by the uNGAL being more
representative of kidney pathology than systemic inflammation. Body composition analysis is warranted to
explore the relationship between loss of lean muscle, the presence of sarcopenia and putative markers of disease

activity, including NGAL.

9.3.4.5. UNGAL and Nutritional Status: Micronutrient Status at Baseline

On examination of creatinine-adjusted UNGAL by tertile and comparing those in the highest versus the lowest,
vitamin A concentrations were higher in those with higher creatinine-adjusted uUNGAL, and selenium and
vitamin B12 concentrations were lower. There was a linear relationship with vitamin A and, as vitamin A
concentration increases in a dose-dependent manner with decreasing kidney function (261) (as demonstrated and
discussed in Chapter 5), this relationship is likely due to collinearity. The difference in the percentage of females
in the lowest and highest tertiles of creatinine-adjusted uUNGAL can not explain this alone as there was no
difference in selenium and vitamin B12 concentration between males and females, although data from the
national diet and nutrition survey has reported that females tend to have lower dietary intake of selenium with
almost twice as many girls aged 11 to 18 years receiving less than the lower reference nutrient intake (LRNI) for
selenium, and more likely to have low serum vitamin B12 concentration compared to their male counterparts
(321).

Selenium

Plasma selenium is often lowered in inflammatory states as part of the acute phase response (327), and as
UNGAL increases with inflammation, their association may be in relation to inflammation rather than to each
other. Although there was no linear correlation between plasma selenium and CRP in this analysis. CRP has
limitations in the characterisation of inflammation, but there remains the possibility of an independent

association between selenium status and disease activity.

As discussed in Chapters 4 and 5, selenium has many roles within selenoproteins, including within glutathione
peroxidase and control of oxidative stress. Although all except one child of the PDCM group had plasma
selenium concentrations within normal reference range (mean = 1.04 SD+ 0.2, range 0.47 to 1.46 umol/l), there
is debate regarding whether this range truly reflects optimal concentrations, as its derivation is based on the
absence of frank disease in otherwise healthy individuals, and does not correspond to maximal activity of
selenoproteins. In those with chronic disease, exposed to increased oxidative stress, demand for selenium may be
increased still further. The association of decreased plasma selenium concentrations and increased disease

activity may be the result of increased demand of selenium-dependent processes, or that the limitation of

200



selenium through inadequate dietary intake of selenium has a negative impact upon disease activity in those with
CKD.

The UK are at increased risk of inadequate selenium intake compared to other populations, as the amount of
selenium that foods contain is highly dependent upon the conditions in which it is raised; the selenium content of
the soil. This varies greatly depending upon geographical region. Selenium content of the UK’s wheat has
decreased from the 1970’s and is associated with sourcing of wheat from Europe rather than North America.

Correlating with this, the nation’s selenium intake has decreased (321).

Further research is needed to determine whether selenium requirements differ in children with CKD from that of
the general population. Initial study should be focused on the activity of selenoproteins with varying plasma
selenium concentrations, and intake of selenium. Whether supplementation with selenium would have disease
modifying action warrants careful evaluation. In contrast to other vitamins and minerals, selenium has a
relatively small therapeutic window prior to toxic effects may be observed (47). The increased mortality
observed in those with supplemental vitamin E (205, 264) serves as an example of a need for greater
understanding of the metabolism of nutrients prior to advocating increase intakes, although it may be reasonable,
if subsequent data provides mechanisms suggestive of benefit, to develop studies that increase dietary intakes to
similar to usual intakes in countries where selenium intake is higher, including in the Finland, where bio-

fortification of selenium crops has resulted in increased population intake inline with the USA (328).

Vitamin B12
Serum vitamin B12 concentrations were lower in those with higher creatinine-adjusted uNGAL. The reason for

this is unclear.

Girls had lower vitamin B12 concentrations compared to boys, although dietary intake for vitamin B12 in the
TEMPeReD cohort was not reported as lower in girls (see Chapter 5). NDNS data show a higher prevalence of
holotranscobalamin (the vitamin B12 form that can enter cells) below 32pmol/I (the concentrations associated
with evidence of vitamin B12 deficiency) in girls compared to boys in those aged 11-18 years (321). One
explanation could be that lower vitamin B12 status is associated with higher disease activity (greater uUNGAL
concentrations), and due to the lower vitamin B12 status in girls, disease activity is greater in girls compared to
boys. With increased tubular protein loss signified by higher UNGAL, there may be increased B12 loss via the

urine.

At physiological concentrations, protein-bound vitamin B12 filtered by the glomerulus exceeds the daily intake
(329). Therefore, if there is an inability to reabsorb this vitamin, additional losses may result in increased risk of
inadequacy. Indeed, children with Donnai-Barrow Syndrome caused by a mutation in the megalin-encoding gene
LRP2, exhibit urinary low-molecular protein loss, and are at risk from vitamin B12 deficiency due to this low
molecular weight protein loss. Moreover, there is evidence to suggest that it is not only the liver that has stores
of vitamin B12, but that the kidney may act as a store too (329). If so, the ability of the kidney in the context of

CKD of different aetiologies may play a part in altering vitamin B12 metabolism and status.

Previous literature has demonstrated an association of higher serum vitamin B12 concentrations in children with

kidney impairment (186, 330, 331) — although these studies were in dialysis patients, and in receipt of
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supplementation in two cohorts as part of routine care (186, 331). Without this supplementation, vitamin B12
status is likely to be low with increased loss through dialysis (332). In those with pre-dialysis, conservatively-
managed CKD, B12 status has been reported as no different from healthy controls and within the normal
reference range (333, 334). In this cohort, there was a positive correlation between serum vitamin B12
concentrations and eGFR (S.rho = 0.351, p = 0.036), i.e., those with more severe disease have a lower circulating
vitamin B12 pool. This is contrary to previous literature (186, 330, 331) but may be due to the greater impact of
dietary intake of vitamin B12 compared to adults with kidney impairment. Vitamin B12 metabolism in the

context of CKD is complicated, and not fully understood.

In those without kidney disease, vitamin B12 concentrations are associated homocysteine concentrations due to
their interaction in the methylation-demethylation pathways (see Figure 56, below) with low vitamin B12
concentrations being associated with elevated homocysteine concentrations (a risk factor for the development of
cardiovascular disease (335)). In kidney impairment, homocysteine concentrations increase with decreasing
kidney function independent of vitamin B12 status and total homocysteine concentrations have been reported in
a meta-analysis as a risk factor for cardiovascular events and total mortality in patients with end-stage kidney
disease not receiving vitamin supplementation or folic acid food fortification (336). Thus, this metabolism is
disturbed in some way, although different studies have reported benefit, no benefit and harm with B-vitamin
supplementation (337).

Remethylation Transmethylation
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SHMT Methionine MAT””
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Figure 56. Methionine synthesis and transmethylation cycles and transsulfuration pathway.

Adapted from Shane, 2008 (338). Abbreviation: THF, tetrahydrofolate; FAD, flavin adenine
dinucleotide; PLP, pyridoxal phosphate; B12, vitamin B12; AdoMet, adenosylmethionine; AdoHcy,
adenosylhomocysteine; SHMT, serine hydroxymethyltransferase; MTHFR, methylenetetrahydrofolate
reductase; MS, methionine synthase; MATI/II, methionine adenosyltransferase | and 11; SAHH, AdoHcy
hydrolase; CBS, cystathionine f-synthase; BHMT, betaine homocysteine methyltransmethylase; glycine
NMT, N-methyl transferase).
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Giines et al (339) reported that in 12 otherwise healthy children with vitamin B12 deficiency, creatinine-adjusted
UNGAL was higher than healthy controls. The authors suggest vitamin B12 deficiency causes kidney injury, as
other markers of kidney injury were also elevated. An alternative explanation is that vitamin B12 availability has
influence over NGAL concentrations either through modification of the disease process and / or expression of
NGAL. Giines et al’s elevated creatinine-adjusted UNGAL concentrations were modest compared to the data
presented here (19.5ng/mgCr, compared to 3.9ng/mgCr in the health controls), additionally, these children had
an average haemoglobin below 120g/l, and therefore any kidney injury may be due to relative kidney hypoxia

from anaemia rather than the direct effect of limitation of vitamin B12.

Unfortunately, this study did not measure homocysteine concentrations that may allow for deeper exploration of
this area of metabolism. Future research should aim to understand mechanisms that may explain the possible

interaction between these pathways, and kidney injury and repair.

9.3.4.6. UNGAL and Disease Progression

It was hypothesized that those with elevated creatinine-adjusted uUNGAL would have faster deterioration in
kidney function. In this PDCM group, uUNGAL performed marginally better than the traditional marker of
urinary protein-to-creatinine ratio in identifying those with a decline in eGFR >10ml/min/1.73m? The
limitations of eGFR as a marker of disease progression may make a type 1 error more likely with significant
variation. Additionally, follow-up of the study was only 12 months, and this might not be long enough to
appreciate the deterioration in kidney function. The use of formal GFR (rather than estimated GFR)
measurement in a larger cohort over a longer time period may be of benefit to confirm or refute findings from

this cohort.

9.34.7. Limitations

There are unfortunately many factors that may increase UNGAL independent of kidney injury/repair that give
UNGAL limitations. Poor growth was not explained by disease activity as assessed by uNGAL, although
limitation of cohort size may be the reasons for this. It is also important to discuss that ROC curve analysis has a

systemic bias to overestimate statistical significance in small sample sizes.

9.3.4.8. Future Directions
There is a suggestion that selenium availability may be important, and this warrants further investigation. More
research is needed to understand how uUNGAL may be used in clinical decision-making both as a marker of

disease activity and nutritional status.

9.3.4.09. Concluding Remarks
UNGAL continues to show promise as a marker of disease activity and may represent a better predictor of kidney

progression than current clinical used measurements.

9.3.4.10. Practice Points
e UNGAL may be superior to the urinary protein-to-creatinine ratio in predicting disease progression, but

more research is needed to confirm these findings and understand the underlying mechanisms.
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10.  FINAL DiIsScUSSION
Within this thesis elements of nutritional status, well-being and disease activity of children and young people
with CKD are explored.
® What variation in nutritional status exists in those children and young people with CKD?
® \What variation exists in the outcomes in those children and young people with CKD?
® \What variation exists in the disease activity in those children and young people with CKD?
® How does the variation in these above concepts relate to disease severity; is there variation within these
that are not fully explained by the variation in disease severity?
® \What are the markers of nutritional status associated with poor growth as defined by HtSDS<-2 and/or
HtVelSDS<-2 in children and young people with CKD?
® What associations are there between well-being and nutritional status and children and young people
with CKD?

The aim of this thesis was to explore the nutritional status of children and young people with chronic kidney
disease (CKD), and the current clinical approach to nutrition within the UK. The hypothesis of this thesis was
that those with children with CKD with poorer growth would have poorer health-related quality of life,

nutritional status, and elevated levels of disease activity.

Poor nutritional status is associated with poorer outcomes; including increased mortality [4-7], and it makes
sense that the availability of energy and nutrients have influence on the cellular processes that take place, many
of which only occur with key nutrients, such as minerals. Despite this knowledge, it is unknown what the best

nutritional management for children with CKD is.

This thesis takes the view of the paediatric nephrologist in the nutritional care of children with CKD. The ability
of current practice of nutritional assessment to characterise children is evaluated, with identification of gaps and
opportunities in the understanding of nutritional care. This led to the development, and trialing of measures that

may improve such characterisation and aid clinical decision-making.

Firstly, a feasibility study describing anthropometry across all ages and stages of CKD was conducted and
provided novel prevalence data in the UK, using the routine collection of clinical data via hospital information

technology systems.

Secondly, a review of the literature of vitamin and mineral status in children and young people with CKD was

conducted. Within which a structure with which to review the literature was developed and employed.

Thirdly, a traditional nutritional management approach was adopted through the assessment of risk of nutritional
inadequacy by measuring dietary intake, anthropometry, and blood concentrations of vitamins and minerals in a

cohort study.

Fourthly, holistic measures were explored using questionnaires in the assessment of appetite and HRQoL. A
novel appetite assessment questionnaire was developed and used to explore appetite in the above-described
cohort, and a validated questionnaire was used to explore HRQoL.
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Fifthly, a time-limited trial of a novel food for special medical purposes was undertaken. Supplying a balanced
vitamin and mineral supplement to a subgroup of children and young people at risk from not meeting their

nutritional requirements.

Sixthly, the concept of disease activity is explored through the evaluation of putative markers of disease activity,

i.e., RDW, uNGAL, and measures of mitochondrial bioenergetics.

The key messages from this thesis are:

® Methods of nutritional assessment currently employed in the clinical environment fail to fully capture
the nutritional phenotype of children with CKD. More research is needed to develop markers of
nutritional status, especially of specific vitamins and minerals.

® The evidence upon which clinical practice guidelines are based for the dietary requirements for
vitamins and minerals for children and young people with CKD is limited and significant research is
required before security in this area can be achieved.

® Prevalence of poor appetite in children and young-people with CKD may be greater than predicted, and
that this potential under-recognition may be due to a hitherto narrow assessment of poor appetite.

® \Well-being, as assessed by a well-research, validated questionnaire assessing health-related quality of
life, is lower in those with CKD; even in those with mild-to-moderate disease. This measure of well-
being has a relationship with markers of nutritional status and was lower in those with poor growth
(HtSDS<-2).

® There was a trend for children and young people in the highest RDW tertile to be shorter, have slower
growth, and be lighter-for-height, these differences were not statistically significant.

® Body composition changes may be associated with increased RDW, with lower WtSDS and MUAC
SDS associated with greater variation in erythrocyte size.

® In pre-dialysis, conservatively-managed CKD, uNGAL is elevated and a better predictor of kidney
disease progression at 12 months than other readily accessible markers. Although there was a trend of
children with higher uNGAL to be shorter, have slower growth velocity, and be heavier-for-height,
none of the variables were significantly different statistically.

The direction of causation and inter-relationships between these variables need further exploration and study.

10.1. CLINIC WIDE ASSESSMENT OF GROWTH

This feasibility study described weight, height and BMI across all ages and stages of disease, and provided novel
prevalence data for children with kidney disease in the UK, internationally and in Southampton Children’s
Hospital, using the routine collection of clinical data via hospital information technology systems. Data on
growth in children with kidney disease is limited and restricted on the whole to those with the most severe
disease. The data presented in this chapter show short stature is prevalent (10% of paediatric nephrology clinics)
with obesity levels similar to that of the general population. As is well described, this highlights that
inadequacies of growth are common in paediatric nephrology. Some children with syndromic disease have lower

growth potential, but others do not meet their potential for reasons of disease, its complication, and poor
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nutrition. The benefit of covering the entire clinic allowed for a large number of children and young people to be

included, but this study did not allow for detailed characterisation of the participants.

The use of electronic data has the potential to identify those children and young-people who are at risk and be
highlighted to healthcare professionals. This study may act as a template for the wider healthcare community that
may be introduced into outpatient clinical settings to alert healthcare professionals to those with (or at risk of)

growth failure or obesity.

This methodology can also be used, to collect longitudinal data to monitor how the clinic as a whole and
individuals change overtime. In the future, other clinical data could also be included to facilitate greater clinical
information to be available, including other anthropometric data (such as markers of central adiposity) and

nutritional interventions (Is the children/young person on a potassium or phosphate restriction?, for example).

10.2. LITERATURE OF THE VITAMIN AND MINERAL STATUS OF CHILDREN AND YOUNG PEOPLE WITH CKD
The review of literature on vitamin and mineral status of children and young people with CKD demonstrated the
lack of studies examining this important area of clinical care. The studies that exist are focused on those with the

most severe disease, are of generally small size and no contemporaneous.

It is important to have clinical guidelines to decrease unwanted variation in clinical care. The guidance with this
regard is based on very limited data, and on the whole (with notable exceptions of vitamin A, for example) states
to ensure that individuals receive the recommended dietary intake as quoted for healthy individuals in receipt of
otherwise adequate intake for energy and other nutrients. This is despite the knowledge that the kidney as an

organ of homeostasis and metabolic influence may alter true requirements for an individual.

10.3. TEMPERED

The TEMPeReD cross-sectional, observational study reported a high prevalence of children at risk from not
meeting their nutritional needs through dietary intake. This increased risk was not borne out in the micronutrient
blood concentrations in the same population, the vast majority of which were reassuringly normal despite the
lack of a formalized, structured approach to nutritional support and supplementation. In a small cohort of these
children at risk from nutritional inadequacy, a novel micronutrient supplement was trialed, which was poorly

tolerated and did not have a measurable impact on nutritional status.

Elevated plasma vitamin A and vitamin E concentrations were almost universal, even in those with mild-to-

moderate disease severity (PDCM). The impact of such elevations is not known.

Anthropometry of the cohort lay mostly within the normal distribution of the general population, but with a
tendency for increased weight-for-height, MUAC and waist circumference that may represent adiposity. Despite
this, a number of children had abnormalities of growth, and suggest that calorie limitation is not the only factor

influencing growth.

10.3.1.  Obesity and adiposity in paediatric CKD
Weight SDS, BMI SDS, waist-to-height ratio were all highly correlated — and this is to be expected. Importantly,

central obesity has been reported to confer increased risk even in those that have not met the cut-off for obesity
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as per BMI-based definition (75, 340). It is also important to propose tools and criteria that are readily accessible
and easy to understand. More children were obese as defined by WHtR compared to BMI-criteria in the
TEMPeReD cohort. As WHtR is not routinely used in clinical care as a definition of obesity, it may be that
obesity (as defined by WHtR) may have a greater prevalence than previously reported — but that these children

and young people are truly at increased risk compared to their WHtR <0.5 measured peers.

10.4. NUTRITIONAL ASSESSMENT OF CHILDREN AND YOUNG PEOPLE WITH CKD

Following the exploration of nutritional assessment of children and young people through the TEMPeReD study
and exploration of underlying literature, the security of the methods currently employed in the clinical setting is
questionable. The current available tools do not offer the ability to make an adequate nutritional diagnosis. This
includes limiting anthropometry to height and weight measurement without the ability to characterize body
composition. Energy requirements can be accurately measured in the research setting, but in clinical practice
even in the most difficult cases of poor growth, clinicians rely on estimated requirements. Dietitians use single
24-hour recall to estimate dietary intake and determine likelihood of nutritional adequacy/inadequacy despite this
methodology unlikely to be predictive of actual intake. The reference standards for dietary intake which have
been developed for the general population are applied to children and young people with possibly different
requirements, but in whom little or known research has been performed to justify this. When assessing the
vitamin and mineral status by biological measures, a simplistic approach is taken whereby the blood
concentration of the nutrient is measured and compared to a normal reference range. This presupposes that this
concentration reflects total body status in this disease population without research to underpin this assumption.
The use of functional assays is more likely to represent the patient’s needs. Additionally, treating those with high
or low concentrations in the transport pool with either dietary advice or supplementation without evidence that
this is beneficial to the patient, but risk unintended negative consequences to the patient. In summary, clinicians

do not have the tools to adequately assess nutritional status but fool themselves that they do.

10.5. APPETITE

In this thesis, a clinical need for a formalised appetite assessment was confirmed through surveys and clinical
audit, and appetite assessing questionnaire developed and validated. On using the questionnaire to explore poor
appetite in the TEMPeReD cohort, a high prevalence of poor appetite that cannot be fully explained by disease
severity alone (25%). Appetite was associated with energy and nutrient intake. Poor appetite was associated with
increased BMI, but not linear growth. This lack of association between poor growth and appetite may be due to
medical and dietetic interventions employed by the clinical team that were not explored in this cohort,

observational study.

10.6. HRQoL

This is the first data of HRQoL as assessed by the PedsQL™ 4.0 in children with pre-dialysis, conservatively-
managed CKD within the UK, and explores the association of nutritional status with HRQoL. These data show
that HRQoL scores was significantly lower in this cohort; including in the subgroup of pre-dialysis
conservatively-managed CKD children compared to healthy control data, with mean score differences greater
than the minimal clinically important difference (MCID) score of 4.4 (child self-assessed questionnaire) and 4.5

(parent-proxy questionnaire) (271). The results suggest that, in agreement with existing literature mostly limited
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to those with end-stage kidney disease, children and young people with mild-to-moderate CKD have lower
HRQoL compared to their peers. The difference scores in the emotional domain of the questionnaire between the
child/young person and their care-giver warrants further exploration. It highlights the need to evaluate both

parties: the paediatric patient and their caregiver.

Kidney function per se, was not the only influencing factor upon HRQoL, and as previously reported in other
disease-groups (108), stunted children reported lower HRQoL scores than their non-stunted counterparts, and
was the strongest influence on multiple regression analysis. This highlights the importance of growth as a

clinical outcome for healthcare professionals to focus on.

Despite this chapter demonstrating the relationship between well-being (as assessed by HRQoL) and poor

growth, the nutritional influences between were not demonstrated.

Level of deprivation also, unsurprisingly, influences well-being and these data suggest the need to approach the
child/young person with more than just physiological approach if healthcare professionals are to improve well-
being. The emotional domain scores suggest the need for psycho-social support as part of the multidisciplinary
team. Although many paediatric nephrology centres have clinical psychologists and social workers available,
these are limited and as a result focused on those with the most pressing problems. These data make the case that
professional mental health support may be needed for those with mild-moderate disease in addition to those with
the most severe disease or overt psychological disruption due to the high prevalence of lower emotional domain

scores.

HRQoL assessment should be considered for introduction into routine clinical care for ongoing holistic care of
children with chronic illnesses, including CKD, and to facilitate the acquisition of longitudinal data regarding the

impact of changes in nutritional status and therapy.

10.7. INTERVENTIONAL STUDY

Although the formulation of this novel food for special medical purposes almost eliminated those children at risk
from micronutrient inadequacy through the potential combined diet/supplement delivery of vitamins and
minerals, translation into clinical practice was not possible. Moreover, in the small number of children that
completed the trial, only folate and selenium blood concentrations were higher at the end compared to baseline.
This may be noteworthy, as the selenium intake is recognised to be lower in the UK compared to other countries,
and the optimal plasma concentration has been the subject of some debate. There are reasons, as discussed early,
that mean that requirements for selenium in CKD may be greater; including potential greater utilisation in those

with higher levels of oxidative stress associated with both CKD and dialysis.

The high dropout rate was largely due to the unacceptable nature described by the study population apparently
due to poor taste profile and side effects. Different formulations preparations should be developed and trialed, as

a gap in the ability to ensure micronutrient supply remains unfilled.

10.8. MARKERS OF DISEASE ACTIVITY
Although disease severity is characterised in clinical practice (primarily through the measurement of GFR), there

is no marker of disease activity. It was hypothesized that disease activity variation would be able to account for
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the variation in nutritional status and disease progression observed in clinical practice that cannot readily or
completely be explained by other markers that have been associated with these measures, and that those with

poor growth would have the greatest disease activity.

RDW did not show an association with eGFR or other markers of disease severity, but was correlated with
systemic inflammation (CRP). Although there was a trend observed between RDW and poorer growth, this was
not statistically significant. It may be that the sample size was not large enough to detect this difference, as there

was large variation in height velocity SDS.

RDW was negatively correlated with WtSDS and MUAC SDS suggesting a possible relationship between acute
nutritional state and RDW. MUAC SDS may be more sensitive to changes in lean body mass, specifically
muscle mass and the wasting that accompanies CKD (318). Body composition analysis, such as bioelectrical

impedance analysis, may be able to explore this possible relationship in more depth.

Rather than a systemic marker (such as RDW), a kidney specific-marker was thought more likely to represent a
marker of CKD disease activity, and therefore UNGAL was explored. uNGAL was found to be elevated in the
PDCM group, and a better predictor of kidney disease progression at 12 months than other readily accessible
markers that have been associated with disease progression (albeit with large confidence intervals). Although
there was a trend of children with higher UNGAL to be shorter, have slower growth velocity, and be heavier-for-

height, none of the variables were significantly different.

10.9. DIGITAL TECHNOLOGY IN THE NATIONAL HEALTH SERVICE

One thread of the experiments described in the thesis is the potential for technology and digital systems to be
used to help fulfil the NHS long-term plan (341). Using digital systems to identify those with anthropometric
measures placing them at risk from growth failure or obesity, and the use of patient-led measures could increase
efficiency in the system. Firstly, these tools could automatically highlight patients to be evaluated by paediatric
kidney disease dietitians for nutritional assessment if not already earmarked to do so. Secondly, clinical data
hitherto collected at consultation could be already collected and analysed prior to the patients’ arrival in clinic,
allowing increased time for discussion and motivational interviewing, for example. Digital options should be
developed to improve patient experience and provide patient choice. In addition, technology may enable
increased efficiency resulting in cost-savings both short-term with more patients evaluated by healthcare teams,
and may allow for increased healthcare-patient-family interactions to allow for more oversight of concordance

with nutritional prescription, for example.

In addition to growth which has been the focus of this thesis, obesity is a significant problem in the UK. It has
been highlighted in the NHS Long-term plan as a priority to take action on childhood obesity within the next ten
years (341). The use of digital technologies within the clinical environment both in paediatric nephrology and

throughout the healthcare system should be targeted to highlight children at risk and facilitate intervention.
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Example of digital technology methods to decrease prevalence of childhood obesity in the NHS:

Child attends paediatric / primary care clinic appointment;

Anthropometric data is collected and compared to growth chart standards;

A child whose BMI >2 SDS or whose rate of change suggests rapid weight-for-height gain is identified
by the digital technology platform and highlight to the clinical staff;

Patient is highlighted to paediatric dietetic team and an appointment made;

Dietary intake and physical activity data is collected from the family via online digital platform;

These data are digitally analysed and report sent to dietitian;

Face-to-face appointment with healthcare team to explore results / health prescription put in place /
motivational interviewing;

Ongoing mix of distance (digital) assessment and face-to-face follow-up to enable life-style change etc..

Figure 57. Potential example of how digital technology can result in new clinical pathways.

10.10. CHALLENGES TO THE MULTIDISCIPLINARY TEAM.

Providing adequate nutrition is an essential element of clinical care, and recognised in clinical practice

documents for all NHS service users; specific paediatric service documents; and in international, national and

local paediatric nephrology guidance. Despite this, there remains significant challenges to the delivery of optimal

nutritional care to children and young people with CKD.

Challenges to providing optimal nutritional care include:

1.
2.

Acquisition of data; including accurate and regular recording growth data.

Interpretation of these data - Identification of those with or at risk from nutritional inadequacy. There is
no formalized process by which those at risk are identified. Onus is placed upon individual clinicians to
identify those in need of a nutritional assessment.

A lack of validated, practical tools by which to characterise the intake of children and young people
with chronic kidney disease. Current methods are labour-intensive for both the family and healthcare
professionals, and may not reflect true intakes especially for infrequently taken vitamins and minerals.
Establishing clear outcome goals for micronutrient requirements — current guidance of dietary intake
values have been developed for otherwise healthy individuals not those with varying degrees of renal
impairment or in receipt of renal replacement therapy;

Identifying and understanding the factors that may affect micronutrient requirements and intake in the
setting of chronic kidney disease in individual patients;

Accurately measuring and interpreting markers of micronutrient status and recognizing the limitations
of such measures (many biomarkers may not truly reflect status in the setting of CKD even if taken as a
reflection of status in otherwise healthy individuals);

Translating and monitoring micronutrient requirements in clinical practice, in the dynamic state.

Although energy needs may be met through diet and supplementation, this does not necessarily result in

adequate intake of micronutrients, without which usual metabolic processes are not possible. Achieving dietary
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intake of these micronutrients can be challenging in otherwise healthy children (76) and is made even more
challenging in the paradigm of chronic kidney disease as discussed above. As a result, diet and nutrition can be a

source of frustration for patients, caregivers and healthcare professionals.

It is challenging to draw recommendations for micronutrients intakes and the current dietary reference values
upon which guidance is based are derived from presumably healthy individuals not those with chronic kidney
disease. There is no data available to derive different dietary reference values for paediatric CKD patients,
although it is unlikely that requirements are the same. For example, increased metabolic demands are likely to
increase the demands for B-vitamins involved in energy metabolism. True dietary intake requirements depend
upon many factors including body stores, previous supplementation, nutritional status, gastrointestinal health and

absorption, degree of renal metabolism, and losses through dialysis regimes, which are all dynamic.

A multitude of factors are taken into account in the clinical decision-making regarding estimation of an
individual's micronutrient requirement and status. Some of these are explored in the figure below along with

important outcomes to be monitored and drive the need for determination of such needs.

10.11. WHAT IMPACT HAS MY PHD HAD?

® Development of annual review process within the clinical service to include assessment of appetite and
health-related quality of life.

® Routine collection of nutritional data on clinical databases; including the nutritional interventions such
as dietary restrictions.

® Greater emphasis on fibre intake assessment of children with CKD in the clinical service, with regular
assessment as part of the usual clinical care. Development of work to explore the current UK paediatric
dietetic management with regards to dietary fibre.

® Further research studies underway to qualitatively explore children and young people and their care-
givers perceptions on the nutritional care of CKD.

® Reevaluation of a balanced vitamin and mineral supplement for paediatric CKD patients by an

industrial partner — to bring to market a product that is more palatable.

10.12. LIMITATIONS

There are many limitations of the experiments used in this thesis. Firstly, given the observational nature of the
TEMPeReD study, it could not establish that there was a cause-and-effect relationship between the variables.
The interventional study was not designed to be powered to detect changes (with the primary aim to determine
acceptability and palatability), but with a high drop-out rate had only a few participants complete the

intervention.

There are many influencing factors on growth, and these change overtime. Moreover, HtSDS is a summative
statement of factors (including nutritional status) and those factors may have changed despite the child / young
person still being short in stature. Height velocity may be a better measure of this but continues to have
limitations as a measure of growth in that it takes many months to achieve a measurement. A biological measure
that represents the growth signaling that is specific and sensitive to changes to factors that influence growth is

required and can be measured to determine the drive for growth.
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Although only two participants were in receipt of growth hormone in the TEMPeReD cohort (one in the PDCM

subgroup, and one in receipt of dialysis), these were not excluded from the analyses.

There remains opportunity to more greatly characterise each participant. The TEMPeReD study did not examine
pubertal status, bone age or developmental status, and nor did it report biochemical measurements of associated
hormones. From a nutritional point of view many vitamins and minerals have known enzymes that could have
been measured to gain a better understanding of how the enzyme-activity may or may not be different in

different nutritional states. Of particular interest may be selenoproteins as discussed above.

Within the thesis, kidney disease function was estimated using eGFR calculated, as per common clinical practice
but the modified Schwartz formula (152), but has well-recognised limitations. The main limitation is its potential
inaccuracy in the context of altered muscle mass from which creatinine is derived. The gold standard for
measuring kidney disease function (GFR) is inulin clearance, but this is highly impractical to use for routine
clinical care due to its intensity, invasiveness, and length of procedure, especially in children (342). There is
ongoing research to investigate the clinical use of endogenous markers other than creatinine; including cystatin
C. Cystatin C-based eGFR equations have been reported to be more reflective of true GFR in several adult
clinical studies (343) and in children (344). It is not routinely used in clinical practice and was not available for
the TEMPeReD study. Firstly, the cost of its measurement is much greater than that of creatinine (342), but

additionally, not all studies in children have demonstrated significant superiority of cystatin C in children (345).

Within the thesis, when conducting multiple comparisons p-values with and without a Bonferroni-correction
have been applied. Such correction may help in controlling for type 1 errors, but it may risk losing identification
of important changes that warrant further exploration although needed replication in large cohorts. Logically, in
paired analyses with the primary hypothesis tested (as in the interventional study changing selenium,
magnesium, and copper status), then correction should not be needed. Bonferroni-correction is considered very
conservative, but considered important to some statistician purests. In a similar fashion to Bonferroni-correction,
Yates correction of Chi-squared comparisons may also be applied to avoid over-estimate for statistical
significance in small sample sizes, but is also an conservative correction. In order to more roundly report the

results, both uncorrected and corrected values are reported.

10.13. FUTURE WORK

10.13.1. Collection of routine clinical data

Routine clinical data collection is essential if the paediatric nephrology community are to make progress in
improving care afforded to children with CKD. Firstly, acquisition of data related to growth and nutrition in the
pre-dialysis, conservatively-managed population throughout the country (perhaps via the Renal Registry) would
allow for an understanding of the current status of these children, and a beginning of understanding how these
children are clinically managed. In an area of little evidence, large cohort studies such as this describe will be
able to highlight clinical practice associated with better outcomes, and act to highlight areas of research interest
in this area. This would have the added benefit of identifying groups or clinical units with outlying populations,
and exploring these outliers may be able to direct optimal care. For example, if unit ‘A’ has growth data much

better than other units, further analysis of the care given may point towards optimal care.
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Locally, this routine collection of data would facilitate reflection upon local practice to increase the likelihood

for following current clinical practice guidelines, for example.

Similar national data collection programmes have been introduced into epilepsy, asthma, diabetes, and in the
neonatal and paediatric intensive care departments in addition to the UK Renal Registry (focused on end-stage
disease). Locally, at Southampton Children’s Hospital the research database developed for the TEMPeReD study

will have ongoing refinement and development with subsequent deployment into routine clinical care.

10.13.2. Dietary intake data

The current clinical methodologies in acquiring dietary data are flawed in that the number of days diet analysed
is limited and unlikely to represent true intake of vitamins and minerals in which foodstuffs that may be high in
concentration are infrequently eaten. Methods for the clinical assessment of dietary intake need to be developed
and validated. This may take the form of food frequency questionnaires. Alternatively, the development of
biological markers of dietary intake and/or status could negate the need for diet histories for particular nutrient
assessment — and could be focused on the concordance with nutritional prescription and counselling. For
example, 24-hour urinary sodium excretion reflects sodium intake (254) — although this would not be practical

for all the children within a clinic.

10.13.3. Vitamin and mineral status and requirements

Within the TEMPeReD study, elevated plasma vitamin A and vitamin E concentrations were almost universal,
even in those with mild-to-moderate disease severity (PDCM). The impact of such elevations are not known, and
requires further mechanistic study. Included in these experiments, researchers should examine for potential
deleterious association of elevated vitamin E on vitamin K status, vitamin K-dependent proteins’ activities. This
may include vascular calcification and increase risk of cardiovascular disease and CKD progression; altered

immunity; and effects on bone health and growth.

As discussed previously, the markers vitamin and mineral status have not been validated in children with CKD,

and these must be revisited, with the exploration of biomarkers that truly reflect status.

Balance studies (or similar) to ascertain the true requirements for children with CKD should facilitate the
composition of meaningful clinical practice guidelines. These should include the analysis of additional losses of
vitamins and minerals in dialysis effluent and the effect of potentially altered requirements in those on
immunosuppressive regimens and in-receipt regular broad-spectrum or urinary tract infection prophylactic
antibiotics (potentially mediated through alter changes in the microbiome). For some vitamins and minerals
(selenium, for example), more research is also required in healthy individuals in which requirements in the

general population may truly be greater for optimal health, not just the avoidance of overt disease.

As part of these studies, further time-limited trials of supplementation in the paediatric CKD cohort would be
useful in exploring the role of specific nutrient requirements. Some supplementation trials that may have promise
include vitamins and minerals linked to the defence against oxidative stress as discussed earlier, and potentially
B-vitamins and glycine with regards to CKD-related anaemia and erythropoietin dosing in both pre-dialysis, and

dialysis patients.
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There is a recognised need for a nutritionally complete vitamin and mineral supplement that is suitable for
children and young people with kidney disease disease, but the supplement tested in this thesis was not

acceptable to the population that it was intended for despite previous work performed by the industrial partner.

10.13.4. Obesity and adiposity

Future research is needed to evaluate the optimal definition of obesity in children and young people with CKD
so that specific goals / targets may be created and tested to improve patient outcomes. In the first instance,
collection of these data at the level of national registries and examining associations with outcomes over time
may be the first step towards this. Additionally, evaluation of WHIR, for example, as related to body
composition analysis (bioelectrical impedance analysis and cross-sectional imaging analysis) as a proxy measure

for adiposity, in addition to other associated markers of cardiovascular risk such as lipid studies.

10.13.5. Appetite

The structured appetite assessment questionnaire developed within this thesis should be further tested in larger,
multicentre cohorts of children and young people with CKD; including further validation studies. With removal
of the seventh question, and subsequent validation the questionnaire could potentially be used as a screening tool
for the wider nephrology clinic, and direct children and young people for further dietary and nutritional

assessment.

10.13.6. Health-Related Quality of life

Further exploration of factors that could be influencing HRQoL, especially those that are modifiable, is needed
with the aim to improve the HRQoL of our patients. It is not unreasonable to predict that the nutritional changes;
including dietary restriction found in CKD and changes of body composition may have a detrimental effect upon
HRQoL. Therefore, further studies analysing the impact would be valuable in order to optimise management
strategies to improve HRQoL. A larger multi-centre cohort would allow for exploration of different aetiologies
and the effect this may have on HRQoL in addition to minimising type 2 errors. Longitudinal studies of HRQoL
in this disease-group are also needed. Although there is cross-sectional data comparing treatment modalities, it
would be useful to know how an individual’s HRQoL changes with time; with the changing disease severity,
changing treatment modality, changing nutritional status, transitioning from paediatric to adult services. This
would facilitate the exploration of the ways different management strategies, including nutritional intervention
influence HRQoL. Finally, the emotional component of the HRQoL assessment presented here seemed most
strikingly different from healthy peers, and work focused on exploring the emotional health; including its
relationship to diet, nutrition and dietetic management should be undertaken. Such work could include a
qualitative study exploring the perceptions and opinions of children, young-people as their caregivers with

regards to the nutritional management of kidney disease, as this is an area lacking in the current literature.

The routine introduction of HRQoL as a measure in clinical care may allow for a more patient-focused approach
to care. If the multidisciplinary team is focused upon improving a patient-centred value, patients and their
families may be more engaged in decision-making, and those decisions may be more focused on improving

HRQoL rather than markers of disease, for example that may seem disconnected from day-to-day for families.
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10.13.7. Disease activity
Future work may include evaluation of the association of clinical outcomes and RDW in a larger cohort over a
longer timeframe; and exploration of the possible relationship between RDW and muscle mass (and functionality

such as handgrip strength).

In exploring the concept of disease activity, and the potential impacting role of nutrient availability and oxidative
stress, | have considered that the mitochondria may be the area of cellular activity that may prove key. With
altered supply of nutrients necessary for optimal function of the mitochondria interrupted, the usual process may

not work to the same efficiency.

Those with CKD have dysfunctional mitochondria and dysfunctional mitochondria contribute to the oxidative
stress that is present in the progressive kidney injury in CKD (346, 347). Measuring the functional capacity of

mitochondria ex vivo has been performed; demonstrating altered mitochondrial function in many disease states.

Mitochondria produce reactive oxygen species during the production of ATP, and thus are a source of oxidative
stress to the cellular machinery. Intra-mitochondrial redox imbalance may be one of the sources of reactive
species — that are elevated in CKD. Moreover, mitochondria may be particularly vulnerable to any imbalance
oxidative state as they are a site of reactive species generation.

Mitochondrial dysfunction may be the result of alteration is one of the following:

® Kreb’s cycle efficiency;

® Respiratory chain efficiency;

® Mitochondrial membrane function;

® Control of oxidative stress and free radicals.

® Oxidative Stress in CKD

Even in the earlier, less severe stages of CKD (163) there are increased levels of markers of oxidative damage
(e.g., markers of lipid peroxidation, decreased levels of the antioxidant protein glutathione (GSH) (163, 348).
Moreover, the degree of imbalance worsens as disease severity increases and haemodialysis causes significant
oxidative strain on the body over and above the CKD itself (163). The reasons why those with CKD have
increased oxidative stress is not fully understood, but suggested mechanisms include deficiency in antioxidants
and chronic inflammation (349). Additional mechanisms in those receiving haemodialysis are increased
neutrophil activation (350) as well as the dialysis process itself (351). The increased oxidative stress causes

damage to the cellular machinery; triggering further inflammation, apoptosis, and kidney fibrosis.
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Figure 58. Generation of reactive species, glutathione’s role in controlling redox state and some of the
potential nutritional sensitive points.

In CKD, there is neutrophil activation, and increased inflammation with increased generation of
superoxide (O,), this may be converted into hydrogen peroxide (H,O,) by superoxide dismutase (SOD),
at which point it can be reduced to water (H,0) through the action of glutathione peroxidase (GPx)
with the oxidation of antioxidant protein glutathione. Superoxide may also react with nitric oxide (NO)
to form peroxynitrite (NOO") and hydrogen peroxide may form hydroxyl radicals (OH") or be converted
to hypochlorous acid (OCI’). The reactive species interact with the cellular machinery causing cellular
damage. If reacting with lipids, they cause lipid peroxidation, and the generation of more reactive
species driving the oxidative stress forward. Some micronutrients, such as copper, selenium and
riboflavin are required for enzyme function in these pathways. Vitamin C acts as an antioxidant within
the body, reducing free radical such as hydroxyl radicals and superoxide, and vitamin E also acts to
reduce free radicals, and due to its lipid soluble nature is important in protecting lipid membranes from
peroxidation. Abbreviations: ROS — Reactive oxygen species; IL — Interleukin; TNF — Tumour necrosis
factor; NADPH - Nicotinamide adenine dinucleotide phosphate; SOD — Superoxide dismutase; MPO —
Myeloperoxidase; GSH — Glutathione; GSSH — Oxidised glutathione; GPx — Glutathione peroxidase;
FAD - Flavin adenine dinucleotide.
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Mitochondrial dysfunction has previously been explored in CKD, existing literature examining mitochondrial
dysfunction in muscle samples of those with CKD have reported decreased activity of mitochondrial enzymes
such as citrate synthase and hydroxyacyl-CoA dehydrogenase (352). In animal models, CKD-associated
sarcopenia in a murine model was preceded by a decrease in mitochondria number. Exercise testing of adult HD
patients has demonstrated impaired the rates of recovery of both phosphocreatine and intracellular pH in skeletal
muscle (353). Moreover, the slower recovery of the phosphocreatine relative to blood flow as assessed by near

infrared spectroscopy (354) supports mitochondrial dysfunction in skeletal muscle of CKD patients.

Previous studies by Granata (346) and Rao (347) have examined mitochondrial function in peripheral blood
mononuclear cells; demonstrating increased levels of oxidative stress; mtDNA damage, and decreased

mitochondrial activity.

In a five-sixths nephrectomy murine model of CKD, administration of mitoTempo (a superoxide dismutase
mimetic) improved body weight, kidney function (serum creatinine), kidney fibrosis (histological appearance,
TGF-p, fibronectin, connective tissue growth factor (CTGF), plasminogen activator inhibitor-1 (PAI-1)
expression), pro-inflammatory cytokine mRNA expression (IL-6, TNF-a, MCP-1, and IL-1B), and oxidative
stress (superoxide dismutase-2 (SOD2) activity, mitochondrial and serum malondialdehyde (MDA), and total
SOD concentrations (355).

This research suggests that the observed oxidative stress in CKD is of mitochondria origin and potentially
amenable to manipulation. Despite this, supplementation studies in human subjects are far from conclusive in

their results.

The mitochondrial stress test examines the mitochondrial oxygen consumption with the addition of inhibitor and
promoters to different elements of the electron transport chain (oligomycin — a mitochondrial ATP-synthase
inhibitor; carbonyl cyanide-4-(trifluoromethoxy) phenylhydrazone (FCCP) —an ionophore that shuttles hydrogen
ions across the mitochondrial membrane, uncoupling ATP synthesis from oxygen consumption; Antimycin A —a
complex Il inhibitor). Tissue substrates for this method include peripheral blood mononuclear cells, and muscle

fibres obtained through biopsy.

Proposed research questions to be answered and proposed experiments to be undertaken:

® Does the mitochondrial function (as assessed by mitochondrial stress test) of circulating monocytes in
children with CKD differ to that of healthy controls?

I would hypothesise that the findings discussed above would be reflected in this methodology of mitochondrial
function assessment with diminished mitochondrial function in those with CKD compared to healthy peers. This
question may be answered through the undertaking of a mitochondrial stress test on samples of peripheral blood
mononuclear cells from a cohort of patients with CKD with comparison with a group of healthy controls.
Selection of a group containing varying degrees of kidney impairment would allow for the determination of a
correlation between severity of disease and degree of mitochondrial dysfunction.

® Are urine-derived cells a viable source of mitochondria that may be assessed for mitochondria

dysfunction?
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Firstly, a method of the collection of urine-derived cells with preparation for mitochondria function analysis
must be developed. The viability of this method may be tested with a selection of healthy volunteers. If proved
viable (adequate yield of viable cells) with normal mitochondrial function in these healthy controls, a group of
urine-producing patients with CKD could be evaluated. Urine-derived cells may have the advantages of firstly

not requiring venesection, and secondly may more accurately reflect intra-kidney mitochondrial function.

® Does the mitochondrial function of circulating monocytes reflect the function of mitochondria within

the kidney in children with CKD?
Comparison between mitochondrial function in sample peripheral blood mononuclear cells, biopsy-derived
kidney tissue, and urine-derived cells. Collection of biopsy tissue from human subjects may prove challenging in
the first instance, and so a comparison test could initially be performed on animals. Excess tissue acquired for
diagnostic purposes, could be used — although the more common indications of kidney biopsy (steroids resistant
nephrotic syndrome, nephritis) are likely to influence mitochondrial function over-and-above degree of kidney

impairment.

e If dysfunctional, what nutritional measures could be employed to improve the functioning of these
mitochondria?

This could include the improving the availability of substrates and cofactors needed for the Krebs cycle; the

electron transport chain (e.g., coenzyme Q10); mitochondrial membrane function/integrity; and the control of

oxidative stress and free radicals (e.g., anti-oxidants vitamins). Experimental design for this may include

interventional trials.

Although work to date has focused on a possible pharmacological ‘silver bullet’ in improving the function of the
mitochondria, or the use of nutrients as antioxidants. Other variables are likely to affect the function. Importantly
this included the availability of various nutrients, including those involved in the Krebs cycle (such as B-
vitamins). Experimentation is first needed to explore how the availability of such nutrients to dysfunctional
mitochondria may improve their function through, for example, increasing efficiency of the Krebs cycle, and

respiratory chain.

The role of coenzyme Q10 in CKD has begun to be examined, but those with a primary co-enzyme Q10
deficiency present a nephrotic syndrome initially, and therefore it is questionable whether established CKD
mitochondrial dysfunction may be ‘cured’ by such therapy. It may be that co-enzyme Q10, may represent an
incremental improvement in mitochondrial function in this clinical scenario, and that other measures, acting
through different mechanisms can also improve the mitochondrial function can summate to ‘normalise’

mitochondrial function and ameliorate the progression of disease.

A readily accessible biomarker that can be used clinically that reflects mitochondrial function may prove useful
in understanding what is happening within the individual’s kidney and be used to tailor therapy. If mitochondrial
function as assessed by a given approach is the marker of disease activity and is demonstrated to be nutritionally
sensitive, it is not clinically useful if the patient (especially a paediatric one) needs to undergo a kidney biopsy.
As CKD is a systemic disease, it may be mitochondrial function in other, readily accessible, tissues correlated

with kidney mitochondrial function. Monocyte mitochondrial function has been examined. Therefore, evaluation
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of monocyte mitochondrial function may represent a first step in a clinical translational measure of mitochondria

function in the paediatric population.

Previous research (348, 356) examining the response altering mitochondrial redox state suggests that pushing the
redox scales too far may result in reductive stress with impairment of function. Kirkman et al’s healthy controls
had evidence of impaired vascular function when mitoTempo (a mitochondrial-specific superoxide scavenger)
was administered (348). This might explain the increase in all-cause mortality observed in vitamin E
supplementation trials — administration may be beneficial to some with a tendency to oxidative stress, but in
those in redox balance, over-reduction may have had unintended consequential impaired function. If this is the

case, individual assessment targeting may prove the correct course of action.

10.14. SUMMARY AND CONCLUDING REMARKS
This thesis explores the variation of clinical outcomes, nutritional status, disease severity, and disease activity in
children and young people with CKD. Variation in nutritional status, HRQoL and proposed markers of disease

activity are not solely-related to disease severity as determined by eGFR.

The work contained within this thesis adds to the scientific literature through:
® |ts exploration of growth within a regional paediatric nephrology clinic using information technological
systems;
® Collation and interrogation of the existing literature on the vitamin and mineral status of children and

young people with pre-dialysis, conservatively-managed CKD;

® Reporting the dietary intake using current clinical methodologies, vitamin and mineral blood
concentrations, anthropometry, and health-related quality of life of a cohort of children with CKD;

® Exploration of appetite using a novel appetite assessment questionnaire;

® Exploration of two putative markers of disease activity.

Additionally, the work highlights the importance of acceptability and palatability of vitamin and mineral
supplements and has aided in the development of a commercially available product in the future.
Finally, I have discussed areas in which researchers should direct their attention in order to better understand

nutrition in the context of paediatric CKD and for clinicians to supply the optimal care for their patients.
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11. APPENDICES

11.1. ANTHROPOMETRIC AND CLINICAL METHODOLOGIES

Basic clinical and anthropometric data were collected; including height, weight, waist circumference, and BMI
and waist circumference-to-height ratios calculated. Definition of stunting was taken as HtSDS <-2. Definitions
of obesity were BMI SDS >2; MUAC SDS >2 or >25cm (270); and a WHtR >0.5 (75).

11.1.1.  Assessment of deprivation

As a marker of deprivation, Income Deprivation Affecting Children Index (IDACI) scores were calculated using
participants’ postcodes. United Kingdom Department of Communities and Local Government data (2015) via
the online platform that provides a selection of official statistics and data outputs on a variety of themes related

to the department of Communities and Local Government (http://opendatacommunities.org).

11.1.2. Body Mass Index (BMI)
Body mass index (BMI) was calculated using the following equation.
Weight (k
BMI = ————F—— ght (kg)

(Height (m) )?
11.1.3.  Standard Deviation Score (SDS)
For comparison of anthropometric measurements of different children of different sexes and ages, standard
deviation scores (SDS) were calculated using the formula below. The standard upon which the measurement is
compared for height, weight, and BMI is the World Health Organisation (WHO) growth charts 1996 (27).

DS = Measured Value — Value at 50th percentile for standard

Standard deviation of the standard

For the follow-up data, a change in height SDS of 0.2 was a priori determined to likely represent a true deviation
in SDS.

11.1.4.  Kidney Function
Kidney function was estimated using readily available serum creatinine measurement and height with subsequent

estimated Glomerular Filtration Rate (eGFR) using the Schwartz formula (152).

CER (i s 40 x Height (cm)
e (ml/min/1.73m") = Serum Creatinine (mmol/l)

Kidney function is stratified depending upon GFR as per international agreed criteria (357), and is displayed

below.
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Table 42. KDIGO classification of CKD stage.

CKD Stage GFR (ml/min/1.73m?) Description

1 >90 Normal or high

2 60-89 Mildly decreased™

3a 45-59 Mildly-to-moderately decreased
3b 30-44 Moderately-to-severely decreased
4 15-29 Severely decreased

5 <15 Kidney failure

5D In receipt of dialysis In receipt of dialysis

In the absence of kidney damage, neither GFR stagel or 2 fulfill the criteria of CKD. *compared to young

adults.

11.1.5.  Normal Reference Ranges

Table 43. Normal Reference Ranges for children and young people aged 4 to 18 years.

Nutrient Normal Reference Range
Sodium 133-146 mmol/I
Potassium 3.5 5.0 mmol/I
Corrected Calcium 2.2-2.6 mmol/|
Magnesium 0.7-1.0 mmol/Il
Inorganic Phosphate 0.9-1.8 mmol/I
Ferritin 10-170 pg/l
Copper 12-26 pmol/l
Zinc 11-24 umol/1
Whole Blood Manganese 73-210 nmol/I
Selenium 0.7-1.7 umol/1
Vitamin A 0.9-1.7 umol/1
Vitamin E 10-21 umol/1
Vitamin B12 >130 ng/l
Folate 2.9-20.6 ng/l
Vitamin C 11-114 pmol/Il
Vitamin B6 30-144 nmol/I
Vitamin D >50 nmol/Il

11.1.6. Red cell distribution width (RDW)

Standard Deviation of Mean corpuscular volume
RDW = x 100
Mean corpuscular volume (MCV)

The normal reference range for RDW is 11.3 to 14.8%.

11.1.7.  Urinary Neutrophil Gelatinase-Associated Lipocalin (UNGAL)
NGAL in urine was measured in duplicate by sandwich enzyme linked immunosorbent assay (ELISA),
(Bioporto Diagnostics and supplied by Alpha Laboratories). The normal value of uUNGAL 95" percentile of

healthy individuals has been proposed (129) and varies depending upon age and sex. To control for the variation,
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and setting UNGAL concentrations greater than the 95" percentile as lying outside the normal range, the
percentage of the 95™ centile for UNGAL was calculated. This means that these calculated values greater than
100% are considered elevated.

NGAL %05 e — Measured [uNGAL] % 100
u b percentile = [uNGAL]representing the 95th percentile
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11.2. ADDITIONAL TABLES AND FIGURES FOR REVIEW OF LITERATURE OF THE MICRONUTRIENT STATUS OF
CHILDREN WITH CHRONIC KIDNEY DISEASE
11.2.1.  Search Strategy for Vitamin E

# Database Search term Results

1 Medline (paediatric* OR pediatric* OR child OR children 2008684
OR infan* OR neonat* OR newborn OR adolesc*
OR teenag* OR (young* ADJ3 (people OR person
OR adult*))).ti,ab

2 Medline ((Chronic OR Fail* OR injur* OR "end stage" OR 261842
"replacement therapy” OR transplant*) ADJ3
(kidney OR renal)).ti,ab

3 Medline (uraemi* OR uremi* OR ((urea ADJ2 blood) AND 36335
(elevat* OR high* OR excess*))).ti,ab

4 Medline (haemodialysis OR hemodialysis OR "peritoneal 88022
dialysis").ti,ab

5 Medline (20R30R4) 335849

6 Medline (1 AND 5) 26080

7 Medline ("vitamin E" OR "a-tocopherol* OR "alpha-40595

tocopherol" OR "tocopherol" OR "tocopherols" OR
"tocotrienols™).ti,ab

8 Medline (6 AND7) 37

9 EMBASE (paediatric* OR pediatric* OR child OR children 2434380
OR infan* OR neonat* OR newborn OR adolesc*
OR teenag* OR (young* ADJ3 (people OR person
OR adult*))).ti,ab

10 EMBASE ((Chronic OR Fail* OR injur* OR "end stage" OR 374200
"replacement therapy" OR transplant*) ADJ3
(kidney OR renal)).ti,ab

11 EMBASE (uraemi* OR uremi* OR ((urea ADJ2 blood) AND 43742
(elevat* OR high* OR excess*))).ti,ab

12 EMBASE (haemodialysis OR hemodialysis OR "peritoneal 116698
dialysis").ti,ab

13 EMBASE (100R110R 12) 464840

14 EMBASE (9 AND 13) 40076

15 EMBASE ("vitamin E" OR "a-tocopherol* OR "alpha-46338

tocopherol” OR "tocopherol" OR "tocopherols" OR
"tocotrienols").ti,ab

16 EMBASE (14 AND 15) 48
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11.2.2.  Search Strategy for Selenium

# Database Search term Results

1 Medline (paediatric* OR pediatric* OR child OR children 2008684
OR infan* OR neonat* OR newborn OR adolesc*
OR teenag* OR (young* ADJ3 (people OR person
OR adult*))).ti,ab

2 Medline ((Chronic OR Fail* OR injur* OR "end stage" OR 261842
"replacement therapy” OR transplant*) ADJ3
(kidney OR renal)).ti,ab

3 Medline (uraemi* OR uremi* OR ((urea ADJ2 blood) AND 36335
(elevat* OR high* OR excess*))).ti,ab

4 Medline (haemodialysis OR hemodialysis OR “peritoneal 88022
dialysis").ti,ab

5 Medline (2OR30R4) 335849

6 Medline (1 AND 5) 26080

7 Medline (selenium OR selenoprotein  OR “glutathione 35458

perioxidase" OR GPx).ti,ab

9 EMBASE (paediatric* OR pediatric* OR child OR children 2434380
OR infan* OR neonat* OR newborn OR adolesc*
OR teenag* OR (young* ADJ3 (people OR person
OR adult*))).ti,ab

10 EMBASE ((Chronic OR Fail* OR injur* OR "end stage" OR 374200
"replacement therapy" OR ftransplant*) ADJ3
(kidney OR renal)).ti,ab

11 EMBASE (uraemi* OR uremi* OR ((urea ADJ2 blood) AND 43742
(elevat* OR high* OR excess*))).ti,ab

12 EMBASE (haemodialysis OR hemodialysis OR "peritoneal 116698
dialysis").ti,ab

13 EMBASE (100R 11 0R 12) 464840

14 EMBASE (9 AND 13) 40076

15 EMBASE (selenium OR selenoprotein  OR “glutathione 43212

peroxidase" OR GPx).ti,ab

16 Medline (6 AND 7) 24

17 EMBASE (14 AND 15) 32
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11.2.3.

Synthesis Tables for Vitamin E and Selenium Literature Reviews.

Table 44. Literature of Dietary Intake of Micronutrients in Paediatric Chronic Kidney Disease

Author Year (n'?gaen) ,g%e ( r:;g; ¢ Country [S(};E] ([:P}TD? E:HKDD] Controls Findings / Comments:
Vitamin E
Coleman and 1992 6.1 ) 03-126 UK ) 5 ) ) Dietary intake of seven childrgn on PD as assessed by three-day Qietary, and six out of seven
Watson reported intakes greater than recommended intakes.
Drukker et al 1988 10.9 45 3-19 Israel 10 10 - 10 All treatment groups within the normal reference range and no different from one another.
Vitamin E supplementation (400 1U/day for 2 months) resulted in a significant decrease in
Farid et al 2009 14.2 2.1 6-16 Egypt 12 - 22 34 markers of lipid peroxidation. Vitamin E status not reported of individuals.
lughetti et al 2008 1 4.6 - Italy - - 8 - No different from healthy controls.
High prevalence of elevated vitamin E, and higher average concentrations; suggesting the
possibility of a ‘dose-response’ relationship between disease severity and vitamin E, although
Joyce et al 2018 9.4 6.6 - UK - 19 28 - in these data correlation was not statistically significant (p=0.059).
Abstract at conference. In addition to subcutaneous erythropoietin, folic acid, and iron, oral
vitamin E 200 u/day for 3 months resulted in significantly higher concentrations of
haemoglobin (Hb=11.4+/-1.7 vs. 10.1+/-1.9 g/dl and Hct=35.3 +/-5 vs. 31.3+/-6%, P<0.05).
Modarressi et al 2012 - - - - - - 15 - Although vitamin E status, and other factors are not explored.
Serum vitamin E concentrations are more likely to be low than normal or elevated with 72%
low (as defined as <3, 6, and 5 pg/ml for children, teenagers and adults, respectively). 21%
were within the normal reference range and 7% high (>9, 10 and 18ug/ml, respectively). For
. their HD patients (n=25), 84% had low concentrations, 12% normal, and 4% high. A similar
picture was observed in their PD patients (67% low, and 33% normal). High mortality rate.
Naseri et al 2015 13.8 6.3 1.6-25 Iran - 12 25 Those with low vitamin E concentrations did not have a higher incidence of death (p=0.175).
Supplementation trial HD patients and demonstrated a lack of the increase in oxidative stress
- induced by rhEPO and a more rapid increase in haemoglobin compared to the same patients
Nemeth et al 2000 15.2 3.2 7-17 Hungary - - 10 without supplementation. Vitamin E status not reported.
Controls were children with non-FSGS renal disease. Supplementation trial. A significant
improvement in proteinuria is reported in the FSGS group with no change in those of other
Tahzib et al 1999 12.9 1.2 - USA 11 0 0 9 aetiology following supplementation with 200 1U twice-daily for three months. The authors
do not report the vitamin E status of the children. No change in eGFR was observed,
although the length of the study was perhaps not long enough for this to be appreciable.
Conservatively-managed children report lower plasma and erythrocyte concentrations
compared to a control group (p<0.001). The authors additionally measured dialysate
46 concentrations of vitamin E, but unfortunately units for this measure are missing from the
manuscript (0.123 SD+0.019). This same study report vitamin A concentrations that are
Zwolinska et al 2006 12.9 - - Poland - 21 27 lower than those of healthy controls — questions validity.
Vitamin E
Zwolinska et al 2009 13.2 35 - Poland ) 10 - 27 Loss of vitamin E in the ultrafiltrate.
Selenium
Serum selenium concentrations lower in dialysis patients. No difference in conservatively-
Esmaeili et al. 2019 12.7 ) 5.18 Iran 14 5 63 78 managed CKD (mean GFR = 8 ml/min/1.73m2) compared to healthy controls. Average

concentration of the group with the lowest selenium concentration (CAPD, 100.44 ug/l) is
within the normal reference range, so the clinical significance of this statistical difference
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requires further exploration. The study does not explore the role of dietary intake.

Joyce et al, 2018.

2018

9.4

6.6

UK

19

28

65% achieved normal ranges of selenium, with low concentrations reported in 28%, and high
in 7%. As in the above studies, dietary intake and dialysis losses are not characterised to
understand the variation in those children and young people whose concentrations lay outside
of the normal reference range.

Ortac et al,

2006

111

4.4

Turkey

32

42

19

34

Hair selenium concentrations and GPx activity were significantly lower in those with CKD
compared to the control group. No correlation with disease severity (GFR) for either hair
selenium concentrations or GPx activity, and a lack of agreement between hair selenium and
GPx activity. Control group had a mean GFR of 84ml/min/1.73m2, which is not normal. The
authors do not describe the selection process of the control group.

Sommerburg et al.

2002

Abstract only. GPx activity in a cohort of children on HD. The authors report GPx in this
cohort as almost twice as high than their other analysed groups. The selenium status of the
children are not reported.

Zwolinska et al.

2004

12.0

Poland

46

21

27

Concentrations of selenium both in plasma and erythrocyte were lower in those with CKD
compared to healthy controls. Comparing less or more severe disease (serum creatinine
above or below 265.3umol/l), no difference was reported. Average plasma values for the
more severe disease group was 0.87 pmol/l (SD+ 0.12) within the range found in the general
population. This study did not evaluate dietary selenium intake.

Zwolinska et al.

2006

13.6

Poland

21

10

27

Plasma and erythrocyte concentrations) in dialysis patients are lower compared to the control
group, but with mean value within the normal reference range (0.74 pmol/I compared to 1.07
pmol/1). Change in plasma and erythrocyte selenium concentration before and shortly after
starting HD were significantly different, suggesting possible losses, although the effluent was
not analysed. No dietary characterisation.
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Risk of Bias Assessment of Literature Reviewed
Newcastle-Ottawa Quality Assessment Scale Results

Study Details Selection Comparability Exposure Total Score Score > 7? 0=no,
(maximum score | (maximum score | (maximum score | (maximum score | 1=yes.
=4) =2) =3) =9)

Coleman and Watson, 1992. > x> * 4 0

(176)

Drukker et al, 1988. > * ok 6 0

(79)

Esmaeili et al, 2019. > * 3 0

(214)

Farid et al, 2009. * * 2 0

(201)

lughetti et al, 2008. > * i 6 0

(189)

Joyce et al, 2018. * * > 4 0

(80)

Modarressi et al, 2012. * 1 0

(200)

Naseri et al, 2015. * * * 3 0

(78)

Nemeth et al, 2000. * * 2 0

(203)

Ortac et al, 2006. > * 3 0

(213)

Sommerburg et al, 2002. * 1 0

(358)

Tahzib et al, 1999. * * 2 0

(198)

Zwolinska et al, 2004. > o 5 0

(217)

Zwolinska et al, 2006. ** ek 5 0

(181)

Zwolinska et al, 2006. > o 5 0

(216)
> ok 5 0

Zwolinska et al, 2009.
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11.3. ADDITIONAL TABLES AND FIGURES FOR THE GROWTH AND ANTHROPOMETRY OF THE TEMPERED COHORT.
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Figure 59. Height Standard Deviation Score Versus Body Mass Index Standard Deviation Score for the Pre-dialysis,

Conservatively-Managed subgroup (n=46).

(1). Black circles represent those that are stunted (Height SDS <-2), and triangles those that are obese (BMI SDS >2). Line
of best fit is shown with 95% confidence intervals (dotted red line). There was a correlation between the two measures
(Spearman’s rho=0.568, p<0.0005). (2). There is no clear pattern with regards to sex distribution (male= blue circles,
females = pink circles). (3) There is no clear pattern with aetiology of CKD.



11.4. ADDITIONAL TABLES AND FIGURES OF THE DIETARY INTAKE OF THE TEMPERED COHORT.

Table 45. Absolute intake and percentage of recommended intake of a cohort of children within the pre-dialysis,

conservatively-managed CKD subgroup (n=46).

Nutrient Mean intake + SD Mean dietary intake;
(i-median intake £ IQR) % of recommended intake (x SD)

Energy (kcal/d) 1510 + 593 89.6 (+ 40.9)

Protein (g/d) 1 45.7£25.9

Sodium (mg/d) i 1699 + 1073

Potassium (mg/d) i 1694 + 939 95.4 (£ 65.2)

Calcium (mg/d) 586 + 519

Magnesium (mg/d) I 151 + 85 95.1 (£ 67.9)

Phosphorus (mg/d) i 844 + 546

Vitamin A (mcg/d) § 504 + 436

Vitamin E (mg/d) 51+24

Riboflavin (mg/d) i 1.29+0.89

Folate (mg/d) 173.74 + 71.60

Iron (mg/d) i 7.80 £4.45 97.5 (£ 85.4)

Iodine (mg/d) § 82+ 73.5 85.9 (+ 65.3)

Selenium (mcg/d) I 27 £20.25 89.9 (£ 62.2)

Zinc (mg/d) 5.65 + 3.08 81.1 (+ 42.3)

Copper (mcg/d) 665 + 390

Manganese (mg/d) I 1.45+0.83

Thiamine (mg/d) § 1.26 £0.93

Niacin (mg/d) I 22.4+11.65

Vitamin B6 (mcg/d)} 1.28+£0.93

Vitamin C (mg/d) 58 +51.0

Vitamin B12 (mcg/d) § 2.1+2.83

Vitamin K (mcg/d) I 3+7 51.3 (£ 195)

Pantothenic acid (mg/d) 3.4+232

Biotin (mcg/d) 15.75+ 12.44

7 - non-parametric distribution, median and interquartile range reported.




Table 46. Mean nutrient intake of the TEMPeReD cohort (n=60) versus 100%RNI.

. . Range Rang FoIIowing_ Mean

Nutrient Mean | Median | IQR SD . e P-value Bonferroni .

min . - difference
high correction.

Energy 88.7 80.5 49 43 16 246 0.048* 1 -11.3
Protein 168.7 144 112 88 31 425 <0.0005* 0.0125 68.7
Sodium 168.4 1425 102 96 21 509 <0.0005* 0.0125 68.4
Potassium 89.5 72 50 60 14 319 0.184 1 -10.5
Calcium 110.6 85.00 68 87 7 532 0.351 1 10.6
Magnesium 87.7 69.5 60 63 13 372 0.133 1 -12.3
Phosphorus 139.9 120 90 83 27 517 <0.0005* 0.0125 39.9
Iron 91.2 75.5 53 77 24 592 0.381 1 -8.8
Copper 99.2 85 53 62 14 375 0.919 1 -0.82
Zinc 80.2 72 57 41 14 198 <0.0005* 0.0125 -19.8
Manganese 318.4 260.5 277 228 40 1320 | <0.0005* 0.0125 218.4
Selenium 87.7 70.5 101 60 3 253 0.117 1 -12.3
lodine 84.0 70.00 60 63 2 304 0.053 1 -16.1
Vitamin A 127.9 89.50 75 115 5 643 0.065 1 27.9
Vitamin E® 184.3 186 110 97 24 514 <0.0005* 0.0125 84.3
Thiamine 205.5 206.5 104 81 73 450 <0.0005* 0.0125 105.5
Riboflavin 127.2 114.5 94 80 14 391 0.011* 0.275 27.2
Niacin 263.2 250 122 106 81 641 <0.0005* 0.0125 163.2
Vitamin B6 179.8 165.0 70 71 51 458 <0.0005* 0.0125 79.8
Panto’ Acid® | 264.2 | 1115 57 237 0 980 0.013* 0.325 18.9
Biotin® 110.1 157.5 - 60 15 266 <0.0005* 0.0125 80.1
VI | use | % | 3% 1s7r |24 | 242 | 00005 | oo 164.2
Folate 180.1 100.5 73 115 11 638 0.198 1 10.1
Vitamin C 251.7 166 159 301 30 1849 | <0.0005* 0.0125 151.7
Vitamin K® 85.6 16.5 43 343 0 2657 0.745 1 -14.5

*Statistically significant difference. *As no defined RNI has been established, the following targets were used: Manganese target
intake was taken to be 16mcg/k/day; Vitamin E target was taken to be 0.4 as a ratio to PUFA intake; Pantothenic Acid intake target
was taken to be mg/day; Biotin intake target was taken 10mcg/day; Vitamin K intake target was taken to be 0.5mcg/k/day. One-
sample t-test (Compared to 100%).
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Figure 60. Percentages of the TEMPeReD cohort (n=60) with dietary intakes <LRNI, LRNI-RNI, RNI-excessive and >excessive levels.

N.b., Excessive defined as >200%RNI. Copper — no LRNI available for reference. Folate, B12, B6, Niacin, Riboflavin, thiamine — no excessive limit available for reference.




Table 47. Comparison of the TEMPeReD cohort (entire and pre-dialysis, conservatively-managed subgroup) with National Diet and Nutrition Survey data ages 4 to 10 years.

NDNS cohort Entire TEMPeReD Cohort (n=33) Pre-dialysis, conservatively-managed TEMPeReD Cohort (n=25)
NDNS NDNS SD Entire Entire T-value p-value p-value Cons Cons T-value p-value p-value
i mean cohort cohort SD (df) (corrected) cohort cohort SD (df) (corrected)
Nutrient
mean mean
1(526)= _
Energy 1462 317 1429 588 05368 0.592 1.000 1527 643 T(518) = 0.736 0.462 1.000
: 1(526)= -
Protein 54.1 13.2 49 23 2028 0.043* 0.516 51.2 23.6 T(518) =1.16 0.245 1.000
Vitamin A 599 457 701 649 t(fgg); 0.228 1.000 843.96 7335 T(518)=2.2 0.028* 0.336
. . t(526)= —
Riboflavin 1.45 0.53 1.23 0.81 5994 0.027* 0.324 131 0.85 T(518) =1.07 0.285 1.000
1(526)= _
Folate 183 63 154 71.4 5533 0.012* 0.144 173.09 72.15 T(518) =1.08 0.282 1.000
1(526)= _
Iron 8.2 2.6 8.61 8.15 0.7006 0.484 1.000 9.61 9.59 T(518) = 1.76 0.080 0.960
Calcium 781 270 707 515 t(izfz): 0.156 1,000 745.48 556.72 T(518) = 0.289 0.773 1.000
. t(526)= _
Magnesium 188 49 159 80 3.105 0.002* 0.024* 179.3 82.78 T(518) =1.15 0.250 1.000
Potassium 2115 520 1697 837 t(fggg: 0.000% <0.006* 1893.22 860.46 T(518) = 2.35 0.019* 0.228
: 1(526)= _
lodine 129 64 104 72 5114 0.035* 0.420 108.09 72.17 T(518) =1.42 0.155 1.000
. t(526)= —
Selenium 32 11 29 14 1716 0.087 1.000 30.35 13.58 T(518) = 0.65 0.516 1.000
. t(526)= _
Zinc 6.1 1.8 10.5 26 3685 0.000* <0.006* 12.65 30.97 T(518) = 4.37 0.000* <0.006*




Table 48. Comparison of the TEMPeReD cohort (post-transplant and receiving dialysis) with National Diet and Nutrition Survey data ages 4 to 10 years.

NDNS cohort Post-transplant TEMPeReD Cohort (n=5) Dialysis TEMPeReD Cohort (n=3)
NDNS NDNS SD Post-Tx Post-Tx T-value p-value p-value- Dialysis Dialysis T-value p-value p-value
Nutrient mean cohort cohort SD (df) corrected Cohort cohort SD (df) (corrected)
mean mean
Energy 1462 317 1184.20 266.54 T(498) = 1.952 0.051 0.612 1140.67 667.07 T(496) =1.738 0.083 0.996
. T(498) = _
Protein 54.1 13.2 55.60 21.14 02513 0.802 1.000 22.87 16.31 T(496) = 4.081 0.000* <0.006*
Vitamin A 599 457 341.60 75.92 T(498) = 1.258 0.209 1.000 378.67 189.43 T(§4393E29: 0.405 1.000
Riboflavin 1.45 0.53 1.18 0.82 T(498) =1.11 0.267 1.000 0.48 0.33 T(496) = 3.164 0.002* 0.024*
Folate 183 63 132.80 43.69 T(498) = 1.777 0.076 0.912 65.00 42.00 T(496) = 3.238 0.001* 0.012*
Iron 8.2 2.6 6.96 1.90 T(498) = 1.063 0.288 1.000 5.03 1.42 T(496) = 2.108 0.035* 0.420
Calcium 781 270 682.40 453.87 Té“sgogg; 0.420 1.000 270.67 162.50 T(496) = 3.268 0.001* 0.012*
Magnesium 188 49 130.60 48.85 T(498) = 2.606 0.009* 1.000 68.00 36.76 T(496) = 4.233 0.000* <0.006*
Potassium 2115 520 1536.2 506.26 T(498) = 2.477 0.014* 0.168 647.00 518.82 T(496) = 4.875 0.000* <0.006*
. T(498) = _
lodine 129 64 118.00 84.34 0.3813 0.703 1.000 34.00 34.18 T(496) = 2.567 0.011* 0.132
. T(498) = _
Selenium 32 11 29.00 15.00 0.6047 0.546 1.000 11.33 9.07 T(496) = 3.247 0.001* 0.012*
. T(498) = _
Zinc 6.1 1.8 6.70 2.03 0.7408 0.459 1.000 3.90 2.52 T(496) = 2.106 0.036* 0.432




Table 49. Comparison of the TEMPeReD cohort (entire and pre-dialysis, conservatively-managed subgroup) with National Diet and Nutrition Survey data ages 11 to 18 years.

NDNS cohort Entire TEMPeReD Cohort (n=27) Pre-dialysis, Conservatively-managed TEMPeReD Cohort (n=21)
Nutrient NDNS NDNS SD Entire Entire T-value P=value p-value Cons Cons T-value p-value p-value
mean cohort cohort SD (df) (corrected) cohort cohort SD (df) (corrected)
mean mean
_ T=(576) =
Energy 1779 526 1607.07 725.57 T(573) = 1.625 0.105 1.000 1507 577 2314 0.021* 0.253
. _ T=(576) =
Protein 67.1 24.2 55.70 22.83 T(573) = 2.395 0.017* 0.203 52.06 23.15 2799 0.005* 0.064
L T(573) = T=(576) =
Vitamin A 626 475 601.07 462.90 0.2665 0.790 1.000 570.05 480.32 05295 0.597 1.000
. . _ T=(576) =
Riboflavin 1.48 0.73 1.32 0.76 T(573)=1.112 0.266 1.000 1.34 0.81 0859 0.391 1.000
_ T=(576) =
Folate 208 91 177.52 85.90 T(573) = 1.703 0.089 1.000 179.38 73.83 1423 0.155 1.000
_ T=(576) =
Iron 9.6 33 8.21 3.48 T(573)=2.124 0.034* 0.409 8.65 3.21 1206 0.196 1.000
. _ T=(576) =
Calcium 706 293 637.74 307.70 T(573) = 1.179 0.239 1.000 600.95 317.96 1607 0.109 1.000
. _ T=(576) =
Magnesium 215 75 166.00 64.84 T(573) = 3.333 0.001* 0.011* 160.57 59.26 3086 0.001* 0.013*
Potassium 2358 770 1896.15 793.76 T(573) = 3.038 0.002* 0.030* 1795.67 675.03 T=§5279%) - 0.001* 0.012*
. _ T=(576) =
lodine 126 87 80.26 47.81 T(573)=2.71 0.007* 0.083 75.76 675.03 2628 0.009* 0.106
. _ T=(576) =
Selenium 42 20 28.48 19.25 T(573) =3.435 0.001* 0.008* 26.67 19.48 3.45 0.001* 0.007*
: _ T=(576) =
Zinc 75 2.8 5.68 2.76 T(573) = 3.297 0.001* 0.012* 5.53 2.50 3175 0.002* 0.019*




Table 50. Comparison of the TEMPeReD cohort (post-transplant and receiving dialysis) with National Diet and Nutrition Survey data ages 11 to 18 years.

NDNS cohort Post-transplant TEMPeReD Cohort (n=5) Dialysis TEMPeReD Cohort (n=2)
Nutrient NDNS NDNS SD Post-Tx Post-Tx T-value p-value p-value- Dialysis Dialysis T-value p-value p-value
mean cohort cohort SD (df) corrected Cohort cohort SD (df) (corrected)
mean mean
Energy 1779 526 2157.80 1103.83 T(fgg = 0.105 1,000 1162.50 306.18 T(548) = 1.66 0.098 0.606
: T(573) = _
Protein 67.1 24.2 66.68 19.28 2305 0.017* 0.204 67.60 13.72 T(548) =0.03 0.977 1.000
A T(573) = _
Vitamin A 626 475 760.40 444.06 0.2665 0.790 1.000 321.50 190.21 T(548) = 0.91 0.366 1.000
: : T(573) = _
Riboflavin 1.48 0.73 1.37 0.62 1112 0.266 1.000 0.77 0.18 T(548) = 1.37 0.170 1.000
T(573) = _
Folate 208 91 184.20 139.02 1703 0.089 1.000 93.00 16.97 T(548) =1.79 0.075 0.900
T(573) = _
Iron 9.6 33 7.38 4.40 2124 0.034* 0.408 3.50 0.28 T(548) = 2.61 0.009* 0.108
. T(573) = _
Calcium 706 293 839.60 194.61 1179 0.239 1.000 460.00 83.44 T(548) =1.19 0.236 1.000
Magnesium 215 75 196.60 89.81 T(573) =3.333 0.001* 0.012* 128.50 212 T(548) =1.63 0.104 1.000
Potassium 2358 770 2433.20 1149.26 T(573) = 3.038 0.002* 0.024* 1576.50 361.33 T(548) =1.43 0.152 1.000
lodine 126 87 110.00 14.34 T(573)=2.71 0.007* 0.084 61.00 49.50 T(548) = 1.06 0.292 1.000
Selenium 42 20 36.00 20.53 T(573) = 3.435 0.001* 0.012* 26.50 3.54 T(548) = 1.10 0.274 1.000
Zinc 75 2.8 6.60 4.07 T(573) = 3.297 0.001* 0.012* 3.95 0.49 T(548) = 1.79 0.074 0.888




11.5. ADDITIONAL TABLES AND FIGURES OF THE BLOOD CONCENTRATIONS OF THE TEMPERED COHORT.

Table 51. Correlations between dietary intake and blood concentrations within the pre-dialysis, conservatively-managed
subgroup (n=46).

Nutrient Spearman’s rho p-value
Sodium -0.056 0.724
Potassium -0.011 0.947
Calcium / albumin-adjusted calcium 0.048 0.763
Magnesium 0.231 0.156
Phosphorus / inorganic phosphate 0.165 0.296
Iron / Ferritin 0.124 0.446
Copper -0.005 0.976
Zinc -0.189 0.231
Selenium 0.224 0.154
Manganese / whole blood manganese 0.180 0.301
vitamin A / total retinol 0.039 0.806
Vitamin E: PUFA ratio / total tocopherols -0.004 0.978
Vitamin B6 / PLP 0.325 0.050*
Folate 0.474 0.005*
Vitamin B12 0.292 0.067
Vitamin C 0.163 0.329

*- statistical significance, p<0.05.
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Figure 61. Intake of selenium, copper and manganese as a percentage of RNI compared to age in the pre-dialysis,
conservatively-managed subgroup (n=46).

Intake of selenium (1), copper (2), zinc (3) and manganese (4) as percentage of RNI plotted against age in the pre-dialysis,
conservatively-managed subgroup. Older children had lower intakes as expressed as a percentage of their requirements,
with strongest correlation between age and manganese intake (selenium: S.rho=-0.618; copper: S.rho=-0.324; zinc:
S.rho=-0.263; manganese: S.rho=-0.632).
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Figure 62. Intake of vitamin A (1) , vitamin E (2), and vitamin K (3) as percentage of requirements plotted against age in the
pre-dialysis, conservatively-managed subgroup (n=46).

Outlier of vitamin K intake >2000% excluded from graph. Older children had lower intakes as expressed as a percentage of
their requirements, but with less strong correlations than micro-minerals (vitamin A: rho=-0.364; vitamin E: rho=-0.210;
vitamin K: rho=-0.479; vitamin K with outlier excluded: rho=-0.450).

Intake of fat-soluble vitamins were lower in older children, with vitamin A and vitamin K intake demonstrating good
correlations with age (vitamin A: rho=-0.364, p=0.013; vitamin E: rho=-0.161, p=0.161; and vitamin K: -0.479, p=0.001).
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Figure 63. Intake of vitamin B12 and folate as a percentage of RNI versus age (n=46).

On analysis of the water-soluble vitamins, only vitamin B12, and folate demonstrated correlation with age (thiamine:
rho=0.175, p=0.243; riboflavin: rho=-0.227, p=0.130; niacin: rho=0.238, p=0.112; pantothenic acid: rho=0.113,
p=0.455; vitamin B6: rho=0.168, p=0.264; biotin: rho=0.009, p=0.955; vitamin B12: rho=-0.515, p<0.0005; folate: rho=-
0.413, p=0.004; vitamin C: rho=-0.180, p=0.231).

Intake of vitamin B12 (1), and folate (2) as percentage of RNI plotted against age in the pre-dialysis, conservatively-
managed subgroup. Older children had lower intakes as expressed as a percentage of their requirements. This was not seen
in other water-soluble vitamins (vitamin B12: rho=-0.515; folate: rho=-413).



11.6. PeDSQL™ - HRQOL ASSESSMENT TOOL
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PedsQL

___________________________________

Paediatric Quality of Life Inventory
Version 4.0 - English (United Kingdom)

TEENAGER REPORT (ages 13-18)

INSTRUCTIONS

On the following page is a list of things that might be a problem for you.
Please tell us how much of a problem each one has been for you over the
PAST MONTH by circling:

0 if it is never a problem
if it is almost never a
problem
if it is sometimes a problem
if it is often a problem
if it is almost always 2
problem




Over the PAST MONTH, how much of a
problem has this been for you...

PedsQL 2

ABOUT MY HEALTH AND ACTIVITIES (problems with..,) ~[Never — Almost Some-  Often  |Almost
Never  [times Always

1. Itis hard for me to walk more than a couple of streets (about [0 1 2 3 4

100 metres)

2. Itis hard for me to run 0 1 2 3 4

3. It is hard for me to do sports activities or exercise 0 1 2 3 4

4. 1t is hard for me to lift heavy things 0 1 2 3 4

5. It is hard for me to have a bath or shower by myself 0 1 2 3 4

6. Itis hard for me to do chores around the house 0 1 2 3 4

7. | have aches and pains 0 1 2 3 4

8. | feel tired 0 1 2 3 4

ABOUT MY FEELINGS (problems with...) Never  |Almost [Some- [Often  |Almost
Never  [times Always

1. | feel afraid or scared 0 1 2 3 4

2. | feel sad 0 1 2 3 4

3. | feel angry 0 1 2 3 4

4. | have trouble sleeping 0 1 2 3 4

5. 1 worry about what will happen to me 0 1 2 3 4

How | GET ON WITH OTHERS (problems with...) Never |Almost Some- Often  |Almost
Never  [times Always

1. I have trouble getting on with other teenagers 0 1 2 3 4

2. Other teenagers do not want to be my friend 0 1 2 3 4

3. Other teenagers tease me 0 1 2 3 4

4. | cannot do things that other teenagers my age can do 0 1 2 3 4

5. It is hard to keep up with other teenagers my age 0 1 2 3 4

ABOUT SCHOOL / COLLEGE (problems with...) Never |Almost Some- |Often  |Almost
Never  [times Always

1. Itis hard to pay attention in class 0 1 2 3 4

2. | forget things 0 1 2 3 4

3. | have trouble keeping up with my school / college work 0 1 2 3 4

4. 1 miss school / college because of not feeling well 0 1 2 3 4

5. I miss school / college to go to the doctor or hospital 0 1 2 3 4




ID#
Date:

PedsQL ™
Paediatric Quality of Life

Inventory

Version 4.0 English (United Kingdom)

PARENT REPORT for TEENAGERS (ages 13-18)

INSTRUCTIONS

On the following page is a list of things that might be a problem for
your teenager.
Please tell us how much of a problem each one has been for your teenager

during the past ONE month by circling:

0 if it is never a problem
if it is almost never &
problem
if it is sometimes a problem
if it is often a problem
if it is almost always &
problem




PedsQL 2

In the past ONE month, how much of a problem Zas your teenager had with ...

PHYSICAL FUNCTIONING (problems with...) Never |Almost |Some- |Often  jAlmost
Never  [times Always

1. Walking 100 metres 0 1 2 3 4

2. Running 0 1 2 3 4

3. Participating in sports activities or exercise 0 1 2 3 4

4. Lifting something heavy 0 1 2 3 4

5. Taking a bath or shower by him or herself 0 1 2 3 4

6. Doing chores around the house 0 1 2 3 4

7. Having aches or pains 0 1 2 3 4

8. Feeling tired 0 1 2 3 4

EMOTIONAL FUNCTIONING (problems with...) Never |Almost |Some- |Often  jAlmost
Never  [times Always

1. Feeling afraid or scared 0 1 2 3 4

2. Feeling sad 0 1 2 3 4

3. Feeling angry 0 1 2 3 4

4. Trouble sleeping 0 1 2 3 4

5. Worrying about what will happen to him or her 0 1 2 3 4

SOCIAL FUNCTIONING (problems with...) Never |Almost Some- |Often  jAlmost
Never  [times Always

1. Getting on with other teenagers 0 1 2 3 4

2. Other teenagers not wanting to be his or her friend 0 1 2 3 4

3. Getting teased by other teenagers 0 1 2 3 4

4. Not being able to do things that other teenagers his or herage |0 1 2 3 4

can do

5. Keeping up with other teenagers 0 1 2 3 4

SCHOOL FUNCTIONING (problems with...) Never  |Almost Some- |Often  |Almost
Never  [times Always

1. Paying attention in class 0 1 2 3 4

2. Forgetting things 0 1 2 3 4

3. Keeping up with schoolwork 0 1 2 3 4

4. Missing school because of not feeling well 0 1 2 3 4

5. Missing school to go to the doctor or hospital 0 1 2 3 4




______________________________________

PedsQL

Paediatric Quality of Life Inventory
Version 4.0 - English (United Kingdom)

CHILD REPORT (ages 8-12)

INSTRUCTIONS

On the following page is a list of things that might be a problem for you.
Please tell us how much of a problem each one has been for you over the
PAST MONTH by circling:

O if itis never a problem
if it is almost never a

problem
if it is sometimes a problem
if it is often a problem
if it is almost always a
problem

There are no right or wrong answers.




Over the PAST MONTH, how much of a
problem has this been for you...

PedsQL 2

ABOUT MY HEALTH AND ACTIVITIES (problems with..,) ~[Never — Almost Some-  Often  |Almost
Never  [times Always

1. It is hard for me to walk more than a couple of streets (about |0 1 2 3 4

100 metres)

2. Itis hard for me to run 0 1 2 3 4

3. It is hard for me to do sports activities or exercise 0 1 2 3 4

4. 1t is hard for me to lift heavy things 0 1 2 3 4

5. It is hard for me to have a bath or shower by myself 0 1 2 3 4

6. Itis hard for me to do chores around the house 0 1 2 3 4

7. | have aches and pains 0 1 2 3 4

8. | feel tired 0 1 2 3 4

ABOUT MY FEELINGS (problems with...) Never  |Almost [Some- [Often  |Almost
Never  [times Always

1. | feel afraid or scared 0 1 2 3 4

2. | feel sad 0 1 2 3 4

3. | feel angry 0 1 2 3 4

4. | have trouble sleeping 0 1 2 3 4

5. 1 worry about what will happen to me 0 1 2 3 4

How | GET ON WITH OTHERS (problems with...) Never |Almost Some- |Often  |Almost
Never  [times Always

1. I have trouble getting on with other children 0 1 2 3 4

2. Other children do not want to be my friend 0 1 2 3 4

3. Other children tease me 0 1 2 3 4

4. | cannot do things that other children my age can do 0 1 2 3 4

5. It is hard to keep up when | play with other children 0 1 2 3 4

ABOUT SCHOOL (problems with...) Never |Almost [Some- |Often  |Almost
Never  [times Always

1. Itis hard to pay attention in class 0 1 2 3 4

2. | forget things 0 1 2 3 4

3. | have trouble keeping up with my school work 0 1 2 3 4

4. 1 miss school because of not feeling well 0 1 2 3 4

5. I miss school to go to the doctor or hospital 0 1 2 3 4




ID#
Date:

PedsQL ™
Paediatric Quality of Life

Inventory

Version 4.0 English (United Kingdom)

PARENT REPORT for CHILDREN (ages 8-12)

INSTRUCTIONS

On the following page is a list of things that might be a problem for your
child. Please tell us how much of a problem each one has been for your
child during the past ONE month by circling:

0 if it is never a problem
if it is almost never &
problem
if it is sometimes a problem
if it is often a problem
if it is almost always &
problem




In the past ONE month, how much of a
problem has your child had with ...

PedsQL 2

PHYSICAL FUNCTIONING (problems with...) Never |Almost Some- (Often  |Almost
Never [times Always

1. Walking 100 metres 0 1 2 3 4

2. Running 0 1 2 3 4

3. Participating in sports activities or exercise 0 1 2 3 4

4. Lifting something heavy 0 1 2 3 4

5. Taking a bath or shower by him or herself 0 1 2 3 4

6. Doing chores around the house 0 1 2 3 4

7. Having aches or pains 0 1 2 3 4

8. Feeling tired 0 1 2 3 4

EMOTIONAL FUNCTIONING (problems with...) Never |Almost Some- (Often  |Almost
Never  [times Always

1. Feeling afraid or scared 0 1 2 3 4

2. Feeling sad 0 1 2 3 4

3. Feeling angry 0 1 2 3 4

4. Trouble sleeping 0 1 2 3 4

5. Worrying about what will happen to him or her 0 1 2 3 4

SOCIAL FUNCTIONING (problems with...) Never |Almost Some- (Often  |Almost
Never  [times Always

1. Getting on with other children 0 1 2 3 4

2. Other children not wanting to be his or her friend 0 1 2 3 4

3. Getting teased by other children 0 1 2 3 4

4. Not being able to do things that other children his or her age can |0 1 2 3 4

do

5. Keeping up when playing with other children 0 1 2 3 4

SCHOOL FUNCTIONING (problems with...) Never  |Almost |Some- [Often  |Almost
Never  [times Always

1. Paying attention in class 0 1 2 3 4

2. Forgetting things 0 1 2 3 4

3. Keeping up with schoolwork 0 1 2 3 4

4. Missing school because of not feeling well 0 1 2 3 4

5. Missing school to go to the doctor or hospital 0 1 2 3 4




_________________________________

PedsQL

Paediatric Quality of Life

Inventory

Version 4.0 - English (United Kingdom)
YOUNG CHILD REPORT (ages 5-7)

Instructions for interviewer:

I am going to ask you some questions about things that might be a problem for some children. | want to know how
much of a problem any of these things might be for you.

Show the child the template and point to the responses as you read.

If it is not at all a problem for you, point to the smiling face.
If it is sometimes a problem for you, point to the middle face.
If it is a problem for you a lot, point to the frowning face.

| will read each question. Point to the pictures to show me how much of a problem it is for you. Let’s try a
practice one first.

Notatall [Sometimes |A lot
Is it hard for you to click your fingers? @ D o

Ask the child to demonstrate by clicking his or her fingers to determine whether or not the question was answered
correctly. Repeat the question if the child demonstrates a response that is different from his or her action.



PedsQL 2

Think about how you have been doing over the last few weeks. Please listen carefully to each sentence and tell
me how much of a problem this is for you.

After reading the item, gesture to the template. If the child hesitates or does not seem to understand how to answer,
read the response options while pointing at the faces.

PHYSICAL FUNCTIONING (problems with...) Notatall ~ [Sometimes |A lot

1. Is it hard for you to walk? 0 2 4

2. Is it hard for you to run? 0 2 4

3. Is it hard for you to play sports or exercise? 0 2 4

4. Is it hard for you to lift big things? 0 2 4

5. Is it hard for you to have a bath or shower? 0 2 4

6. Is it hard for you to help in the home (like picking up your [0 2 4

toys)?

7. Do you have aches and pains (Where? ) 0 2 4

8. Do you ever feel too tired to play? 0 2 4
Remember, tell me how much of a problem this has been for you over the last few weeks.

EMOTIONAL FUNCTIONING (problems with...) Notatall ~ Sometimes |A lot

1. Do you feel scared? 0 2 4

2. Do you feel sad? 0 2 4

3. Do you feel angry? 0 2 4

4. Do you have trouble sleeping? 0 2 4

5. Do you worry about what will happen to you? 0 2 4

SOCIAL FUNCTIONING (problems with...) Notatall ~ [Sometimes |A lot

1. Is it hard for you to get on with other children? 0 2 4

2. Do other children say they do not want to play with you? 0 2 4

3. Do other children tease you? 0 2 4

4. Can other children do things you cannot do? 0 2 4

5. Is it hard for you to keep up when you play with other 0 2 4

children?

SCHOOL FUNCTIONING (problems with...) Notatall ~ [Sometimes |A lot

1. Is it hard for you to pay attention in school? 0 2 4

2. Do you forget things? 0 2 4

3. Is it hard to keep up with schoolwork? 0 2 4

4. Do you miss school because of not feeling well? 0 2 4

5. Do you miss school because you have to go to the doctor or |0 2 4

hospital?




PedsQL 3

How much of a problem is this for you?

Not at all Sometimes A lot

) @




ID#
Date:

PedsQL ™
Paediatric Quality of Life

Inventory

Version 4.0 English (United Kingdom)

PARENT REPORT for YOUNG CHILDREN (ages 5-7)

INSTRUCTIONS

On the following page is a list of things that might be a problem for your
child. Please tell us how much of a problem each one has been for your
child during the past ONE month by circling:

O if it is never a problem
if it is almost never a
problem
if it is sometimes a problem
if it is often a problem
if it is almost always a
problem




In the past ONE month, how much of a
problem has your child had with ...

PedsQL 2

PHYSICAL FUNCTIONING (problems with...) Never |Almost Some- (Often  |Almost
Never [times Always

1. Walking 100 metres 0 1 2 3 4

2. Running 0 1 2 3 4

3. Participating in sports activities or exercise 0 1 2 3 4

4. Lifting something heavy 0 1 2 3 4

5. Taking a bath or shower by him or herself 0 1 2 3 4

6. Doing chores, like picking up his or her toys 0 1 2 3 4

7. Having aches or pains 0 1 2 3 4

8. Feeling tired 0 1 2 3 4

EMOTIONAL FUNCTIONING (problems with...) Never |Almost Some- (Often  |Almost
Never  [times Always

1. Feeling afraid or scared 0 1 2 3 4

2. Feeling sad 0 1 2 3 4

3. Feeling angry 0 1 2 3 4

4. Trouble sleeping 0 1 2 3 4

5. Worrying about what will happen to him or her 0 1 2 3 4

SOCIAL FUNCTIONING (problems with...) Never |Almost Some- (Often  |Almost
Never  [times Always

1. Getting on with other children 0 1 2 3 4

2. Other children not wanting to be his or her friend 0 1 2 3 4

3. Getting teased by other children 0 1 2 3 4

4. Not being able to do things that other children his or her age can |0 1 2 3 4

do

5. Keeping up when playing with other children 0 1 2 3 4

SCHOOL FUNCTIONING (problems with...) Never |Almost Some- Often  |Almost
Never  [times Always

1. Paying attention in class 0 1 2 3 4

2. Forgetting things 0 1 2 3 4

3. Keeping up with school activities 0 1 2 3 4

4. Missing school because of not feeling well 0 1 2 3 4

5. Missing school to go to the doctor or hospital 0 1 2 3 4
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PedsQL
Paediatric Quality of Life ™

Inventory

Version 4.0 - English (UK)

PARENT REPORT for TODDLERS (ages 2-4)

DIRECTIONS

On the following page is a list of things that might be a problem for your
child. Please tell us how much of a problem each one has been for your
child during the PAST MONTH by circling:

O if itis never a problem

if it is almost never 3

problem
if it is sometimes a problem

if it is often a problem

if it is almost always a
problem




In the PAST MONTH, how much of a problem has your child had wit...

PHYSICAL FUNCTIONING (problems with...) Never Almost Some- (Often  |Almost
Never  [times Always

1. Walking 0 1 2 3 4

2. Running 0 1 2 3 4

3. Participating in active play and exercise 0 1 2 3 4

4. Lifting heavy things 0 1 2 3 4

5. Bathing 0 1 2 3 4

6. Helping to pick up his or her toys 0 1 2 3 4

7. Having aches or pains 0 1 2 3 4

8. Feeling tired 0 1 2 3 4

EMOTIONAL FUNCTIONING (problems with...) Never |Almost Some- |Often  |Almost
Never  [times Always

1. Feeling afraid or scared 0 1 2 3 4

2. Feeling sad 0 1 2 3 4

3. Feeling angry 0 1 2 3 4

4. Having trouble sleeping 0 1 2 3 4

5. Worrying 0 1 2 3 4

SOCIAL FUNCTIONING (problems with...) Never  |Almost Some- |Often  |Almost
Never  [times Always

1. Playing with other children 0 1 2 3 4

2. Other children not wanting to play with him or her 0 1 2 3 4

3. Getting teased by other children 0 1 2 3 4

4. Not able to do things that other children his or her age can do [0 1 2 3 4

5. Keeping up when playing with other children 0 1 2 3 4

*Please complete this section if your child attends nursery or day care

NURSERY/DAY CARE FUNCTIONING (problems with...) [Never  |Almost Some- [Often  |Almost
Never  [times Always

1. Doing the same nursery/day care activities as peers 1 2 3 4

2. Missing nursery/day care because of not feeling well 0 1 2 3 4

3. Missing nursery/day care to go to the doctor or hospital 0 1 2 3 4




11.7. ADDITIONAL TABLES AND FIGURES FOR HRQOL CHAPTER.

Table 52. Comparison of PedsQL™ scores between those with obesity (BMISDS>2) and those without in the pre-

dialysis, conservatively-managed subgroup.

Obese (BMI SDS >2), | Not obese BMI SDS <2,
Domain n=6. n=40. t-value (degrees of freedom) | p-value
Mean (£SD) Mean (£SD)
Child (self-rater)
Physical 69.27 (+15.23) 64.31 (+23.80) t(10.279) = 0.660 0.524
Emotional 72.50 (+£22.75) 62.85 (+21.46) t(6.778) = -0.981 0.369
Social 56.67 (+30.93) 67.14 (+22.68) t(6.049) = -0.790 0.459
School 56.67 (+11.25) 59.30 (+17.88) 1(10.477) = -0.472 0.647
Total 67.75 (+15.87) 63.55 (+18.53) t(7.801) =0.579 0.579
Parent-Proxy

Physical 65.10 (+16.81) 65.10(+28.04) t(9.825) = -0.023 0.982
Emotional 67.50 (+23.18) 60.56 (+22.59) t(6.508) = 0.686 0.517
Social 70.83 (+£26.72) 70.48 (+22.54) t(6.115) = 0.031 0.976
School 61.88 (+13.91) 63.72 (+£20.54) t(8.683) = -0.282 0.785
Total 66.40 (+15.62) 64.37 (£19.76) t(7.634) = 0.286 0.782




Table 53. Comparison of PedsQLTM scores between those with obesity (MUAC SDS>2) and those without in the pre-

dialysis, conservatively-managed subgroup.

Obese (MUAC SDS >2), | Not obese (MUAC SDS <2),
Domain n=4. n=42. t-value (degrees of freedom) | p-value
Mean (£SD) Mean (£SD)
Child (self-rater)
Physical 71.88 (+17.40) 64.52 (£23.07) t(2.645) = 0.683 0.550
Emotional 78.33 (+16.07) 63.18 (+21.82) t(2.678) = 1.518 0.237
Social 41.67 (£28.43) 67.52 (+22.89) t(2.228) = -1.533 0.252
School 53.33 (£7.64) 59.36 (+17.46) t(4.145) = -1.135 0.318
Total 69.20 (+14.02) 63.79 (£18.40) t(2.631) = 0.625 0.582
Parent-Proxy

Physical 71.87 (£19.42) 64.64 (+27.40) t(4.233) = 0.683 0.530
Emotional 65.00 (+27.39) 61.13 (+22.38) t(3.393) = 0.274 0.800
Social 70.00 (+30.28) 70.57 (£22.43) t(3.321) = -0.037 0.973
School 58.65 (+17.09) 63.94 (+20.03) t(3.832) = -0.583 0.593
Total 67.43 (+20.55) 64.37 (£19.24) t(3.520) = 0.286 0.791




Table 54. Comparison of PedsQLTM scores between those with obesity (WHt>0.5) and those without in the pre-
dialysis, conservatively-managed subgroup.

Obese (WHtR >0.5), Not obese ((WHtR <0.5)),
Domain n=19. n=27. t-value (degrees of freedom) | p-value
Mean (xSD) Mean (£SD)
Child (self-rater)
Physical 66.85 (£16.44) 63.96 (+26.10) t(35.983) = 0.419 0.678
Emotional 68.00 (+£22.66) 62.01 (+21.13) t(28.536) = 0.818 0.420
Social 61.50 (£25.25) 68.08 (+23.32) t(28.336) = -0.809 0.425
School 64.00 (+£10.59) 55.54 (£19.51) t(36.000) = 1.534 0.134
Total 66.62 (+14.58) 62.65 (+20.08) t(35.494) = 0.707 0.484
Parent-Proxy

Physical 64.75 (£21.82) 65.63 (+30.06) t(43.934) = -0.115 0.909
Emotional 66.84 (+21.81) 57.69 (+22.65) t(39.814) = 1.380 0.175
Social 73.16 (£23.41) 68.67 (£22.62) t(38.051) = 0.650 0.520
School 65.88 (+16.90) 61.79 (+21.58) t(43.422) = 0.720 0.475
Total 66.74 (+16.86) 63.15 (+20.77) t(43.009) = 0.646 0.522

In the pre-dialysis, conservatively-managed subgroup, comparison of PedsQ

LTM

scores between those children / young

people with obesity as defined by BMI SDS (>2SD); MUAC SDS (>2SD) or waist-to-height ratio (>0.5) did not
demonstrate any differences; including on component analysis.




11.8. MODIFIED APPETITE ASSESSMENT QUESTIONNAIRE
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Madified CNAQ-SNAQ Questionnaire:
Hospital Number: Date of appetite assessment:
T [Appetitess: | Very Poor Good | Very Good Sconng
Poor
2 | When eating- | Patient Patient | Patient | Patient Sconng
feels full | feels full | feels full | always
after affer after complefes
only a about most of | cam
few half a the meal | manage a
3 | My normal Teatl TeatZ [Teatd Teatd Sconng
meal pattern | meal a mealsa |meal:a |mealsa
is: day day day day plus
snacks
4 | My current Teatl Teat2 Teat3 Teat3 Sconng
meal pattern. | meal a mealsa |mealsa |mealsa
1s: day day day day plus
snacks
S | How do Less than | About half | Shghtly | Same or Sconng
portion sizes | half Less more
compare to
5 of similar
age (-
Jvears)?
Things that | Food tastes different to what it used to
put me off 1 feel too full
eating: 1 don’t have enough fime
1 womry about putting on weight
Tt makes me feel sick
MM e e o = e T e S e B S
7 | Dietician’s Very Poor | Poor Good Very Sconng
perception of Good
patient’s
appetite:
Wiodified from:
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11.9. CONSENT AND ASSENT FORMS

SETHaWPIOY LRITRS T A
C s Southampton University Has pital Southampton (135

Children’s Hospital

M Foomde o Tl

NIHE. Seuthampeon Centre for Biomedical Eesearch

E Leved, MP 113

University Hospital Souhampion WHE Foundation Trast
Tremona

carolmse.

CONSENT FORM

Participant |demtification Mumber for this trial

Title of Project Trace Element Malnutntion in Paediatric Renal Disease (TEMPeReD)]

Foad

016 §YD
rahs pihe uk
023815330

Please initial box

| confirm that | have read the information shestdated . (version._______ ) for the
sbove study. | hawe had the opportunity to consider the information, ask questions and have
had thesa answered satisfactonly. | have been given & copy to keep.

| understand participation of my child is voluntary and that | am free to withdraw at any time
without giving any reasen, without my medical care or legal rights being affected.

| understand that relevant sections of my child's medical notes and data collected dunng

the study may ke looked at by individuals from the research team. from regulatory autharities or
from the NHS Trust, where it is relevant to my takimg part im this research. | give permission fior
these individuals to have access to my child's reconds.

| understand that the information collected about my child will be used to support
other research in the future, and may be shared anonymously with other reseanchers.

| agree to my child's General Practitioner being informed of my participation in the study.
| agree that the samples will be kept by the research team. My child's blood and unne samples
have been donated as gifis and therefore these ancnymised samples may be used for ethically-

approved future research.

| agrea to my child taking part in the abowe study.

Mama of Participant’s Parent/guardian Date Signature

Mame of Person Diat= Signature
taking consent

When compieed: 1 for particoant; 1 for researsher site flie; 1 {eriginal io be kept In medical notes
ICF: Version 1.2 27.01.96 REC: 16100041

Page 106 1



TOL THAMW PO

Children’s Hospita

ASSENT FORM

FParticipant |demtification Mumber for this trial

Title of Froject Trace Element Malnutrition in Faediatric Renal Disease (TEMPeReD)

Please inthial box

| confirm that | hawe read the information sheet dated......... .o voeee. (VEFSIOM.... o........} TOr the
sbove study. | hawve had the opportunity to consider the information, ask questions and have
had these answered satisfacionly. | have been given a copy to keep.

2. lunderstand that my participation is voluntary and that | am free to withdraw at any time
without giving any reason, without my medical care or legal nghts being affected.

3. lunderstand that relevant sections of my medical notes and data collected dunng
the study may ke looked at by mdwviduals from the research team, from regulatory authortes or
from the NHS Trust, where it is relevant to my takimg part im this. research. | give permission for
these individuals to have access to my records.

4. | understand that the information collected about me will be used to support
other research in the future, and may be shared anonymously with other reseanchers.

5. | agree to my General Practiioner being informed of my participation im the shudy.

B. | agree that the samples will be kept by the research team. My bloed and unne samples hawe
bean donated as gifts and therefore these anonymised samples may be used for athically-
spproved future ressarch.

7. | agree to take part in the above study.

Mame of Participant Drate Signature
Hamez of Person Diate Signaturs
taking consent

Wihen compieted: 1 for participant; 1 for researcher she fie; 1 (original) to be kapt In medical notes.
IAF: Vesslon 1.0. 08.12.15 REC. 1810341 Pagelof 1l
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11.10. BLOOD CONCENTRATIONS OF VITAMINS AND MINERALS FOR DIFFERENT TREATMENT MODALITY SUBGROUPS.

Plasma vitamin A (umol/l)

Vitamin A for Different Treatment Modalities
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Figure 64. Plasma vitamin A concentrations in the TEMPeReD cohort divided into different treatment modalities.

PDCM = 46, Post-transplant = 10, dialysis = 3. Mean concentrations and standard deviations are depicted by error bars.
Red dotted lines represent the normal reference range for the laboratory. There were no significant differences between
modalities, with a significant proportion of children and young people having plasma vitamin A concentrations above the
normal reference range.



Vitamin E Concentrations for Different Treatment Modalities
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Figure 65. Plasma vitamin E concentrations in the TEMPeReD cohort divided into different treatment modalities.

PDCM = 46, Post-transplant = 10, dialysis = 3. Mean concentrations and standard deviations are depicted by error bars.
Red dotted lines represent the normal reference range for the laboratory. There were no significant differences between
modalities, with a significant proportion of children and young people having plasma vitamin E concentrations above the
normal reference range; including all post-transplant and all dialysis patients above the reference range.



Vitamin D Concentrations for Different Treatment Modalities
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Figure 66. Serum 25-vitamin D concentrations in the TEMPeReD cohort divided into different treatment modalities.

PDCM = 46, Post-transplant = 10, dialysis = 3. Mean concentrations and standard deviations are depicted by error bars.
Red dotted line represents the lower limit of the normal reference range for the laboratory (there is no upper limit). There
were no significant differences between modalities for vitamin D concentrations.



Vitamin B6 Concentrations for Different Treatment Modalities
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Figure 67. Plasma Pyridoxal 5-phosphate concentrations in the TEMPeReD cohort divided into different treatment
modalities.

PDCM = 46, Post-transplant = 10, dialysis = 3. Mean concentrations and standard deviations are depicted by error bars.
Red dotted lines represent the normal reference range for the laboratory. There were no significant differences between
modalities for vitamin B6 (pyridoxal-5-phosphate) concentrations. Several children and young people had concentrations
greater than the normal reference range <despite the absence of supplementation>. This may represent increased flux
through the transport pool rather than true hypervitaminosis, and warrants further exploration to better understand potential
altered metabolism of the vitamins in the context of chronic kidney disease, immunosuppressive regimens, and in dialysis.



Folate Concentrations for Different Treatment Modalities
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Figure 68. Plasma folate concentrations in the TEMPeReD cohort divided into different treatment modalities.

PDCM = 46, Post-transplant = 10, dialysis = 3. Mean concentrations and standard deviations are depicted by error bars.
Red dotted lines represent the lower limit of the normal reference range for the laboratory. There were no significant
differences between modalities for folate concentrations.



Vitamin B12 Concentrations for Different Treatment Modalities
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Figure 69. Vitamin B12 concentrations in the TEMPeReD cohort divided into different treatment modalities.

PDCM = 46, Post-transplant = 10, dialysis = 3. Mean concentrations and standard deviations are depicted by error bars.
Red dotted line represents the lower limit of the normal reference range for the laboratory (there is no upper limit). There
were no significant differences between modalities for vitamin B12 concentrations.



Vitamin C Concentrations for Different Treatment Modalities
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Figure 70. Plasma vitamin C concentrations in the TEMPeReD cohort divided into different treatment modalities.

PDCM = 46, Post-transplant = 10, dialysis = 3. Mean concentrations and standard deviations are depicted by error bars.
Red dotted lines represent the normal reference range for the laboratory. There were no significant differences between
modalities for vitamin C concentrations.



Copper Concentrations for Different Treatment Modalities
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Figure 71. Plasma copper concentrations in the TEMPeReD cohort divided into different treatment modalities.

PDCM = 46, Post-transplant = 10, dialysis = 3. Mean concentrations and standard deviations are depicted by error bars.
Red dotted lines represent the normal reference range for the laboratory. There were no significant differences between
modalities for copper concentrations.



Manganese Concentrations for Different Treatment Modalities
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Figure 72. Whole blood manganese concentrations in the TEMPeReD cohort divided into different treatment
modalities.

PDCM = 46, Post-transplant = 10, dialysis = 3. Mean concentrations and standard deviations are depicted by error bars.
Red dotted lines represent the normal reference range for the laboratory. The dialysis subgroup’s concentrations were
significantly higher than the pre-dialysis, conservatively-managed (PDCM) subgroup (Median concentrations: 284 versus
152 nmol/l; Mann-Whitney Test statistic = 11; p = 0.019). The reason for this could be related to the iron status of the
subjects.



Selenium Concentrations for Different Treatment Modalities
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Figure 73. Plasma selenium concentrations in the TEMPeReD cohort divided into different treatment modalities.

PDCM = 46, Post-transplant = 10, dialysis = 3. Mean concentrations and standard deviations are depicted by error bars.
Red dotted lines represent the normal reference range for the laboratory. There were no significant differences between
modalities for plasma selenium concentrations.



Zinc Concentrations for Different Treatment Modalities
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Figure 74. Plasma zinc concentrations in the TEMPeReD cohort divided into different treatment modalities.

PDCM = 46, Post-transplant = 10, dialysis = 3. Mean concentrations and standard deviations are depicted by error bars.
Red dotted lines represent the normal reference range for the laboratory. There were no significant differences between
modalities for plasma zinc concentrations.






11.11. WHAT IS A FOOD FOR SPECIAL MEDICINAL PURPOSES?

Legal interpretation from Loyens and Loeff (359).

“FSMP is specially processed or formulated food intended for the dietary management, under medical supervision, of patients
(including children) who suffer from a disease, disorder or medical condition and whose dietary requirements cannot be met

by modifying a normal diet only.

11.11.1. The definition includes different elements:

FSMP vs other products: FSMP is food and not a medicinal product. The Notice specifies that the definition of FSMP has to
be interpreted narrowly in order to distinguish it from foods other than FSMP such as food supplements or fortified foods
which supplement the normal diet. In addition, a novel food ingredient that has been authorised to be used in FSMP will not

automatically classify the final product as FSMP unless the product complies with the FSMP definition;

‘Specially processed’ or ‘specially formulated’: These concepts refer respectively to the manufacturing stage where
substantial alteration of the initial product takes place (e.g. giving a specific consistency or viscosity to a product for the
dietary management of dysphagia) and the development stage before the manufacturing (e.g. forecasting specific levels of
energy and nutrients for products for patients with kidney disease). Products that are neither specially processed nor
formulated should be excluded from the FSMP definition. This does not, however, preclude FSMP from containing

ingredients of a ‘natural composition’;

‘Dietary management’: FSMP is intended to provide nutritional support to patients who suffer from a specific disease,
disorder or medical condition which leads to either (a) ‘limited, impaired or disturbed ability to take, digest, absorb,
metabolise or excrete normal foods, nutrients or metabolites’, or (b) ‘other medically-determined nutrient requirements’.
These conditions can be for instance the inability to digest or absorb sufficient foods/nutrients (e.g. short bowel syndrome) or

the inability to excrete certain nutrients or their metabolites (e.g. phosphate and potassium for patients with kidney disease).

When placing products on the market as FSMP, both FBOs and national authorities have to conduct their assessment on a
case-by-case basis. Concretely, this implies that they have to assess how ‘impossible, impractical, unsafe or
nutritionally/clinically disadvantageous’ it is for the targeted patients to satisfy their nutritional needs by exclusively
modifying their normal diet. If their nutritional needs can be exclusively satisfied with foods other than FSMP, a product

cannot be placed on the market as FSMP for the dietary management of those patients;

‘Under medical supervision’: Because the consumers of FSMP are patients, their use must take place under medical
supervision. In the context of the FSMP legislation ‘patients’ should be understood as ‘people suffering from specific
diagnosed diseases, disorders or medical conditions, who as a result of such disease, disorder or medical condition need to
consume FSMP’. This means that products for consumers who do not suffer from any disease, disorder or medical condition
or products which can be used without medical supervision for the dietary management of patients should not be marketed as
FSMP. It is also important to note that although the role of healthcare professionals in recommending and supervising the use
of FSMP is key. They have the full discretion to choose the most appropriate follow-up of their patients and may recommend
the use of other products than FSMP. Therefore, the recommendation of a healthcare professional cannot be decisive to
classify a product a FSMP because only a detailed case-by-case analysis by the FBO of the FSMP definition allows to classify
a product as FSMP;



‘Modification of a normal diet’: This concept refers to any adjustment to the diet by consuming foods other than FSMP. The
aim of food supplements or fortified foods is to supplement or add nutrients or other substances to the normal diet. By
supplementing or adding to the normal diet food supplements and fortified foods can be qualified as normal foods and apt to
modify the normal diet. In addition, when analysing if the use of a specific product is safer or more practical than the
exclusive use of food other than FSMP or if it has a clinical or nutritional advantage for the patient, FBOs and national
authorities should take into account factors such as the severity of the disease, disorder or medical condition or the role of the

specific product.
Although the definition includes different elements, the Notice clearly says that it must be interpreted in its entirety.

11.11.1.2.  Categories of FSMP

FSMP legislation lists three categories in which FSMP can be classified:

Nutritionally complete food with a standard nutrient formulation used either orally or by enteral tube which contains all the
necessary nutrients at appropriate levels and may be used as the only source of nutrition for patients, e.g. enteral formulas for

gastroenterological conditions;

Nutritionally complete food with a nutrient-adapted formulation specific for a disease, disorder or medical condition which
contains all the necessary nutrients at appropriate levels and may be used as the only source of nutrition for patients, e.g.

MCT (Medium Chain Triglycerides) -containing formulas for malabsorption conditions;

Nutritionally incomplete food with a standard formulation or a nutrient-adapted formulation specific for a disease, disorder
or medical condition which either does not contain all the necessary nutrients or the appropriate quantities to be used as the
only source of nutrition for patients and is used in addition to normal foods, adapted diet or other FSMP, e.g. a protein

substitute for metabolic conditions.

Conclusion

All in all, the Commission’s Notice on FSMP attempts to give FBOs a sort of a check-list of required data they should compile
in order to demonstrate that their product falls within the scope of FSMP legislation. FBOs should, however, carry out their
assessment on a case-by-case basis. The necessary data should objectively demonstrate that ‘the specific group of patients
suffering from a disease, disorder or medical condition for which the product is intended have nutritional needs that are
impossible, impractical or unsafe or nutritionally or clinically disadvantageous to satisfy through the exclusive consumption
of food other than FSMP’. People for whom FSMP is intended should be easily distinguishable from those who are not in
need of FSMP. When assessing the possibility to modify the normal diet through food other than FSMP, FBOs should refer to
a typical person who suffers from the disease, disorder or medical condition for which the FSMP is considered. Finally,
EFSA’s scientific and technical guidance on FSMP can also be helpful for FBOs when deciding whether their product is

correctly marketed as FSMP or not”.



11.12. FAMILY FEEDBACK ABOUT THE NOVEL FSMP

Positive comments

Negative comments

Reasons for not taking

Suggested improvements

“Easy to drink”

“Took a while to dissolve”

Family away and forgot to take
[FSMP] with them (5 days)

“Improve the taste”

“I really didn’t like it to begin

with but I’ve got used to it over “Didn’t like the taste” “Refused to drink it” “make into tablet form”
time”
“I liked th ly sensation on . o
ed egl;bﬁp};fe sation “Taste is quite bitter” “Forgot” “change flavour”

“It was quick to make”

“Some sediment at the bottom
of the cup”

“x doesn’t like it maybe tablet form maybe better”

“I felt like I had a lot more
energy and didn’t feel so ill”

“It tasted horrible by the end”

“Not as soluble as we’d have liked often left
sediment in the bottom despite rigorous shaking”

“making of the drink was quick
and easy”

“Quantity was too much”

“[They]’d prefer a tablet”

“I had piece of mind throughout
that x was getting much needed
vitamins etc”

“it’s gross, too strong”

“Change to shape of the container so it’s easier to
mix [with a spoon]”

“too strong and lumpy even
when shake[n]”

“Different flavours, i.e., Blackcurrant. Not
everyone likes orange”

“did not like to taste, screamed
throughout and didn’t finish
full amount”

“x found it a little better when made with ice-cold
water”

“he does not like the ‘bits’ that
remain no matter how much |
shake it”

“Tastes horrible”

“very strong tasting”

“Didn’t really enjoy the taste”

“didn’t take it because takes up
my fluid [allowance] and
doesn’t taste nice”




11.13. FULL ANALYSIS OF PRE- AND POST-INTERVENTION WITH A NOVEL FSMP.

Table 55. Comparison of measurement at baseline and at visit 2 (90 day of trial of the FSMP).

Baseline Visit 2
Anthropometry
HtSDS -2.14 (SD#1.23) -2.08 (SD+1.29) t(6)=-0.990; p=0.360
WtSDS -1.32 (SD#1.37) -1.37 (SD+1.29) 1(6)=0.474; p0.652
BMISDS 0.01 (SD+1.29) -0.09 (SD+1.16) t(6)=0.640;p=0.546
MUAC (cm) 21.89 (SD+6.20) 21.97 (SD+4.69) t(6)=-0.061; p=0.954

Appetite

ModSNAQ Score

18.71 (SD#4.11)

20.00 (SD5.06)

1(5)=-0.382; p=0.718

Bloods Results

Sodium (mmol/I)

137.29 (SD#2.29)

136.86 (SD+1.21)

1(6)=0.812; p=0.448

Potassium (mmol/l)

4.17 (SD%0.72)

4.07 (SD%0.50)

1(6)=0.544; p=0.606

cCalcium (mmol/I)

2.41 (SD0.10)

2.37 (SD0.08)

1(6)=1.332; p=0.231

Magnesium (mmol/I)

0.90 (SD*0.14)

0.80 (SD+0.09)

1(6)=2.802;p=0.031*

Phosphate (mmol/l) ¢

1.29 (IQR*0.77)

1.39 (IQR%0.29)

Statistic=3.00; p=0.063

Ferritin (ug/l)

55.00 (IQR154.00)

50.00 (IQR#205.00)

Statistic=19.00; p=0.398

Haemoglobin (g/l)

127.29 (SD+19.61)

120.29 (SD*28.55)

1(6)=1.283; p=0.247)

Vitamin B12 (ng/l) ¢

554.00 (IQR+202.00)

489.00 (IQR+277.00)

Statistic=11.00; p=0.612

Folate (ng/ml) ©

17.50

25.00

Vitamin D (nmol/l)

76.00 (IQR+74.00)

81.00 (IQR+44.00)

Statistic=17.00; p=0.612

Vitamin A (umol/l) ¢

2.20 (IQR=1.90)

2.10 (IQR%2.50)

Statistic=17.00; p=0.172

Vitamin E (umol/l)

28.59 (SD4.45)

31.14 (SD%7.79)

1(6)=-1.386; p=0.215

Copper (umol/l)

20.86 (SD+3.48)

17.29 (SD3.41)

1(6)=4.403; p=0.005*

Selenium (umol/l)

1.00 (SD*0.21)

1.16 (SD*0.25)

1(6)=-3.414; p=0.014*

Zinc (umol/l)

14.34 (SD+2.41

14.37 (SD#2.19)

1(6)=-0.035; p=0.973

Vitamin C (pmol/l) +

46.50 (IQR+55.60)

47.70 (IQR+41.50)

Statistic=18.00; p=0.499

Manganese (nmol/l)

165.2 (SD%69.77)

209.80 (SD=102.44)

1(6)=-1.306; p=0.262

Vitamin B6 (nmol/l)

78.90 (IQR+110.40)

142.25 (IQR%197.45)

Statistic=14.00; p=0.463

PedsQL™

Scores

Child (self-rater):

Physical Domain

62.06 (SD+20.12)

54.69 (SD+23.61)

1(4)=0.104; p=0.922

Emotional Domain

70.00 (SD+27.16)

68.50 (SD21.77)

1(4)=0.213; p=0.842

Social Domain

64.17 (SD28.53)

69.00 (SD*11.94)

t(4)=-0.463; p=0.667

School Domain

66.00 (SD+21.04)

56.00 (SD+16.73)

1(4)=1.265; p=0.275

Total Child (self-rater) Score

65.57 (SD+22.95

63.61 (SD+13.90

1(4)=0.278; p=0.795

Parent-Proxy:

Physical Domain

60.00 (SD+25.33)

70.00 (SD26.20)

1(4)=-4.828; p=0.008*

Emotional Domain

63.50 (SD25.35)

59.00 (SD+14.32)

1(4)=0.510; p=0.637

Social Domain

63.00 (SD26.36)

60.63 (SD+24.69)

1(4)=0.361; p=736

School Domain

65.00 (SD=8.66)

57.00 (SD19.87)

1(4)=1.064; p=0.347

Total Parent-Proxy Score 62.31 (SD+18.46) 63.48 (SD+17.81) t(4)=-0.338; p=0.752

Abbreviations: SD — standard deviation; 1QR — interquartile range. *Statistical significance; p<0.05. + - non-parametric,
mean and IQR reported, and difference compared with Wilcoxon Signed Rank Test. © - Folate values once >25ng/ml are not

expressed as integers; median reported.
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Abstract

Purpose Health-related quality of life (HRQoL) is en important, patient-centred measure. Although nutritional stztus is
altered in children with CKD, the impact of nutriticnal status on HR QoL in this population has not been explored. The
aims of this study are to report the HRQoL scores as assessed by the validated PedsQL™ guestionnaire and to explore the
relationship of HRQoL scores w markers of nutritional statws. It will also examine the concondance between the scaes of
the child and their parent/carer.

Methods A single-centre, cross-sectional, observational study was performed exploring the markers of nutritional status
{anthropometry—including presence of obesity, micronutrient status and appetitel and ITRQcL. and assessed by the PedsQL™
questionnaire in children aged 3- 18 vears with pre-dialysis, conservatively managed CKD,

Results A total of 46 children were recruited, with a mean age of 10.5 years. HRQoL scores were lower than in healthy
controls throughout all domairs. Lower scores were associated with short stature and poor appetite. Markers of obesity or
micronutrient status were not associated with HRQoL scores.

Discusslon Nutritional status impacts upon HRQoL. Further study is needed to evaluate how changing autritional status
may affect HRQoL in children with CKD, and this may be used to facilitate the development of patient-centred treatment
goals and plans,

Keywords Health-related quality of life . Childrer - Chronic kidney disease  Nutrition

Background

Chronic kidney disease (CKD) is an increasing problem in
the UK and worldwide |1]. The diszase and its management
can have significant impacts upon the individual and their
family, being associated with increased mortality and mor-
bidity, and in children impzired growth [2].

Hezalth-related quality of life (HRQoL) is an individo-
al’s subjective perveption ol e impact of health status,
including disease and treatment, on physical, psychologi-
cal and social functioning [3]. Children with CKD, even
those with discesc on the milder end of the speetrum, have
poorer HRQoL [4-T7]. The physical and psychological
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impact of both the disease process itself and its manage-
ment make CK.D a particularly challenging condition with
pervasive symploms of nausea and lethargy, multiple clinic
attendances and investigations, strict dietary modification,
multiple medications {and their frequent adjustmants).

changes in physical health due to complications of CKD and

@_ Springer
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psychclogical problems such as alterec body-image, anxiety
anc depression.

HR QoL is not only determined by disease severity. In
children with CKD. Gerson et al fourd that renal function
did not correlate with HRQoL [5]. Factors other than the
disease itself contribute to HRQoL in those children with
disease [&], and the authors hypothesise that nutritional
status imnpacts HRQoL. IF such ar association exists, then
HRQoL assessment may off a measure of how nutritional
status impacts the child in a holistic, patient-centred way.

Malnutrition is common in CKD [9] and is associated
with poorer outcomes | 10]. It has beer: traditionally defined
as poor nutritional status resulling from inadequate intake,
but in CKD malautrition 15 multifactorial in origin, with
suppressed appetite, catabolism and chronic nflamma-
tion, altered cietary intake from dietetic therapy and nutri-
ent losses through dialysis all contributing. In addition tc
under-nutrition, over-nutrition and obesity are becoming
increasingly prevalent in CKD populations acroas (he UK
and Europe [11] and more prevalent than canonical mal-
nutrition state of low anthropometric scores and lean tissue
loss in both the conservatively managed [12] and dialysis/
post-transplant populations [ | 1], Cbesity has been reported
to be zn independent risk factor for development of renal
damage and end-stage renal failure [ 13, 14].

In cohorts of children with other disease siates, poor
nutritional status [13] and obesity [16] have been associ-
ated with poorer HRDoL, but this has not bezn explored in
paediatric CKD. Micronutrient status has been associated
with HRQoL [17]. including selenium [ 18] with supplemen-
tation of szlenium demaonstrating improved scores [19-21],
although there are contradictory findings [22].

Despite the recognition that HRQaL 1 important, therc
are limited data in this disease group with existing literature
focusing upon end-siage disease and those following renal
transplantation. Of the studizs that examine CKD stages 24
in the paediatric populatien |3, 6, 23-26]. only one |25]
examines nutritional status (evalvating the effect of short
stature). Ther= is therefore, a need to examire the effect of
nutritional status, ircluding obesity on HRQoL. and any
association of HRQe¢L on future nutritional status.

Describing the subjective assessment of HR QoL of both
the child and their caregiver is important as kealthcare pro-
viders' focus is that of the child, but some children may be
unzble to describe their experiences, and caregivers make
cheices (including medical) dependent upon their assass-
ment of the child's HEQol . Discordance between self-
reported and parent-proxy HRQoL scores has been reported
previouasly in those with dialysis and post-renal transplan-
tation [27-29]. but not asszssed in those with less severe
disease.

The aims of this study are w report the HRQoL scores
as assessed by the validated PedsQ)L™ questionnaire and

@ Springer

to explore the relationship of HRQoL scores to markers of
nutritionzl status, It will also examine concordance between
the scores of the child znd their parent/carer.

Methods

A cruss-sectonal, observational study was performed w
determine the HRQoL of a cohort of children with pre-dial-
ysis, conservatively managed CKD and its relationship to
markers of nutritional status.

Participants

Children aged between 3 and 18 years with conservatively
managed CKD (stages 2-3 as deined by Kidney Disease:
Improving Global Cutcomes (KDIGO) [301] [Pre-end-stage
disease—glomerular filtration rate batween 135 and 90 ml/
i/ 173 0], not receiving dialysis and never received
renal transplant) under care of the paediatric nephrology
team at Southampton Children's Hospital were identified
using clectronic notes, approached via a letier of invitation
and subsequently assessed at routine clinic appointmeants.
Both the child and a parent/caregiver were requested to inde-
pendently complete the respective questionnaire.

Measures

Bzsic clinical and anthropometric data were caollected,
including height, weight, waist circumference, mid-upper
arm circumference (MUAC) and standard deviation score
(SDS), bodv mass index (BMI) and waist circumference-
to-hcight ratio (WHiR ). Appetitc was asscssed by a simple
Likert scale by the child: Very poar-1, Poor-2, Good-3, Very
zood-4. Definitions of obesity were BMI SDS > 2: MUAC
SDS>2or »>25cm[31] and a WHR = 0.5 [32]. Short stat-
ure was cefined as a height SDS < — 2. Bleod for analysis
of markers of the micronutrients copper. selenium, zinc and
manganese were collected ard analysed through clinical
pathology.

Further anthropomerric and clinical data were collected
via the electronic clinical record at 6 morths and 12 months
subsequent to initial assessmert. and change in weight SDS.
BMI SDS, height SDS and estimated glomerular filtration
rate (eGFR) calculated.

The HRQoL was assessed using the PedsQL™ tool [33].
This is a series of questions posed to the child and the par-
ent/caregiver that assess physical. emotional, social and
schooling aspects of the chld’s hie.

The PedsQL™ tool was developed to measure HRQoL
in children and has been validated for a number of chronic
health condirions [34-36]. It was highlighted in a sysiem-
atic review of tools to assess HRQaL as one of the momr



Quality of Life Research (2019) 28:1365-1573

1567

thoroughly developed measures and has been validated for a
wide age range of children [37]. Although origimally devel-
oped and validated for a USA population. it has been vali-
dated for a UK population of both healthy childen and those
with chronic conditions (asthma. dizbetes and inflammarory
bowel disease) [38].

The PedsQL™ [3}] comprises two questicnnaires: one
for the child ard onc for a parcnt/carcgiver. They ask a scrics
of questions that assesses four domains: physical, emotional,
social and schooling aspects of the child’s life. It is scored as
individual domains and as a total score (all four domains),
and 1s ex pressed as a percentage of maximum score. The tool
is available in age-appropriate versions: toddler (24 years).
young child (5-7 years), oldar child (8-12 years) and teen-
ager (13— 18 years). There is no child (self-rater} question-
naire for those aged 2-4 years.

As a merker of deprivation. Income Deprivation Affect-
ing Childrzn Index (IDACI) scores were calculaed using
participants’ posicoces. United Kingdom Department of
Communities and Local Government data (2015) via the
online olatform provide a selection of official statistics and
data outputs on a variety of the mes relatzd to the department
of Commumitizs and Local Government (http://opendataco
mmunities.org).

Statistical analysis

Data were analysed using SPSS version 20 for Windows
(SPSS Inc., Chicago. Illinois. United States of America).
Statistical significance was defined a p value of less than
0.05. Descriptve statistical analysis was performed. includ-
ing distribution of gender and age group (zs defined by the
PedsQl. ™ questicnnaire ).

Independent t-tests were performed to compare: the total
questionnaire scores with both healthy control data from
Varni et al’s cchort [33]. Concordance bztween self-reported
and parent-proxy questionnaire scores was compared using
u pained -lesl.

Correlation was explored between HRQoL scores and
markers of nutritional status by examination of scatter-plot.
and if appropriate, calculation of correlation coefficient
values (Spzarman’s rho), Internal consistency between the
domairs of the questionnaires was lested using Cronbach’s
alpha.

Ethical approval

The study was approvec by a Health Research Authority
South Eust—>Suriey Rescarch Ethics Comunitiee (REC Rel-
erence: |6 LOY0041). Informed consent was obtained from
parents/carers with parental responsibility. Informed assent
was additionally obtained from those children/young pecple
as participants in the study if age appropriate.

Results

A total of 46 children with pre-dialysis. conservatively man-
aged CKD were recruited with additional seven families
refusing to take part 1n the study. These seven families did
not represent a particular sub-group (a mix of dezree of renal
impairment levels, age and gender). The cohort had a mean
ape ol 10.50+4.19 years. Eighteen (39.15%) were female.
The demographic and anthropometric details cf the cohort
are given in Table |. There were no significant differences
between boys and girls; including age. time since diagno-
sis, eGFR, height DS, wzight SDS, BMI SDS, WHiR and
appetite.

Anthropometry

Mean values (with standard deviations) of height SDS.
weight SDS and BMI SDS for the cohart were —1.03
(= 151}, -0.45 (£ 1.81) and 0.32 (= 1.41), mspectively.
The majority cf children were within normal growth lim-
its (+£25D). A greater number of children were obese as
defined by WHIR than by Wt SDS or BMI SDS dcfinitions.
Eigkt children (17 4% ) had weight SDS < — 2 (malnourished
by ICD-10 definition}, three childien (6.5%) had weight
SDS = 2. One child (2.2%) was underweight for height
(BMI SDS < —2), six children (13.0%) were overweight for
height (BMI 5DS > 2) Twelve children (26.1 %) were short-
for-age (height SDS < — 2), one child (2.2%) was tall-for-
age (height SDS > 2). Twenty children (43.5%) had a waist
circamfzrence-to-height ratio greater than 0.5,

Table 1 Demographic and anthropometric datz of the cohort paediat-
nc pro-dinlysis, conservatively managed CKD

Yarizble Averages

Age (years) 1050 (3D +4.19)

Gender Male =28 (50.87% ).
Female =18
(39.13%)

eGFR (mlfmin/1.73 m™) 3733 (5D+23.55)

Number of medications 38 (SD£2.54)

Time since diagnosis imonths] 9327 (SD+55.34)
Height SDS* 0.65 IQR =2.03)
Weight SDS —043 8D 1L.81)
BMISDS 0.32 (5D £1.41)
MITIAC SDS 052 (8D £0.97)
HIWR (.49 (5D =0.07)

CKD chronic kidney discase, eGFR estimated glomerular filtration
mte, MUAC mid-upper arm circumfcrence, 80 standard deviation,
DS standard deviation score, WHIR waist circumfernce-to-height
mtic

*Mecian and interquartile range
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HRQol scores

All participants cnrolled in the study fully completed the
appropriate questionnaires, HRQoL scores are presented in
Table 2. HRQoL scores were lower in all domains for both
the sel’ rated and parent proxy comporents of the PedsQL™
tool than healthy control populations (Varni et al). There was
good concordance batween the self-rater and parent-proxy
scores (f test: n=38, ((37)=0.281. p=0.780). Details of
sub-group analysis for different ages and PzdsQL ™ domains
are available in the supplemenary marerial. There was 2
high level of internal consistency between domains of the
questionnaires with a Cronbach’s alpha of 0.810 (child self-
rater) and 0.81 | (parent-proxy ).

HRQoL and renal function

Although HRE QoL scores correlated with renal function
{(eGFR) for the child(self-rater) scores (Pearson’s coeffi-
cienl = —0.302, p=0.026), this was not e case [or the
parent-proxy scores (Pearson’s coefficient = —0.133,
p=0.377). Althcugh there is correlation of self-rated Ped-
sQL™ scores, there were no difference in PedsQLTM scores
for either self-rater or parent-progy components between
CKD stages (self-raer: F=2.284, df =5, p=0.07: parent-
praxy: F=1.117, df=35, p=0.367). Degree of proteinuria
{urinary protein-creatinine ratio, uPCR) did not correlate
with HRQoL scores. including individual domain scores
(total score (child) Spearman’s rhc—0.183, p—0.870; total
scere (parent-proxy) Spearman’s rao = —0.05, p=0.755).

HROol and anthropometry (markers of growth
and obesity)

Those who were stuntad (Height SDS < —2) had lower
HRQoL scores than thase who were not for both the child
(F(13.0394) = — 3.4356; p=0.0037) anc parent question-
naires (1(22.87220) = — 4.10670; p=0.0004). Those with

Table 2 PecsQLTM scores for the cohort compared to healthy controls

obesity (as d=fined by BMI SDS, MUAC and waist circum-
ference-to-height ratio) did not demonstrate different scores
from non obese patients. Children whose appetite was
described as either “good” or “very good” had better scores
than those with appetites described as “poor” or “very poor”
(child—#36)—2.851: p—0.007 and parent—(44)—2.010;
p=0.006).

HRQoL and micronutrient status

Correlations were explored betweern the plasma levels of
copper, szlenium, zinc and whole blood manganese. None
of these measures correlated with HRQoL scores with p
values between (1.061 and 0.731 (analysis availzble as Sup-
plementary Material).

Multiple linear regression analysis

Variables that d2monsirated correlation were used to per-
form multiple linear regression aralysis.

Child [self-rater) HROnl

On multiple hnear regression for correlated variables (eGFR
and Ht SDS). these two variables statistically significantly
predicted child self-assessed HRQoL F(2,35)=12.436,
< 00003, R*=0.415. Both Ht SDS and eGFR added sta-
tistically and significantly to the prediction of child-assessed
HR QoL (Ht 5DS p <0.0005, eGER p=0.008).

Parent-proxy HROoL

OUn multiple linear regression for positively correlated
variables (Ht SDS and IDACI). these two variables sta-
tistically significantly predicted parent-proxy HRQoL
Fi142)= 110693, p<00003, ®>=10.358. Both Ht SDS and
IDACI added statistically significantly to the prediction

Children with CKD at SCH (seli-rater)

Healthy control data (Vami et al)

Physical Emotional  Social School Total Physical Emotional  Social School Total

65.10 3438 6548 IB.B8 6422 86.85 T8.21 04 79.92 82.87
(22.57) (24.65) (23.93) (16.91) (18.000 (13.88)* (18.60)* (17.43% (16.93y* (13.167*

Children with CKD at SCH (parent-proxy Healthy control data [Vami et al)

Physical Emotional  Social School Total Physical Ermotional ~ Social School Total

65.27 6l.47 7052 £3 .48 fid6d 83.25 BO.2R 82.15 7691 81.34
(26.27) (2253) (22.80) (10.68) (19.13) (19.987# (16.0a)% (20,087 (20.163% (15.027#

Note that there 15 no self-rated score for those aged <25 years

*Significant differerce for 1 st p<C.0003
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of child-assessed HRQoL (Ht SDS p=0.0C1, IDACI
p=0.003),

Discussion

These are the first data of HRQoL as asszssed by the Ped-
sQL™ 4.0 in children with pre dialysis, conservatively man
aged CKD within the UK, and they explore the asscciation
of nutritional status with HRQoL. The aim of this study
was to report PedsQl. ™ scares in a LK population of pre-
dialysis, conservatively managed CKD and explore the asso-
clation of nutritional status on them. We hypothesised that
disease severity. obesity and short siature would demonsirate
association, bat of th2 nutritional status measures evaluated.
pour appelite and short stature demuonstrated a sirong asso-
ciation with lower HRQoL scores.

These data show that HRQoL was significantly lower in
thiz population of pre dialysis conservatively managed CKD
children than healthy control data, with mean score differ-
ences greater than the minimal clinically important differ-
ence (MCIN) seore of 4.4 (child self-assessed questinnnzire)
and 4.5 (parert-proxy questionnaire) [3]. Existing lile rature
1s imited and has focused on those with the most severe
diszasa—those with end-stage disease (eGFR <15 ml/
min/1.73 m’, in receipt of including dialysis, or who have
undergone reval wansplantaton). On e whole, tiese report
that HRQoL is lower m children with CKD compared to
healthy children, but with some conflicting results [6, 23-25,
28, 30-46]. Such conflict may be explained by the heter-
ogeneity of the tools used, but other factors may also be
cortributary.

There was no difference in scores according to age or
gender in this cohort, although previous studizs have shown
lower scores in older children/young people [46] and in girls
[435, 46]. Time since diagnosis did not correlate with HRQoL
scores. This may be explained by the heterogeneity of the
cohort, with & potential mix of those whose [IRQoL wors-
ens with time, and those that have altered “new normal”™—a
phenomenon described as “response shift” [47].

HRQol concordance between child (self-rater)
and parent-proxy scores

There was significant correlation between child [self-rater)
and parent-proxy scores, with no significant differences
either in total scores cr individual domains within any
age groups. Discordance between self-reported and parent-
proxy scores has been reported previcusly in those with
dialysis and post-renal transplantation |27-29] with other
literature showing greater psychosocial score discord-
ance in those approaching adulthood [25, 48] A degree
of disagreament is not surprising as the child’s perception

of quality of life will be different, at least in part due to
parental expectations for their child based on thzir own
lifz experiences: experiences that the child would not
nece ssarily draw comparison with. This potential lack of
comparison on e Child’s part is oue reason why HRQoL
should be assessed by children and parznts/caregivers in
order nol to over-score those that ‘don’t know any dif-
ference’. Previous studies that suggest that discordance
between self-reported and parent-proxy questionnaires
incresses as the child's age increases [25]. This is true
not only for teenapgers approachong adulthood, hnt dem-
onstrated by Rarzcuk et al, also or younger childrzn [49].
The reason for these data rot reflecting differences may be
because of the relatively small numbers within the cohort.
although the difference between child (self-rater) and par-
enl-proay svores were close W statistical signilicance in
the emotional domain (p=0.054).

HRQoL and disease severity

Child (self-rater) HRQol scores correlated with eGFR,
but parent-proxy scorz did not. and no correlation was
tound between scores and degree of proteinuria. As the
renal impairment would have greatest impact upon the
individual, then other modifying factors on the caregiver
may explain the lack of correlation vbserved in dwe pa-
ent-proxy scores. As proteinuria may be modified through
medical intervention (such as the use of engiotensin [I-
converting enzyme inhibitors}, proteinuria is not a com-
plete marker of disease severity.

Although eGFR did correlate with child iselt-rater)
HROQoL scores in our cohort. Gerson et al found that eGFR
did not correlatz with HRQoL [3]. A lack of correlation
may be explzined by the fact that @GFR is not a true reflec-
ticn of disease severity as it is too simplistic a marker.
Furthermore, it does not take into consideration co-mor-
biditics, social factors or other contributors to [IRQoL.

HRQol and growth

As previously reported in other disease groups |23],
stunted chiléren reported lower HRQol. senres than their
non-siunted counterparts, and it was the strongest influ-
ence on multiple regression analysis. The reasons for this
may ke twofold Firstlv, linear growth is a summaticn of
events, 1s affected by myriad factors and 1s a proxy meas-
ure for everything detrimental that has heppened to the
child. Secondly, short stature may have psychological
impact on the child, as both a visual reflection of o child’s
self-perceived health, and a noticeable difference between
themselves and their peers.
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HRQol and obesity

Despite previous reports from other cohorts of children
[S0]. these data do not demonstrate a lower HRQoL 1n those
with markers of obesity (BMI SDS. waist circumference-
to-height ratio). The reascn for this may be a shift of the
perczived normal body shape and “accepted™ adiposity in
children. Rates of obesity in the UK population are now
14% of children aged 2-15 years (BMI > 95th percentile)
[31], and compare similarly to the percentage of those obese
n this cohort (BMI > 2 SDS). Therefore, despite childrzn
being obese, if their day-to-day functioning is not nega-
tively impacted by this, then such children do not stand cut
from their paers, and so are perceived as “normal”, or even
bealtliy—both obese childien and their purents” ability Lo
recognise themselves as too heavy is only 26% and < 487%,
respectively [31].

HRQol and appetite

HRQoL scores were significantly higher in those with goad
appetite versus poor appetite. As appetite 1s a complex func-
tion of many factors in which general health and well-being
impact upon, this is not surprising. In addition, eating is an
important social setting—on which much of family life is
structured around. Alteration of fzeding habits, including
through eating less and a focus of the medicalisation of the
normal social activity (advice to eat certain foods, avoid cer-
tain fonds and th encourage oral intake in order to increase
calorie intake, for example). may have an impact on how
they vicw themsclves comparcd to others, and hence their

perceived HRQoL.
HRQol and micronutrient status

Biomarkers of micronutrient status did not correlate with
HRQoL scores. These measurements are prone to many fac-
tors, and have a high degre2 of buffering within the normal
range; it is only at the extremes of nutrition that these values
becuine abrormal, In addition, levels may e affecked by
ather factors such as underiying inflammatory state.

Limitations of study

There arz several limitations to this study. Firs:ly, the cohort
glthough larger than other reported cohorts is only 46 chil-
dren. Additionally, the study only measured HRQoL at a
single time-point meaning that we were unable to examine
for changing scores with time (including during changes
in nutritional status and treatment). Nutritional status is a
complex, multi-faceted concept and this study only exam-
1ned a selection of variables. Each of these measures has its
own limitations (for example, BMI not truly reflecting body

@ Springer

composition). Not all variables that may have an impact on
HRQoL. such as markers of resilience anc patient efficacy.
were explored.

Future directions

Further exploration of factors that could be influencing
HRCoL. especially those that are modifiable, 1s needed with
the aim to improve the HRQoL of our patients. It 1s not
unreasorable to predict that the nuiritional changes, includ-
ing dietary westriction found in CKD and changes of body
composition, may have a datrimental effect upon HRQoL.
Therefore, further studies analysing the impact would be val-
uable in order to optimise management strategiss to Improve
HRQoL. A larger multi-cenire cohort would allow for explo-
ration of diffzrent aetiologies and the effect this may have on
HR QoL in addition to minimising type 2 errors. Longitudi-
nal studies of HRQaL in this disease group are also needed.
Although there are cross-sectional data comparing treatment
modalities, it would be useful to know how an individual's
HR QoL changes with time., with the changing disease sever-
ity. changing treatment modality, changing nutritional status,
transitioning frem paediatric to adult services. This would
facilitate the exploration of the ways of different managez-
ment strategies, including nutritional intervention influence
HRQoL.

Concluding remarks

ERQoL is lower in pre-dialysis. conservatively managed
paediatric CKD patiznts than healthy control data. Examina-
tion of multiple nutritional variables revealed that nutritional
status is asscciated with HRQoL. Other significant variables
were ¢eGFR for child (self-rater| scores and level of depriva-
tion for parent-proxy scores.

HRQoL is a measure of an overall status, and the percep-
tion of an individual's own health status is an important
factor that healthcare providers should be aiming to improve.
As healthcare szrvices become more patient-centred, the
measures by which they are evaluated must include patient-
centred measures and by assessing HRQoL using a formel-
1sed tool. healthcars processes can be evaluated HRQcL
tools also have the potential to be used as screening tools
or to identify areas to be explored curing cutpatient consul-
tation for a more holistic consultation. For these rezsons.
ERQuL assessment should be considered [or introduction
into routine clinical care for ongoing holistic care of chil-
dren with chronic illnesses, including CKL), and to facilitate
the acquisition of longitudinal data regarding the impact of
chanzes in nutritional status and therapy.



Quality of Life Research (2019) 28:1365-1573

151

Acknowledgzments The authors would like to thank Professor Anne-
Sophic Dardington for her guidance.

Author contributions Al awhor: contributed to the conception and
desizn of the study. MH and CA collected the data. MH analysed the
data. All authors coatributed to the interpretation of data; drafting
and revizion of the manuscript and approved the final version of the
manscript.

Funding Ths study was supported by the NIHR Southampton Clini-
cal Research Facility. This repon is an independent research by the
National Institute for Health Research—Biomedical Research Unit
Funding Scheme Matthew 1 Harmer i< supported by a bequeathed
fund for renal research. The views expressed in this publication zre
those of the anthoris) and not necessarily those of the NHS, the
National Institute for Health Research or the Department of Health.

Compliance with ethical standards

Conflict of interest Mo financial or non-financial conflict of interest is
identified.

Ethical appreval All srocedures performed in studies irvolving human
partcipants were in accordance with the ethical standards of the insti-
tuticnal and/or nztional research committee and with the 1964 Helsinki
Meclaration and itz 1ater samerdments nr comparahle ethical aandards

Informed cansent Tnformed consent was ohtained from parentsfearers
with parental respomsibilizy. Informed assent was additionally obtained
from those children/young people as participants in the study if age
appropriate.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 Intzrnational License (hitp:/creativeco
mmons_erglicenses/by/4.07). which permits unrestricted use. distritu-
tion, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source. provide a link to the
Creative Commens license, and indicate if chunges were made.

References

I. Hamambal, I., van Stralen, K.J., Kim_J. I, & Tizard, E 1. {2012).
Epidemiology of chronc kidney disease in children. Pediarric
Nephrology ( Berlin, Germary), 17, 363-373.

2. Greenbaum, L. A.. Warady, B. A., & Furth, 5. L. (2009}, Current
advances in chronic kidney disease in children: Growth, cardio-
vascular, and nenrocognitive nsk factors. Semmars in Nephrology,
20,4725 434,

3. Leady. K. K. Kevick:, DA, & Gepeste, H. (1%99). Kecommenda-
tions for evaluating the validity of quality of life claims for labe-
ling and promoton. Valwe in Health: The Jowrnal of the Irterna-
roral Seciery for Plarmacescoromics and Qurcomes Research,
2, 113-127.

4. Rees, L (2009). Long-term cutcome after renal trensplantation in
childhood. Pediarric Nephrology (Belin, Germamy), 24, 473484,

5. Gerson, A. C., Wentz, A., Abraham, A. G., Mendley, 5. R,
Hooper. 5. B, Butler, R. W, Gipson, D. 5. Lande, M. B.. Shinnar,
5., Moxey-Mims, M. M., Warady. B. A.. & Furth. 8. L. (2010).
Health-related guality of life of children with mild to moderate
chronic kidney disecse. Pediamries, 125, ¢340-€357.

12

. McKenna, A. M, Keatinz, L E.. Vigneux, A., Stevens, 5., Wil-

liams, A, & Geary. D. T. (2006). Quality of lik in childen
with chronic kidney disease-patient and caregiver assessments.
Nepluology, dialysis. Gansplotation: Ocial publicaion of de
European Dialysis and Transplant Associgtion -. Ewropean Renal
Associarion, 21, 18991905,

. Momwrira. J. M., Bouissou Morais Soares, C. M., Teixeira, A. L.,

Simoes, E. 5. A.C., & Kommer. A. M. (2013). Anxiety. depres-
sion, resilience and quality of life in children ard adolescents with
pre-dialysis chronic kidney diseasc. Pediamic Nephrology (Berlin,
Germany), 30, 2153-2162.

Stone. M. B.. Boito, L. D, Feldkamp. M. L., Smith. K. R., Rolina.
L.. Yamashiro, D, & Alder. S, C. 20100, Improving quality of life
of children with oral clefis: Perspectives of parents. Tke Jonrnal
of Craniofactal Surgery, 21, 13581354,

. Fougue, .. Kalantar-Zadeh, K., Kopple, J., Cano, N.. Chauvean,

P.. Cuppari, L., Franch, H.. Guarnieri. G.. Ikizler. T. A, Kaysen,
.. Lindholm, B., Massy, Z.. Mitch, W., Pineda. E., Stervinkel, V..
Trevino-Becerra AL & Wanner, C. (2008). A proposed nomen-
clature and diagnostic crileria for profein-<nergy wasting in acule
and chronic kidney disease. Kidney International, 73, 391-398,

. Wong, C. 5., Gipson. D. §.. Gillen, D. L., Emerson, 5., Koepsell,

T.. Sherrard, D. 1., Watkins, 5. L., & Stehman-Breen. C. (2000).
Anthropometric measures and risk of death in children with end-
stage renal disease. American Journal of Kidney Diseases: The
Official Jowrnal of the National Kidney Foundorion, 36, 81 1-819.

. Bonthuws, M., van Stralen, K. 1., Verring, E.. Groothoff, J. W.,

Alonso Melzar, A., Edefonti, A., Fischbach, M.. Mendes. P..
Muolchanova, E. A, Paripovic, D., Peco-Antic, A., Printza, N.,
Rees, L., Rubik, ., Stefanidis, C. I., Sinha. M. D., Zagozdzon,
[., Jager. K. J., & Schaefer, F (2013) Underweight, overweight
and obesity in paediatric dialysis and renal transplant patients.
Nephrology, dialysis, transplantation: Official publication of the
Eurepean Dialysis and Transplant Association. Enropean Renal
Associarion, 28(3uppl 4), ivI95-iv204.

Rodig. N. M., McDermatt, K. C., Schneider. M. F., Hotchkiss,
H. M., Yadin, O., Sekkaly, M. G.. Furth, 5. L., & Warady, B. A.
(20 14) Growth in children with chronic kidnev disase: A report
[rom the Chronic Kidney Diseasz in Children Stady. Pediairic
Nephrology \Berlin, Germany), 29, 1987-1993.

. Hsu C. Y., MeCalloch, C. E. Iribarren, C.. Darbinian J.. & Go.

A. 5. (2006). Body mass index and risk for end-stage renal dis-
case. Annals of Internal Medicine. 144, 2128,

. Ribstein, J.. du Cailar, G., & Mimran, A, (1993) Combined renal

affectz of overweight and hypertenzinn. Hyperiension (Dallas,
Tex: 1979), 26, 610-n15.

Rrinksma, A | Sanderman, R Roadbal, P F| Solkers F | Riorger-
hof, J. G., de Bont, E. 5., & Tissing, W. . (2015). Malnuirition
is associated with worse health-related guality of life in children
with cancer. Supporiive Care in Cancer: Official Touwrnal of the
Multinarional Avsociarion of Supportive Care in Cancer, 23,

3043-3052.

. Butttta, M., Iliescu, C_, Rousseau, A.. & Guerrien, A. (20 11).

Quality of life in overweight and obese cheldren and adolescents:
A lerature review. Quality of Life Research: An Internaional
Jowrnal Of Quality of Life Aspecii of Treatment, Care and Reha-
bilitarion, 23, 111711309,

. Duran Aguero. 8.. Gonzalez Canete, N., Fena D’Ardaillon, F., &

Candia Johns, I'. [2015). [Associotion of intake macro md micro-
nutrents with life quality of life in elderly]. Numricion Hospial-
aria, 31.2578-2582.

. Gonzalez. 8., Huerta, J. M., Fernandez. 5., Patterson, A. M., &

Lasheras, €. (2007 ). Lilfe-quadity wdicatues o eldely poople av
infleenced by selenivm siatus. Aging Clinical and Experimental
Resewrch, 18, 10-15.

‘?_ Springer



1572

Quality of Life Fesearch [2019) 28:1565-1573

19.

22.

26.

3L

Witte, K. K., Nikitin, N. P.. Patker, A. C.. von Haghling, S.. Volk,
H.D., Anker, 5. D, Clark, A_L.. & Cleland, J. G. (2005). The
eflzct of micronutrient supplementation on qua'ity-of-life and left
ventricular furction inelderly patients with chronic heart failure.
FEvropran Hearr Jourral, 26, 2238-2244

. Oh. T.R..Kim, C.5., Bac, E. H.. Ma, 5. K, Han, 5. H., Sung. 5.

A_Lee K. Oh K.H.Ahn. C. & Kim, 8. W. (2017). Association
hetween vitamin D deficiency and bealth-related quality of life in
patients with caronic kidney disease from the KNOW CED study.
PlzS ONE, 12, e0174282.

- Johansson, P, Dahlstrom, G., Dahlstrom, U., & Alchagen,

U. (2015). Improved health-related quality of l:fe. and more
days cut of hespital with supplemenzation with selenium and
coenzyme Q1 combined. results from a double blind, placebo-
controlled prespective study. Phe Journal of Nurrinen, Health
& Aging, 19, 870-877.

Rayman, M., Thompson, A.. Wamren-Perry. M., Galassini, R,
Catterick. J., Hall E.,Lawrence, D.. & Bliss. J. {2006). Impact
of selenium on mood and quality of life: A randomized, coa-
trolled trial. Biological psychiarry, 59, 147-154.

. Reynolds.J. M., Garralda, M. E., Jameson, B. A, & Postleth-

waite, R. J. (1988). How parents and families cope with chronic
renal failure. Archives of Disease in Childhood, €3, 821-826.

- Heath, J., Mackinlay. D., Watcon, A. B., Hames, A, Wire, L.,

Scott, 8., Klewchuk, E., Milford, D., & McHugh, K. (2011).
Sclf-reported quality of life in children and young people with
chronzc kidney disease. Pediawric Nephrology ‘Berlin, Ger-
many), 26, T6i—T73.

25. Al-Uzri. A., Matheson, M., Gipson. D. 8., Mendley. 5. R..

Hooper, 5. K. Yadin, O, Rozansky, D). J., Moxey-Mims, M.,
Furth, 5. L., Warady. B. A . & Gerson, A. C. (2013). The impact
of short stature on hezlth-relaed quality of life inchildren with
chronic kidney disease. The Journal of Pediairics, i63.7 36—
741.e731.

Teixeira. C. G.. Duartz Mdo. C.. Prado. C M.. Albuguerque. E.
C., & Andrade, L. B. (2014). Impact of chronic kidney discase
on quality of life, ‘ung function, and functionsl capacity. Jormal
de pediarria, 90, 580-386.

. Amnthony, 5. J., Hebert. I, Todd. L., Korus, M., Langlos, V.,

Pool, R., Robinson, L. A., Williams, A., & Pollock-BarZiv, 5.
M. {2010}, Chald and parcatal perspeciives of mullidimensional
quality of life outcomes after kidney ransplantation. Pediamic
Transplaniaiten, i<, 249-256.

?8. Sundaram, 5. 5., Landgraf, J. M_, Neighbors, K., Cohn, R A &

Alonso, E. M. (2007), Adolescent health-related guahty of hie
following liver and kidney transplantation. American Journal
of Transplantation: Official Jowrnal of the American Sociery of
Transplanarion and the American Sociery of Transplam Sur-
geons, 7, 982-989,

. Varni, J. W., Limbers, C. A.. & Burw:nkle. T. M. (2007).

Impaired e alth-related quality of 1ifz in children and adoles-
cents with chronic conditions: A comparative analysiz of 10
disease clusters and 13 disease categories/severities utilizing
the PedeQL 1.0 Genenc Core Scales. Health and Quality of Life
Ouicemnes, 5, 43,

- Group, K. D.1. G. O, K. C. W. (2013). KDIGO 2012 clinical

practice guideline for the evaluaticn and management of chronic
kidney disease. Kiduey fmernarional, 3, |-130.

Chaput, I. P., Katmarzyk, P. T.. Barres, I. D., Fogelholm, M.,
Hu, ., Kuriyan, K., Kurpad, A., Lambert, E. V.. Maher, C.,
Maia, 1., Matsude, V., Olds, T., Onywera, Y., Sarmiento, 0.
L., Standzge. M., Tudor-Locke, C.. Zhac, P.. & Tremblay, M.
5.(2016) Mid-upper arm circamfzrence &s a screzning teol for
identifying children with obesity: A 12-country study. Pedianmic
Obexiiv.

£ springe

32,

3.

3.

36.

3B.

39.

11.

42,

43,

45.

47.

Ashwell, M.. Lzjeune, 5.. & McPherson, K. (1994). Ratio of
waist circumferznee to height may be better indicator of need
for weight management. BMJ, 712,377,

Varni, J. W, Burwinkle, T. M.. Se:d, M., & Skarr, D. (2003).
The PedsOL 4.0 as a pediatric population health measure: Fea-
sibility, reliability, and validity. Ambularery Pediatrics: The
Official Journal of the Ambulotory Pedigiric Associarior. 3.
320341,

Varni, J. W, Burwinkle, T. M., Jacobs, J. R., Gotischalk, M..
Kaufman, F., & Jones, K. L. {2003). The PedsCQL in type | and
rype 2 diabetes: Reliobility ond validity of the pediatric quelity
of life inventory generic core scales and type | diabetes module.
Driaperes Core, 246, 531-637.

. Varmi, J. W, Burwinkle, T. M., Kalz, E. R., Meeske. K., & Dick-

mson, P (20021, The PedsQL in pediaric cancer; Reliability
and validity of the pediatric gquality of life inventory genaric
core scalkes, multidimensional fatigue scale. and cancer module.
Cancer, 94, 2090-2106.

Chan, K. 8., Mangione-5Smith. K., Burwinklz, T. M., Rosen, M.,
& Varni, J. W. (2005). The PedsQL: Relizbility and validity of
the shor-form generic core scales and Asthma Module. Medical
Care, 41, P56-76%

. Eiser, C.. & Morse, R. (2001). Quality-of-life measures in

chronic diseases of childhood. Health Tecknology Assassment
(Winchester, England), 5, 1-157.

Upten, P.. Eiscr, C., Cheung, 1., Hutchings. H. A, Jenncy, M.,
Macdodks, A, Russell, I. T., & Williams, J. G. (2005). Meas-
urement preperties of the UK-English version of the Pediziric
Quality of Life Inventory 4.0 (PedsQL) generic core scales.
Health and Qualiry of Life Quicomes, 3, 22

Discth, T. H., Tangeraas, T.. Reinfjell, T.. & Bjerre, AL (2011).
Kidney ransplantation in childhood: Mental health and quality
of life of children ard caregivers. Pediawric Nepirology (Berlin,
Germany), 26, |1881-1892,

. Ovist. E.. Narhi, V., Apgjasalo. M_. Roonholm, K., Jalanko, H.,

Almgvist, F, & Holmberg, C. {2004). Psychosccial adjustment
and ruality of life after renal transplantztion in early childhood
Pediairic Transplantarion, 8, 120-125.

Goldste'n, 8. L.. Graham, N., Burwinkle. T.. Warady. B.. Far
rah, R.. & Varn., J. W. {2006). Health-related quality of life in
sedistric patients with ESRD. Pediaric Nephrology 'Berlin,
Germany), 21, 346-85C.

Eijsermans, K. M., Creemers, D. G., Helders, P. 1., & Schroder,
C. H. (2004). Motor performancs, exercise tolerance, and
nealth-related quality of life in children on dialysis. Pediarric
Nephrology ( Berlin, Germarny), 19, 12621266,

Hamiwka, L. A., Cantzll. M., Crawford. 8., & Clark, C. G.
(2009). Physicel activity and health related quality of life in
children following kidney transplantaticn. Fediarric Transplan-
iarion, 13, 861-867,

. Falger, J., Landolt, M. A, Latal, B., Ruth, E. M., Neuhaus, T.

1. &Tanhe G F (W0R) Ontcome after renal ransplantation

Part 11: Quality of life and psychosocial adjustment. Pediarric
Nephrology { Berlin, Germany), 23, 1347 1354,

Neul, 8. K., Minard. C. G., Cuarrier, H., & Goldstein. 8. L.
(2013). Health-rcloicd quality of like functioning over a 2-ycar
perind in children with end-stage renal disease. Pediarric Neph-
rofogy (Beriin, Germany), 28, I85-293.

. Marriano, E. C., Bouisson Soawes, C. M., Diniz, J. 5. 8., Lima,

E. M.. Silva, J. M. P., Canbestro, M. R.. Gazzinelli, A . Melo,
C. C. D., Dias, C. 5... Comrea. H., & Oliwira, E. A. (2011).
Behaviceral disorders and low guality of life in children and
adolescents with chronic kidney disease. Pediatic Nephrology,
26, 181-290.

Sprangers. M. A & Schwanz, C. E. (1999). Integraling
response shift into health-related guality of life research:



RESEARCH BRIEF

Vitamin B6 in Pediatric Renal Transplant

Recipients
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Objectives: Our aim was to assess the vitamin B6 intake and biochemical status in a sample of children who have undergone renal

transplantation.

Methods: A prospective observational study was performed in 10 pediatric renal transplant recipients to determine their vitamin B6
status through dietary assessment and serum Pyridoxal 5'-phosphate (PLP) measurement.

Results: Ten children (mean age of 11.9 years) had median serum PLP concentrations of 62.45 nmol/L (interquartile range +83.40).
Two children (20%) had values above the reference range, and none below. Mean vitamin B6 intake was 138.7% of reference nutrient
intake (standard deviation +35.2%). No children were in receipt of vitamin B6 supplementation.

Conclusion: There is no previous Iterature on vitamin B6 status in children who have undergone renal transplantation. In adult trans-
plantrecipients, elevated serum PLP concentrations have been described and ascribed to possible excessive intakes. In this sample, no
children appeared biochemically deficient, but 20% had elevated concentrations, Dietary intakes were not excessive, and no children
reported oral Vitamin B6 supplementation. Exploration of vitamin B6 metabolism in this population is required.
© 2018 Published by Elsevier Inc. on behalf of the National Kidney Foundation, Inc.

Introduction

ITAMIN B6, IN its active form pyridoxal 5'-phos-
phate (PLP), is essential as a coenzyme in the meta-
bolism of amino acids and fatty acids and has additonal
roles in gene expression and immune function.' Pyridoxine
is found in a variety of foods including meat, eggs, and veg-
etables.” Patients who have undergone renal ransplantation
are at risk for altered vitamin B6 status and metabolism
because of altered dietary habits associated with dietary re-
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straint and uremia, medication regimens that may affect
metabolism, and continuing renal dysfunction.”" Vitamin
B6 may be of particular interest posttransplantation, given
its role in the bodys inflammatory and immune
response, Previous literature has shown that adult renal
transplant recipients do not appear to have biochemical ev-
idence of viamin B6 deficiency, but a minority may have
high serum PLP concentrations, which were believed to
be associated with excessive dietary vitamin B6 intakes.”
In the pediatric chronic kidney disease (CKD) population,
dialysis has been auocmed with madcquae dietary
vitamin B6 intake, " as well as normal,” hlgh "and low
serum PLP concentrations,'' In children with predialysis,
conservatively mamged CKD, poor dietary intakes have
also been reported.’” There is no available literature on
intake or blood concentrations in children after renal
transplantation.’
The aim of this study was to evaluate the vitamin B6
intake and status of a group of children who had received

a renal ransplant graft.

Methods

Children berween 3 and 18 years of age who had
received a renal transplant were identified via the electronic
medical record and invited to participate in the study. Pro-
cedures were completed during usual clinic appointments
to avoid unnecessary visits to the hospital. Data from the
normal climical record, including results from routine clin-
ical blood results, were collected. These routine clinical
blood tests included serum albumin, inorganic phosphate,
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C-reactive protein (used as a surrogate marker for inflam-
mation) and were analyzed through the clinical pathology
department as per usual practice.

Dietary intake of the children was performed by an expe-
rienced registered diettian (C.A.) by 24-hour dietary
recall, using a multiple-pass approach (an unstructured, un-
interrupted listing of all foods and beverages consumed, fol-
lowed by a structured approach to data collection including
memory cues, ending in an unstructured question for any
other foods recalled and included several additional mem-
ory cues). Food intake was coded and analyzed using Net-
wisp computer software (Tinuviel Software Lid, UK),
which provides comprehensive nutrient analyses using a
large food database, to give estimated nutrient content
and compared with dietary reference values.” PLP was
measured to assess vitamin B6 status, and concentrations
were determined by high-performance liquid chromatog-
raphy.'* Folate and vitamin B12 status were also assessed
as their status may have an impact on vitamin B6 status,
sharing important biochemical pathways including the
transsulfuration pathway. Folate and vitamin B12 concen-
trations were determined by measurement using a para-
magnetic particle, chemiluminescent immunoassay on an
Access Immunoassay System (Beckman Dxd 800),

Data were analyzed using SPSS version 20 for Windows
(SPSS Inc., Chicago, IL). Staustical significance was defined
a Pvalue ofless than 0.05, Descriptive statistical analysis was
performed; including numbers of males and females. Values
were expressed as mean and standard deviatons (SDs) or
median and interquartile range as appropriate after assess-
ment of distribution by Shapiro~Wilk test. PLP concentra-
tdons were reported as “below reference range”
(<30 nmol/L), *within reference range” (30-144 nmol/
L), or “above reference range” (>144 nmol/L)."” Rela-
tionships were explored through cross-tabulation, and cor-
relations were explored between variables, including
between PLP and estimated glomerular filtration rate
(¢GFR) reporting Pearson’s coefficient or Spearman’s
rtho. Serum albumin and phosphate, as important markers
associated with disease progression, were also included in
the analysis. Differences between mean values were
explored using f-test or Mann-Whitney U-test, as

appropriate.

Results

Ten children (8 males) with 2 mean age of 11.9 years,
none of whom were receiving dialysis, were recruited to
the study. All children consumed an oral diet; one of
whom was on supplementary feed (Nutrini Energy Muld
Fibre; Nutricia). No children were taking vitamin supple-
ments. No children were in receipt of medicanons known
to disrupt vitamin B6 metabolism, such as anubiotics or hy-
dralazine for blood pressure control. Table 1 illustrates the
group characteristics of participating patients.

Table 1. Group Characteristics

Variable Mean (+Standard Deviation)
11.90 (+3.10)
eGFR (mL/min/1.73m?) 48.06 (+11.59)
Inorganic phosphate (mmoVL) 1.35(+0.14)
Albumin (g/L) 38.60 (+2.63)
Time since transplantation (mo) 36.43 (x21.11)
Etiology of Renal Failure Number of Children (%)
Nephrotic syndrome 2 (20
Focal segmental glomerular 2 (20)
sdlerosis
Dysplasia 2 (20)
Obstructive uropathy 2 (20)
Acute cortical necrosis 1(10)
Unknown 1(10)
Immunosuppressive Therapy  Number of Children (%)
Steroids 10 (100)
Caicineurin inhibitor 9 (90)
(tacrolimus)
Azathioprine 2 (20)
Mofetil mycophenolate 3 (30
mTOR inhibitor (siromus) 1(10)

oGFR, estimated glomerular filtration rate; mTOR, mechanistic
target of rapamycin.

PLP Concentrations

Median serum PLP concentrations were 62.5 nmol/L
(interquartile range *83.4; range = 33.4-309.5). Two chil-
dren (20%) had values above the normal reference range
(186.6 nmol/L and 309.5 nmol/l); no children had values
below the normal reference range. No correlation between
renal funcuon (eGFR) and serum PLP concentrations were
found (Spearman’s rho = 0.418; P =.229). Those with the
highest serum PLP concentrations were not those with the
most impaired renal function (second and sixth highest
GFR). On cross-tabulation, there was no pattern between
those of elevated serum PLP and inorganic phosphate oral-
bumin concentrations, underlying etiology of renal failure
or immunosuppressive drug regimen.

Dietary Intake

Mean viamin B6 intake was 1.3 ug/day (SD %= 0.6;
range = 0.5-2.2 ug/day), and 138.7% of reference nutrient
intake (SD % 35.2; range = 77%-190%). No children had
intakes below the lower reference nutrient intake. No chil-
dren were in receipt of nutritional supplementation of
vitamin B6. There was no association between those with
elevated PLP concentrations and dietary intake (Mann—
Whimey U-test T = 6.00; P =.71),

Other B-Vitamins

To explore the possibility of disturbance in shared path-
ways that may explain any altered vitamin B6 status, folate
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and vitamin B12 status were also assessed. Mean plasma
folate concentrations were 12.2 ng/mL (SD * 8.2), and
plasma vitamin B12 concentrations were 377.0 ng/L
(SD % 136.9). Of the 2 participants with elevated serum
PLP concentrations, one had elevated folate (>25 ng/
mL) with a vitamin B12 of 400 ng/L (rank order 8 of
10), the other had a folate of 3.1 ng/mL (rank order 1 of
10), and a vitamin B12 of 197 ng/L (rank order 1 or 10).

Discussion

Vitamin B6 status in renal transplant recipients has been
seldom reported, and not previously in children. This is
despite the recognition that vitamin B6 functions as an
important cofactor in pathways that may be disturbed in
renal disease, including amino acid and fany acid meta-
bolism, immune function, and oxidative stress.” This study
reports vitamin B6 status in this population but also demon-
strates that excessive dietary intake of vitamin B6 is unlikely
to be the reason for high levels reported in this posttrans-
plant population. Future study is warranted to examine
the possible alteration in vitamin B6 metabolism that may
be at play in this populaton.

Excessive intake of vitamin B6 has been associated with
neuropathy with an upper recommended intake of children
between 5 and 20 mg/day depending on age.' Although
PLP is used as a marker for intake,'” the validity of this
has not been shown in the posttransplant population. There

are many other factors that may affect PLP concentrations
(see Fig. 1). There is no evidence that elevated PLP alone
is associated with specific symptoms or outcomes but may
represent altered flux through metabolic pathways rather
than true hypervitaminosis.

There was no correlation with vitamin B6 status and
renal funcuon. This is in agreement with previous literature
in adult patients.”"” There was also no correlation between
PLP and C-reactive protein concentrations, and no pattern
observed with folate and vitamin B12 levels. Previous
literature has reported the association of low vitamin B6
and inflammatory markers.'”"" The data reported here
are in agreement with healthy adult data, suggesting that
it may only be in those with vitamin B6 deficiency that
such as association is observed.

This study reports serum PLP concentrations in a small
group of pediatric renal tansplant recipients that are at
risk from vitamin B6 depletion because ofboth discase pro-
cess and medical management. ' This study did not demon-
strate inadequacy but does report individuals with high
concentrations. Jankowska's study of adult transplant recip-
ients reported similar results but was unable to exclude
excessive dietary intake as a contributing factor.” In the
data reported here, elevated PLP was not associated with
excessive intakes or supplementation and implies that other
reasons for elevated concentrations must be sought. There
are recognized limitations of the dietary analysis, but serum
PLP concentrations above the normal reference range

utilisation |
Excretion |

__ Tissues |
Other |
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with excretion into the urine. As a transport pool, plasma PLP does not report

4-pyridoxal
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because of excessive intake are unlikely in the absence of
supplementation.

Factors that influence the transport pool (plasma PLP) are
shown in Figure 1. Colonic supply of B vitamins to the hu-
man host has not been evaluated. Magnisdéttir et al
demonstrated that a large number of species have the ability
to synthesize vitamin B6.”" If this is the cause of the hyper-
vitaminosis B6 reported in these and other data, then it
would be expected to find different composition of gut mi-
crobiota with a higher volume of those species that have
vitamin B6 synthesis pathways (including Baderoides spp.)
and lesser proportion of those without those pathways
(including Clostridium difficile and Faecalibacterium spp.).
The gut microbiota is influenced by several factors,
including recent anubiotc use and disease state. Those
with CKD have a dysbiosis, with less diversity of species.”’
The effects of renal transplantation and immunosuppressive
regimens on the gut microbiota need further study. The
impact of vitamin B6 status on the risk of allograft rejection
has not been characterized, and this warrants further inves-
ugation, as if immune function is depressed in those with
lower or deficient concentratuons of vitamin B6 as previ-
ously suggested,” then risk of acute rejection may be
increased with its elevation, and increased vigilance needed.

Limitations

Thisstudy 1 limited by the very small sample size. Larger
studies are needed exploring potential changes in metabolic
pathway actvity, the measurement of other nutrients, and
potential role of the microbiome. In addition, the study
did not explore if elevated PLP was associated with clinical
outcomes; including risk of rejection.

Practical Application

Our data would indicate the need for caution in using
supplements containing vitamin B6 in children postrenal
transplantation. Itis unclear whether serum PLP adequately
marks vitamin B6 status in these circumstances. Therefore,
the cost of laboratory measurement may not be justified
although may be considered if signs and symptoms of hy-
pervitaminosis B6 (neuropathy, photosensitivity, nausea,
and heartburn) present. The role of vitamin B6 and im-
mune function should be examined more closely.
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11.17. GLOSSARY OF TERMS

Adverse event (AE) — an unwanted clinical symptom, sign or disease, or an abnormal laboratory finding, that is related in time
to, but is not necessarily caused by, the administration of an IMP to a subject in a clinical trial.

Advisory Committee on Borderline Substances (ACBS) — the UK committee responsible for advising approved prescribers
about the prescribing of certain foodstuffs and toiletries.

Algorithm — procedure for making a series of choices among alternative decisions to reach an outcome.

Appetite — the desire to eat food.

Audit — a systematic and independent review of trial-related activities and documents, to find out if the activities were carried
out, and if the data were recorded, analysed, and accurately reported, according to the protocol, SOP, GCP, GMP and
regulatory requirements.

Bioavailability — a measure of how well a medicine is absorbed by the body.

Biomarker — a laboratory or clinical measure of the body’s response to an event that might indicate that, for example an IMP
is working. When a biomarker can replace a clinical endpoint it is called a surrogate endpoint.

Case report form (CRF) — a printed, optical, or electronic document designed to record all of the information that is required
by the clinical trial protocol, and is to be reported to the sponsor, for each trial subject.

Chief investigator — leads a group of principal investigators.

Chronic Kidney Disease - abnormalities of kidney structure or function, present for 3 months or more, with implications for
health.

Compliance — meeting the relevant requirements for a trial-related function.

Cytokine — small proteins produced by cells, mainly white blood cells, in response to an immune stimulus. They mediate and
regulate immunity and inflammation.

Data Protection Act — legislation to give people the right of control of personal information that is held about them.
Declaration of Helsinki — guidelines of the World Medical Association that protect the rights, safety and well-being of
subjects who take part in clinical trials, and are revised every four years — Directive 2001/20/EC is based on the 1996 version.
Disease Progression — a measurable decrease in kidney function.

Documentation — the process of creating records, in a written, magnetic, optical or other form, that describes the methods and
conduct of the study, factors affecting it, and the action taken. Records include the protocol and any amendments, copies of
submissions and approvals from the MHRA and REC, curricula vitae, information and consent forms, monitor’s reports, audit
certificates, relevant letters, reference ranges, raw data, completed CRF and the final study report.

Dose — the amount of an IMP given to the trial subject on one or more occasions (single- or multiple-dose). A dose may be
one or more tablets, capsules, injections or other form of the IMP.

End-stage Kidney Disease (ESRD) — glomerular filtration rate of < 15ml/min/1.73m%

Efficacy — whether an IMP is effective.

Exclusion criteria — reasons for excluding a subject from a trial, such as taking another medicine, having an illness or having
out-of-range laboratory results.

Fibrosis — the thickening and scarring of connective tissue, usually as a result of injury.

Food for Special Medicinal Purposes (FSMP) — a specially processed or formulated food intended for the dietary
management, under medical supervision, of patients (including children) who suffer from a disease, disorder or medical
condition and whose dietary requirements cannot be met by modifying a normal diet only.

General Medical Council (GMC) — registers and regulates UK physicians.



Good clinical practice (GCP) — an international ethical and scientific quality standard for designing, conducting, recording,
monitoring and reporting studies that involve human subjects. GCP ensures that the rights, safety and well-being of the trial
subjects are protected, and that the trial data are credible and accurate.

Health-related quality of life (HRQoL) - an individual's subjective perception of the impact of health status, including disease
and treatment, on physical, psychological, and social functioning.

Human Tissue Act — legislation to regulate the removal, storage and use of human organs and tissues.

Inclusion criteria — conditions that must be met if a subject is to join a trial.

Informed consent — a process by which subjects voluntarily confirm their willingness to take part in a trial after having been
fully informed about it. Informed consent is documented by means of a written, signed and dated consent form.

Investigational medicinal product (IMP) — a potential new medicine, a placebo or a comparator. Includes a marketed product
when used or assembled in a way different from the approved form, or when used for an unapproved indication or to gain
further information about an approved use.

Investigator — a researcher who carries out a clinical trial. A principal investigator leads a team of researchers. A chief
investigator leads a group of principal investigators. In some units, the chief investigator and the principal investigator may be
the same person.

in vitro — outside the body, such as in a test tube (the opposite of in vivo).

in vivo — in the living body.

Ligand — a molecule that binds to a protein or receptor.

Likert Scale — An agreement scale used to measure respondents' agreement with a variety of statements, and enable complex
opinion to be quantified and compared.

Lower Reference Nutrient Intake (LRNI) — An amount of the nutrient that is enough for only the few people in a group who
have low needs.

Medicines and Healthcare products Regulatory Agency (MHRA) — a body required by law to assess the safety, quality and
efficacy of medicinal products and devices, and to enforce GCP, GMP and GLP.

Metabolism — the chemical process that occur to maintain life within a living organism.

Nephron — microscopic structural and functional unit of the kidney.

Osmolality — the concentration of a solution, expressed in terms of the amount of osmotically active solute per litre of the final
formula solution.

Paediatric Renal Interest in Nutrition Group (PRING) — a national working group of specialist paediatric kidney dietitians that
have representation from all the paediatric nephrology centres in the UK

Phase 1 — trials of an IMP in subjects, either healthy subjects or patients, who will not benefit from the IMP.

Phase 2 — early trials of an IMP in subjects with the target disease who are expected to benefit from the IMP.

Phase 3 — late trials of an IMP in many subjects with the target disease who are expected to benefit from the IMP.

Phase 4 — post-marketing trials of a medicine to compare it with other treatments.

Placebo — a preparation that looks and may taste like the IMP that is being tested but contains no active substance (a dummy
medicine).

Pre-clinical studies — studies in laboratory animals in vivo or in tissues, cells, components of cells or biological fluids of
laboratory animals or humans in vitro before the start of Phase 1 trials. Also called non-clinical studies.

Pre-dialysis, conservatively-managed CKD - the presence of chronic kidney disease, but with kidney great enough not to
require renal replacement therapy.

Principal investigator — leads a team of investigators (researchers).



Reference Nutrient Intake (RNI) — An amount of the nutrient that is enough, or more than enough, for about 97% of people in
a group. If average intake of a group is at RNI, then the risk of deficiency in the group is very small.

Research ethics committee (REC) — an independent group of medical and scientific professionals and members of the public,
with no financial interests or affiliations with the sponsor or researchers, who give an opinion on the ethics of a trial.

Risk — potential for harm.

Serious adverse event (SAE) or serious adverse drug reaction (serious ADR) — any untoward medical event that at any dose of
a medicinal product: results in death; is life-threatening; requires a stay in hospital or prolongs an existing stay in hospital;
results in persistent or significant disability or incapacity or is a congenital anomaly or birth defect.

Suspected unexpected serious adverse (drug) reaction (SUSAR) — a serious adverse event considered by the investigator or
sponsor to be possibly or probably related to the IMP under test and for which the nature and/or severity differs from the
information in the investigator’s brochure.

Young Person (YP) — A person aged between 11 and 25 years.
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