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Abstract
Background: The percentage of malnourished patients in the acute renal hospital wards
has been reported as 52.6% and associated with increased hospital stay and morbidity.
There are currently no published nutrition screening tools that are sensitive enough to
detect undernutrition risk in this patient group.

Aim: To develop and validate a rapid nutrition screening tool that is sensitive and
specific to recognise renal inpatients at undernutrition risk.

Method: The renal nutrition screening tool (R-NST) was modified from the malnutrition
screening tool (MST) that has been validated in the acute care setting. It includes the
traditional risk variables such as involuntary weight loss and reduction in food intake, as
well as biochemical measures to increase the effectiveness of recognising undernutrition
risk. It was designed in three simple, accumulative steps. The new R-NST was validated
using a prospective, blind comparison to a gold standard study design (N = 122). The
undernutrition risk of each participant identified by the research assistants using the RNST was compared to the nutritional status independently assessed by the researchers
using the 7-point subjective global assessment (SGA) as a gold standard and hand grip
strength (HGS) as a functional indicator. The R-NST was autonomously undertaken by
nursing staff to determine its feasibility as a routine screening on ward level.

Results: The SGA and R-NST tools classified 63.9% and 68.0% of participants as
malnourished or at undernutrition risk, respectively. The R-NST was valid to detect
undernutrition risk (sensitivity = 97.3%, specificity = 74.4%, positive predictive value
(PPV) = 88.0%, negative predictive value (NPV) = 93.6%) compared to the SGA. The HGS
in malnourished participants were lower than those that are well nourished in either
women (p = 0.001) or participants aged under 65 years (p = 0.009). The R-NST showed
ability to recognise participants requiring dietetic intervention due to their renal
conditions. The compliance rate in the R-NST screening by the nursing staff was low
(22.6%).
i

Conclusion: The R-NST is a good diagnostic tool for identifying acute renal patients at
undernutrition risk and facilitating timely dietetic referral. Further research is warranted
to explore innovative yet effective interventions to enhance nutrition screening
compliance in ward practice.
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Chapter One
1.

Introduction

Renal failure describes a medical condition in which the kidney becomes inadequate to
filter toxins and waste from the blood (Levey et al., 2002). There are two forms of renal
failure, namely acute kidney injury (AKI) that is identified by the rapid loss of kidney
function, and chronic kidney disease (CKD) that occurs when the function of the kidney
declines slowly and steadily (Levey et al., 2002). Chronic kidney disease could take up to
several years to develop with initial few symptoms (Levey et al., 2002).

The prevalence of renal failure around the globe is increasing, particularly among
indigenous people (Grace et al., 2012, Steenkamp et al., 2011, United States Centers for
Disease Control and Prevention, 2010). In New Zealand, the prevalence of end-stage
renal failure was found to be higher in Māori and Pacific peoples (indigenous people)
than in New Zealand Europeans (Simmons et al., 1994). McDonald and colleagues (2011)
reported that the incidence rates of indigenous people in New Zealand commencing
renal replacement therapy are considerably greater than non-indigenous people. In New
Zealand, Auckland has the largest urban Polynesian population, which includes New
Zealand Māori, Western Samoans, Tongans, Niueans, and Cook Islands Māori (Ministry
of Pacific Island Affairs, n.d.). According to the 2006 census (Statistics New Zealand,
2006), Counties Manukau District Health Board (CMDHB) is responsible for providing
healthcare services for people living in South Auckland, which has a population of
433,086 of whom 15.5% are Māori, 21.5% are of Pacific Island origin, 16.9% are Asian
and the remainder being predominantly New Zealand Europeans. This large proportion
of the Māori and Pacific Island population may also have a different impact on the need
for healthcare services within the CMDHB.

A health needs assessment conducted by the Health and Disability Intelligence Unit
(2008) indicate that in CMDHB, the rate of hospitalisations of people with renal failure
due to diabetes (30.5 per 100,000) was significantly higher than the national rate (19.7
1

per 100,000). Furthermore, the hospitalisation rates of Māori and Pacific Island peoples
with renal failure due to diabetes were markedly greater, 103.7 per 100,000 and 106.8
per 100,000, respectively, compared to New Zealand European, 9.1 per 100,000 (Health
and Disability Intelligence Unit, 2008). Therefore, it is important to strive for delivering
better quality of healthcare in treating renal disease among Māori and Pacific peoples in
the area serviced by CMDHB.

1.1

Justification of the study

Undernutrition among patients with both acute and chronic renal failure has been well
documented and the causes are often multifactorial (Strejc, 2005, Dukkipati and Kopple,
2009, Kopple, 1999). Decreased nutrient intake caused by loss of appetite is considered
as a major contributing factor. (Strejc, 2005, Dukkipati and Kopple, 2009, Kopple, 1999).
Loss of appetite may be induced by increased uremic toxins built up in the body that is
associated with renal failure, as well as emotional depression, medications or
inflammatory state (Dukkipati and Kopple, 2009). Undernutrition in patients with renal
failure are associated with longer hospital stay and increased morbidity (Ikizler et al.,
1999, Pupim et al., 2003, Fiaccadori et al., 1999). The quality of life in malnourished CKD
patients is often compromised even before the start of dialysis (Campbell et al., 2008,
Rambod et al., 2009). The decline in nutrition status in CKD patients is defined by Kaysen
and colleagues (2004) as decreased serum albumin and body mass index (BMI)
associated with increased mortality. However, the percentage of malnourished patients
in the hospital who were neither identified nor referred for further nutrition
assessments and treatment found in several retrospective studies was 60 – 85% in UK
hospitals, 64% in a Norwegian hospital and 73% in a Singaporean hospital (Raja et al.,
2004, Mowé et al., 1994, Campbell et al., 2002, Edington et al., 2000, Kelly et al., 2000,
McWhirter and Pennington, 1994). A recent British study by Lamb et al. (2009) also
found that only 68·9 % of the inpatients had been screened for malnutrition. This
research study pointed out that more than half of patients identified as having the
highest risk of undernutrition by ward staff, were not referred to dietetic services via the
local hospital referral system (Lamb et al., 2009). As the incidence of undernutrition in
hospital is high and failure to recognise or to refer for further nutrition assessments also
2

remains high, renal patients are particularly vulnerable. It is thus clear that screening of
patients’ nutritional status by health care professionals is imperative to ensure that
appropriate and timely referral can occur to avoid further deterioration of nutrition
status and to reduce hospital stay and related complications (Lamb et al., 2009,
Campbell et al., 2002, Edington et al., 2000, Kelly et al., 2000).

Nutrition screening tools typically use a questionnaire format to assess factors known to
lead to or be associated with malnourishment. There has been various nutrition
screening tools developed worldwide, such as the Malnutrition Universal Screening Tool
(MUST), Malnutrition Screening Tool (MST), Short Nutritional Assessment Questionnaire
(SNAQ), Mini Nutritional Assessment - Short Form (MNA-SF) and Nutritional Risk Score
(NRS 2002) (Rubenstein et al., 2001, Kruizenga et al., 2005a, Ferguson et al., 1999, Elia,
2003, Kondrup et al., 2003b) (see Table 1.1).

3

Adult patients, acute care setting

Malnutrition Screening Tool
(MST), (Ferguson et al., 1999)
Short Nutritional Assessment
Questionnaire (SNAQ),
(Kruizenga et al., 2005a)

Adult patients, acute care setting,
the community setting

Specific groups and settings
All adults, acute care setting,
residential aged care setting and the
community setting
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Moderately malnourished:
5-10% unintentional weight loss in the
last 6 months.

If one or more of the following
conditions, then severely malnourished:
BMI < 18.5 kg/m2, or
unintentional weight loss > 5% in the
last month, or > 10% in the last 6
months.

Moderately undernutrition: BMI < 18.5
kg/m2, or unintentional weight loss (59%) with moderate loss of
subcutaneous fat and/or moderate
muscle wasting due to inadequate
intake.
Subjective global assessment (SGA)

Reference standard
Severe undernutrition:
BMI < 18.5 kg/m2, or
unintentional weight loss (≥ 10%) with
severe loss of subcutaneous fat and/or
severe muscle wasting due to
inadequate intake.

A summary of various nutrition screening and assessment tools

Nutrition screening tools
Malnutrition Universal
Screening Tool (MUST), (Elia,
2003)

Table 1.1

(Ferguson et al., 1999, van Venrooij
et al., 2007)
(van Venrooij et al., 2007,
Neelemaat et al., 2008)

References
(Stratton et al., 2004, Stratton et
al., 2006, Elia, 2003, Kyle et al.,
2006)

Specific groups and settings
All adults, acute care setting,
rehabilitation setting, residential
aged care setting and the
community setting

Older adults (aged ≥ 65 years), acute
care setting, rehabilitation setting,
residential aged care setting and the
community setting

Mini Nutritional Assessment
(MNA) (Guigoz et al., 1997)

Older adults (aged ≥ 65 years), acute
care setting, rehabilitation setting,
residential aged care setting and the
community setting
Adult patients, acute care setting

Nutrition assessment tools
Subjective Global Assessment
(SGA) (Detsky et al., 1987)

Nutritional Risk Score (NRS
2002), (Kondrup et al., 2003b)

Mini Nutritional Assessment Short Form (MNA-SF),
(Rubenstein et al., 2001)
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Reference standard
Anthropometric measures: percentages
of ideal weight, ideal lean body weight
and body.
Biochemical measures: serum albumin
and total cholesterol levels
Anthropometric measures: weight,
height, triceps skinfold, mid arm
circumference, and calf circumference.
Biochemical measures: serum albumin
and total cholesterol levels
For undernutrition: BMI < 18.5 kg/m2,
levels lower than 35 g/L of albumin
or 1.5 g/L of total cholesterol

Subjective global assessment (SGA)

The Mini-Nutritional Assessment (MNA)

(Kuzuya et al., 2005, Persson et al.,
2002, Compan, 1999, Gazzotti et
al., 2000, Van Nes et al., 2001,
Vellas et al., 1999, Neumann et al.,
2005, Thomas et al., 2002, Donini
et al., 2003, Christensson et al.,
2002, Saletti et al., 2000,
Visvanathan et al., 2003)

Reference
(Baker et al., 1982a, Baker et al.,
1982b, Duerksen et al., 2000,
Christensson et al., 2002, Sacks et
al., 2000)

(Rubenstein et al., 2001, Ranhoff et
al., 2005, Neumann et al., 2007,
Kuzuya et al., 2005, LangkampHenken et al., 2005)
(Kondrup et al., 2003b, Stratton et
al., 2004, Kyle et al., 2006)

However, these tools are often designed for specific groups (e.g. oncology patients,
hospital patients in certain disease states), specific age groups (e.g. older adults) and
settings (e.g. acute care setting, rehabilitation setting, aged care setting or community
setting) (Barendregt et al., 2008, Weekes et al., 2004, Kruizenga et al., 2005a,
Rubenstein et al., 2001). Various reference standards are also employed to validate
these tools since there is no ‘gold standard’ or universally accepted definition for the
diagnosis of undernutrition (Elia et al., 2005). Among different nutrition screening tools,
the MNA-SF for example was originally developed by Rubenstein and colleagues in 2001
to evaluate the nutritional status of participants aged over 60 years of age in a
community setting (Rubenstein et al., 2001). Although this screening tool clearly identify
malnourished participants even in multicentre settings, the reference standard used in
the different studies using the tool was varied (Zhang et al., 2010, Kézachian and
Bonnet, 2012, Poulia et al., 2012, Rubenstein et al., 2001). Since the MNA-SF was
developed for the older cohort, it appears to be inappropriate to identify hospital
patients younger than 60 years of age who are at risk of undernutrition, and may be
unable to predict their health outcomes (Neelemaat et al., 2011, Raslan et al., 2010).
Therefore a screening tool should not only be quick and easy to administer by staff and
tolerable to patients, but should be appropriate for the specific patient group.
Furthermore, the European Society of Parenteral & Enteral Nutrition (ESPEN) guidelines
on nutritional screening also require it to satisfy the criteria for reliability, validity,
sensitivity and specificity before widespread administration (Kondrup et al., 2003a).

The National Kidney Foundation’s Kidney Disease Outcomes Quality Initiative (K/DOQI)
currently recommends the use of Subjective Global Assessment (SGA) as the diagnostic
standard to identify undernutrition among renal patients (Levey et al., 2002). The
Subjective Global Assessment was originally described by Detsky et al (1987) and Baker
et al (1982a). Subjective Global Assessment is a comprehensive assessment of nutrition
status considering a medical history (including parameters of involuntary weight change,
dietary intake, gastrointestinal symptoms and functional capacity) and physical
examination (consisting of muscle wasting, the loss of subcutaneous fat, the precence of
sacral, ankle oedema and ascites) (Detsky et al., 1987). The nutritional status of an
individual is classified by the SGA as well nourished, mild to moderately malnourished,
6

or severely malnourished (Detsky et al., 1987). Since the SGA is aimed at providing a full
nutrition assessment requiring a clinician to physically evaluate the patient, the
assessment can be time consuming, and is thus not preferred to use as a general
screening tool. Especially for those who are not familiar with the procedures, it can take
up to 30 minutes to complete. Moreover, the ability of the SGA scores to predict
nutritional status relies on subjective clinical judgement, which requires following a
standardised protocol strictly. Although dietitians are trained to perform the SGA,
assessing all patients’ nutritional status demands significant dietetic input and time.
Thereby, Green and Watson (2005) advocate the development of a rapid nutrition
screening tool that could be easily administered by any member of a multidisciplinary
renal team (e.g. nurses or health care professionals) without the requirement of dietetic
training so that patients who may be malnourished can be identified accurately and
quickly and referred to dietetic services for in-depth nutrition assessments and/or
intervention. Several studies have shown that some of the existing malnutrition
screening tools such as the MUST, MST and NRS 2002 are significantly correlated with
SGA to identify individuals at risk of undernutrition (Almeida et al., 2012, Isenring et al.,
2012, Kyle et al., 2006). However, these studies were all conducted in renal outpatients
undergoing dialysis. Published studies aiming to investigate the effective of these
nutrition screening tools in acute renal patients are limited. One research study
compares the accuracy of two of the malnutrition screening tools, MUST and MST, with
the SGA to assess recognition of CKD and AKI patients at risk of undernutrition (Lawson
et al., 2011). The results from this study showed that the two screening tools are not as
sensitive to identify the malnourished renal inpatients as SGA (Lawson et al., 2011).
Therefore, there is a need for a rapid nutrition screening tool that is specifically
developed to identify renal inpatients at risk of undernutrition. This early recognition of
undernutrition in renal inpatients can lead to timely nutrition interventions and may
subsequently yield better health outcomes for this particular group of patients.

1.2

Statement of the research problem

Undernutrition in renal patients is significantly associated with negative health
outcomes. The prevalence of malnourished renal inpatients was found to be 52.6% by
7

Lawson et al. (2011). Renal inpatients appear to have a much higher prevalence of
undernutrition compared to the prevalence of all acute care wards regardless of medical
specialities, since the prevalence of undernutrition in patients admitted to 370 acute
care wards from 56 hospitals across Australia (n = 42) and New Zealand (n = 14) was
found to be 32% (Agarwal et al., 2012b). Nevertheless, there is little published data on
the undernutrition prevalence of renal inpatients in New Zealand. Although there is
conclusive evidence indicating that the MUST and MST tools are effective in identifying
hospital patients at risk of undernutrition (Almeida et al., 2012, Neelemaat et al., 2011,
Poulia et al., 2012), it was found that MUST and MST are insensitive among renal
inpatients (Lawson et al., 2011). Since the format of the SGA is extensive (Levey et al.,
2002), it would be clinically valuable to firstly develop a rapid nutrition screening tool
specifically for renal inpatients to identify their specific nutritional risk and secondly to
design this tool to be administered by health professionals without dietetic training.
Philipson and colleagues (2013) found that the use of oral nutritional supplements in the
hospital was associated with decreased length of stay, episode cost, and 30-day
readmission risk. However, undernutrition can only be treated once it is recognised.
Therefore, the results of this malnutrition screening tool would guide the dietetic
referral practice for the renal inpatient ward to achieve timely dietetic input.
Implementing such a renal nutrition screening tool might reduce undernutrition and
hospital stay of renal inpatients.

1.3

Purpose of the research study

1.3.1 Aim
To develop and validate a rapid nutrition screening tool that is sensitive and specific to
recognise renal inpatients at risk of undernutrition in the acute renal ward (Ward One)
at Middlemore Hospital (MM Hosp), CMDHB, New Zealand.

8

1.3.2 Objectives
1.3.2.1

Primary objectives

To develop a nutrition screening tool aimed at identifying adult renal inpatients at risk of
undernutrition.

To validate this newly developed renal nutrition screening tool (R-NST) in renal patients
on an acute ward.

1.3.2.2

Secondary objective

To evaluate the feasibility of the newly developed R-NST as a standard practice by
nursing staff on the renal ward in MM Hosp.

1.4

Structure of the thesis

The literature will be reviewed in chapter two regarding the various screening and
assessment tools for undernutrition, the development and the validation of a nutrition
screening tool in people with renal disease. Chapter three will describe the methods and
equipment used in our investigation. This will be followed by chapter four where the
results and feasibility of the newly developed screening tool will be reported. The
findings will be discussed in chapter five. Finally chapter six will summarise the research
study, its strengths, limitations, and a conclusion and recommendation for future studies
will be made.
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Chapter Two
2.

Literature review

2.1

Introduction

2.1.1 Definition of renal failure
Renal failure is a medical condition in which the kidney becomes inadequate to filter
toxins and waste from the blood (Levey et al., 2002). There are two forms of renal
failure: acute kidney injury (AKI) and chronic kidney disease (CKD) (Levey et al., 2002).
The National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK), United
States, defined AKI as sudden, temporary, and sometimes fatal loss of kidney function
(National Kidney and Urologic Diseases Information Clearinghouse (NKUDIC), 2012).
There were no standard criteria of diagnosis of AKI until 2004, when the Acute Dialysis
Quality Initiative (ADQI) developed the ‘RIFLE’ classification of AKI through a board
agreement of experts worldwide (Bellomo et al., 2004). The ‘RIFLE’ classification stands
for Risk of renal dysfunction, Injury to the kidney, Failure of kidney function, Loss of
kidney function and End-stage kidney disease (Bellomo et al., 2004). This classification
represents three levels of severity (risk, injury and failure) and two outcomes (loss of
function and end-stage kidney disease) (Bellomo et al., 2004). Although these diagnostic
criteria have been widely adopted in 2007, the Acute Kidney Injury Network (AKIN)
further described AKI as an abrupt (within 48 hours) reduction in kidney function,
characterised as a rise in serum creatinine of ≥ 26.4 μmol/l, or ≥ 50% increase of serum
creatinine compared to baseline, or a decline in urine output to ≤ 0.5 ml/kg/h for 6
hours or longer (Mehta et al., 2007).

Chronic kidney disease, on the other hand, describes the abnormality of kidney function
and/or structure, which is often irreversible and progress slowly (National Institute for
Health and Clinical Excellence Chronic kidney disease, 2008, Levey et al., 2002). Although
the precise aetiology is often unclear, diabetes is the single most common cause of endstage renal failure (ESRF) in those starting dialysis, while hypertension,
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glomerulonephritis and pyelonephritis are less frequent causes (National Institute for
Health and Clinical Excellence Chronic kidney disease, 2008, Levey et al., 2002). The risk
of developing CKD is directly associated with age, and the severity of co-morbidities
increases as CKD advances (National Institute for Health and Clinical Excellence Chronic
kidney disease, 2008). Advanced CKD can ultimately lead to death (Levey et al., 2002).
Although CKD usually goes undiscovered until obvious symptoms appear, the United
States National Kidney Foundation Kidney Disease Outcomes Quality Initiative (NKFKDOQI) suggests the best indicator of kidney function is by measuring the glomerular
filtration rate (GFR) or by calculating the estimated GFR using prediction equations that
take into account the serum creatinine concentration and some or all of the following
variables: age, gender, race and body size. (Levey et al., 2002). The GFR is represented as
the volume of plasma cleared of a substance that is freely filtered at the glomerulus but
is neither secreted nor reabsorbed at the tubule per unit time (ml/min) (Levey et al.,
2002). Chronic kidney disease is diagnosed if either GFR is < 60 ml/min/1.73 m2 or if
there is evidence of chronic damage in the kidney on at least two occasions more than
three months apart according to the definition of NKF-KDOQI (Levey et al., 2002). The
NKF-KDOQI further divides CKD into five stages according to GFR (Table 2.1). Normal
GFR is regarded as approximately 100 ml/min/1.73 m2, whereas a GFR of <15
ml/min/1.73 m2 is classified as ESRF (Levey et al., 2002).

Table 2.1
US Kidney Disease Outcomes Quality Initiative classification of chronic
kidney disease (National Kidney Foundation, 2008)
GFR
Stage
Description
(ml/min/1.73m2)
1
Normal GFR with other evidence of chronic kidney damage >90
2
Mild impairment with other evidence of chronic kidney
60–89
damage
3
Moderate impairment
30–59
4
Severe impairment
15–29
5
End-stage renal failure
<15 (or dialysis)
GFR: glomerular filtration rate

11

2.1.2 Prevalence of chronic kidney disease in New Zealand and other
countries
In the United States of America, more than 20 million people (10% of the population),
have some level of CKD (United States Centers for Disease Control and Prevention,
2010). In the United Kingdom, there were 49,080 adults undergoing renal replacement
therapy as of December 2009. Of these, 44% were undergoing haemodialysis and 8%
were undergoing peritoneal dialysis, with the remaining patients requiring kidney
transplants (Steenkamp et al., 2011). Not only are the rates of CKD increasing
worldwide, but indigenous people are especially vulnerable (Grace et al., 2012). A crosssectional study conducted in South Auckland, New Zealand in 1994 had provided a
comparison of microalbuminuria and diabetic nephropathy in New Zealand European,
Māori, and Pacific Islanders with Type 2 Diabetes (Simmons et al., 1994). The prevalence
of end-stage renal disease (ESRD), proteinuria, and microalbuminuria were found to be
higher in Māori and Pacific Islanders than in New Zealand European (Simmons et al.,
1994). The Australian and New Zealand Dialysis and Transplant Registry (ANZDATA)
reviews all patients commencing renal replacement therapy (RRT) in Australia and New
Zealand annually. Their data for the period between 2003 and 2007 indicated that the
incidence of Māori people commencing RRT was 262 per million, Pacific people 283 per
million and people of European origin 77 per million (McDonald et al., 2008). The
incidence rates (per million population) of Māori and Pacific Islanders (indigenous
people) are considerably greater than non-indigenous people (McDonald et al., 2011).
The report also found that diabetic nephropathy (51%) continued to be the greatest
cause of ESRD in New Zealand followed by glomerulonephritis (22%) and hypertension
(12%) (Grace et al., 2011) . Therefore, there is a need to investigate how to combat this
disproportionate rate of renal disease among Māori and Pacific peoples in New Zealand.
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2.1.3 Definition of undernutrition and risk of undernutrition
Traditionally, undernutrition refers to the presence of a low-nutrient intake or, at least,
an intake that is inadequate to meet the nutritional requirements of an individual (White
et al., 2012b). There is currently no consensus on the definition for adult malnutrition
syndromes in the nutrition and medical literature using nonspecific biomarkers, disease
severity, and existing classification systems. In 2010, an International Guideline
Committee was constituted to develop a consensus approach to defining malnutrition
syndromes for adults in the clinical setting (Jensen et al., 2010). This approach is based
particularly upon aetiology that incorporates a current understanding of inflammatory
response (Jensen et al., 2010). The Committee proposed the following nomenclature for
nutrition diagnosis in a clinical setting:
x

‘‘Starvation-related malnutrition’’, when there is chronic starvation without
inflammation,

x

‘‘chronic disease-related malnutrition’’, when inflammation is chronic and of mild
to moderate degree,

x

‘‘acute disease or injury-related malnutrition’’, when inflammation is acute and
of severe degree (Jensen et al., 2010).

In 2012, the Academy of Nutrition and Dietetics, in collaboration with the American
Society for Parenteral and Enteral Nutrition (ASPEN), developed six clinical
characteristics of undernutrition (White et al., 2012a). The six clinical characteristics of
malnutrition are:
(1) Insufficient food and nutrition intake compared with nutrition requirements,
(2) Weight loss over time,
(3) Loss of muscle mass,
(4) Loss of fat mass,
(5) Fluid accumulation, and
(6) Measurably diminished handgrip strength (White et al., 2012a).

The ESPEN guideline suggests that individuals at risk of undernutrition are those with
body mass index (BMI) less than 20 kg/m2 , or those with BMI greater than 20 kg/m2 as
well as a greater than 10% involuntary weight loss in the past three to six months (Lochs
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et al., 2006). The National Institute for Health and Clinical Excellence (NICE) guidelines in
the United Kingdom (UK) further differentiate the risk of undernutrition into three
categories, namely low, moderate and high risk (National Institute for Health and Clinical
Excellence (NICE), 2006). Individuals with an optimal BMI (18.5 to 25 kg/m2), yet have
less than 5% of unintentional weight loss within the last three to six months, are
considered to be at low risk of undernutrition, whereas the risk for those with an
optimal BMI rises to moderate when experiencing five to ten percents unintentional
weight loss within three to six months (National Institute for Health and Clinical
Excellence (NICE), 2006). A high risk of undernutrition is assigned if individuals with BMI
below 18.5 kg/m2 also experience unintentional weight loss that is greater than 10%
within the last three to six months (National Institute for Health and Clinical Excellence
(NICE), 2006) (see Table 2.2).
Table 2.2
The classification of undernutrition risk in adults according to both BMI
and recent unintentional weight loss (Lochs et al., 2006, National Collaborating Centre
for Acute Care, 2006)
Measurement
BMI (kg/m2)
Unintentional
weight loss in the
past 3-6 months (%)

Normal
nutritional status
18.5 – 25

Low risk of
undernutrition
18.5 – 25

Moderate risk of High risk of
undernutrition
undernutrition
18.5 – 25
< 18.5

0

<5

5 – 10

> 10

BMI: body mass index.

2.1.4 Definition and terminology of undernutrition in adults with renal
failure
Undernutrition is common among patients with renal failure including both AKI and CKD
(Kalantar-Zadeh, 2005, Locatelli et al., 2002, Fouque et al., 2008). In 1960, Scribner et at.
(1960) first pointed out that undernutrition may be a serious problem for patients with
renal failure. Approximately 18 - 75% of patients with CKD undergoing maintenance
dialysis therapy were reported to show evidence of wasting (Kalantar-Zadeh et al.,
2003). Here, wasting describes abnormalities that cannot be corrected solely by
increasing dietary intake (White et al., 2012b). There has been increasing evidence
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indicating a strong link between wasting and inflammation in patients with renal disease
(Avesani et al., 2006, Yao et al., 2004, Stenvinkel, 2005, Maltzman and Berns, 2005).
Wasting driven by inflammation is believed to elaborate the catabolic state, which leads
to anorexia, progressive weight loss, and ultimately depletion of both fat and lean body
mass. Many terminologies have been used to describe this condition, for example,
uremic malnutrition, uremic (renal) cachexia, protein-energy malnutrition, malnutritioninflammation atherosclerosis syndrome, or malnutrition-inflammation complex
syndrome (MICS) (Fouque et al., 2008). Hence, protein-energy wasting (PEW) was
recommended by the International Society for Renal Nutrition and Metabolism to
describe the decline in the body stores of energy and protein as fuels among individuals
with renal disease (Fouque et al., 2008). The prevalence of PEW in maintenance
haemodialysis was estimated by Mehrotra and Kopple (2001) to be 40% on average. The
prevalence of severe PEW has been estimated to be 6% to 8% (Mehrotra and Kopple,
2001).

2.1.5 Causes of undernutrition in adults with renal failure
There are many causes of PEW in renal patients particularly in dialysis patients. Anorexia
and the concurrent reduction of protein and energy intake is one of the major side
effects of renal failure and one of the causes of PEW (Carrero, 2011, Carrero et al., 2007,
Kalantar-Zadeh et al., 2004a, Kopple et al., 2000). Kalantar-Zadeh and colleagues (2004a)
requested 331 maintenance haemodialysis patients to rate their appetite subjectively
and found that 124 patients (38%) were perceived to have a fair to poor appetite. A
decrease in appetite was also reported in 66 (13%) patients (Kalantar-Zadeh et al.,
2004a). Carrero et al. (2007) suggested that dialysis patients with a poor appetite was
associated with a worse nutritional status (lower serum concentrations of insulin-like
growth factor I, albumin, urea, and creatinine), increased inflammation, and worse
clinical outcomes compared to those reporting a good appetite (Carrero et al., 2007).
Moreover, a cross-sectional study by Kopple et al. (2000) indicate that dietary protein
intake estimated from both the urea nitrogen appearance and dietary records, serum
albumin and transferrin levels as well as percentage body fat measured by skinfold
thickness were directly correlated with the GFR in 1785 clinically stable patients with
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moderate to advanced CKD. This study implies that there is a gradual decline in
nutritional status as the GFR decreases, which is not only related to dietary intakes of
protein and energy but also to biochemical and anthropometric measures (Kopple et al.,
2000).

Inflammation may also induce PEW via the elevation of inflammatory cytokines that
promote catabolism and may suppress protein synthesis (Heimbürger et al., 1997, Young
et al., 1997). These catabolic conditions not only promote the breakdown of muscle into
amino acids, which can be used in normal body functions and transformed into glucose
as fuel, but shift the balance of skeletal muscle turnover toward excessive protein
degradation (Workeneh and Mitch, 2010). As a consequence, these catabolic conditions
will result in muscle wasting (Workeneh and Mitch, 2010). Observational studies suggest
that muscle wasting in CKD patients has increased in the past decade (Lin and Curhan,
2008, Qureshi et al., 1998). These inflammatory cytokines can also stimulate anorexia by
diminishing appetite and subsequently lowering food intake (Heimbürger et al., 1997,
Young et al., 1997).

Nutrients such as amino acid, proteins, vitamins and minerals can be removed by the
process of dialysis (Kopple et al., 1973, Hemmeloff Andersen, 1977, Sullivan and
Eisenstein, 1972, Westra et al., 2007, Alp Ikizler et al., 2002, Blumenkrantz et al., 1981).
Patients undergoing peritoneal dialysis was reported to lose about 9 g total protein per
day and 6 g albumin per day (Kopple et al., 1973). A more recent study showed that the
average protein losses within 24 hours were 9.4 ± 0.6 and 10.8 ± 0.8 g per day in two 24hour dialysate collections in nine peritoneal dialysis patients (Westra et al., 2007).
Patients undergoing dialysis also have a higher chance of protein catabolism resulting in
negative protein balance due to acidaemia, which is an increase of protons in the blood
(Reaich et al., 1993, Mochizuki, 1991). The accumulation of protons in the blood peaks
prior to the start of the next dialysis, at which time the degradation of proteins and
amino acids is accelerated (Papadoyannakis et al., 1984, De Brito-Ashurst et al., 2009,
Stein et al., 1997).
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In addition, the increase of various hormones that are stimulated in renal failure (e.g.
insulin-like growth factor-1, growth hormone, parathyroid hormone) may further
promote PEW (Moxley et al., 1974, Siew et al., 2007, Fouque, 1996). It is imperative to
treat PEW in renal patients early since the association of undernutrition with increased
mortality has been well documented (De Mutsert et al., 2009).

2.2

Nutrition screening vs. nutrition assessment

Undernutrition is a condition that can only be treated once it has been identified. As a
result of this, nutrition screening on admission plays a vital role in recognising patients at
risk of undernutrition in an acute setting. Nutrition screening tools typically use a
questionnaire format to assess factors known to lead to or be associated with
undernutrition in a specific population group and setting (Kondrup et al., 2003a).
Conversely, nutrition assessment continues the data gathering process initiated in the
screening (Lochs et al., 2006, Teitelbaum et al., 2005). Assessment allows the dietitian to
gather more nutrition-focused information and conduct a physical examination to
determine if there is truly a nutrition problem and to determine its severity (Lochs et al.,
2006, Teitelbaum et al., 2005). However, the completion of a comprehensive nutritional
assessment tool is time consuming and requires clinical judgement to produce a
subjective global score accurately (Green and Watson, 2005). The evaluation of
nutritional status requires extensive dietetic input from dietitians and it may therefore
not be appropriate to be administered by healthcare professionals without dietetic
training. Nutrition screening tools, on the other hand, are developed to be administered
by healthcare professionals to rapidly recognise individuals at risk of undernutrition so
that they can be swiftly and aptly referred to dietitians for nutritional care (Rubenstein
et al., 2001, Kruizenga et al., 2005a, Ferguson et al., 1999, Elia, 2003, Kondrup et al.,
2003b). These rapid nutrition screening tools are not designed to evaluate the
nutritional status of individuals, but are developed to recognise individuals who may be
at risk of undernutrition (Rubenstein et al., 2001, Kruizenga et al., 2005a, Ferguson et al.,
1999, Elia, 2003, Kondrup et al., 2003b). This allows for their nutritional status to be
further evaluated by dietitians.
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2.3

Evaluation of nutritional status in adults with renal failure

There are a number of comprehensive nutritional assessment tools developed
specifically to determine the nutritional status of individuals (Enia et al., 1993, Jones et
al., 2004, Steiber et al., 2007, Visser et al., 1999), such as the mini-nutritional assessment
(MNA), subjective global assessment (SGA) and its variations including the malnutrition
inflammation score (MIS) and dialysis malnutrition score (DMS) (Detsky et al., 1987,
Kalantar-Zadeh et al., 1999, Kalantar-Zadeh et al., 2001, Guigoz et al., 1997). Since there
is currently no agreement on the definition for the diagnosis of undernutrition (Elia et
al., 2005), the evidence-based practice guidelines for nutrition management in CKD
recommend the use of the subjective global assessment (SGA) as one of the parameters
in clinical practice (such as biochemical markers) to assess nutritional status of
individuals with CKD (Levey et al., 2002, Ash et al., 2006, McCann, 1999). This
recommendation has been made in consideration of the nature of renal failure that may
affect interpretation of traditional nutritional assessment methods such as
anthropometric (e.g. weight change, skinfold measurements) and biochemical (e.g.
serum albumin) measures. The weight change may be due to fluid retention between
dialysis and hypoalbuminaemia may be a result of acute inflammation, hence, may not
accurately reflect the nutritional status. Thus, SGA is considered by Steiber et al. (2004)
as a comprehensive and cost-effective assessment, not influenced by the metabolic
anomalies of renal failure. Therefore, the SGA which was first developed by Detsky and
colleagues (Detsky et al., 1987), has been widely adopted to determine the nutritional
status of individuals with renal failure (Campbell et al., 2007).

2.3.1 Nutritional assessment tools: SGA and its variations
The SGA is a comprehensive nutrition assessment tool based on two components, one
being a medical history including assessments of weight change, dietary intake change,
gastrointestinal symptoms that have continued for longer than two weeks and changes
in functional capacity (Detsky et al., 1987). The other component being the physical
examination determining the loss of subcutaneous fat, muscle wasting, ankle and/or
sacral oedema and ascites (Detsky et al., 1987). The complete nutritional status of
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individuals is determined by combining the scores of the two components subjectively
into an overall score, where they are classified as being well nourished (SGA A);
moderately malnourished, or suspected of being, malnourished (SGA B); or severely
malnourished (SGA C) (Detsky et al., 1987). Individuals classified as SGA B or C is
considered to be in a state of undernutrition and consequently dietetic interventions are
required.

There are at least six different SGA-derived tools that are evident in the literature being
used in individuals with renal failure. This include the modified SGA (mSGA), the 4-point
SGA scale, the 7-point SGA scale, the patient-generated SGA (PG-SGA), the malnutritioninflammation score (MIS) and the dialysis malnutrition score (DMS) (Eknoyan and Levin,
2000, Enia et al., 1993, Desbrow et al., 2005, Visser et al., 1999, Stenvinkel et al., 1999,
Kalantar-Zadeh et al., 1999, Kalantar-Zadeh et al., 2001, Heimbürger et al., 2000).
x

The 7-point SGA is a modified version of the original SGA as described by Detsky et
al. (1987). It is based on expanding the three final classifications of the original SGA
(A, B and C) to seven classifications (points 1 to 7), with 1 being severely
malnourished and 7 being well nourished (Churchill et al., 1996). This overall
classification of the 7-point SGA was calculated from four domains with four sevenpoint Likert-type subscales (Churchill et al., 1996, De Mutsert et al., 2009) . The four
domains are weight loss during the past six months (subscale 1), dietary intake and
presence of gastro-intestinal symptoms (loss of appetite, nausea, vomiting and
diarrhoea) (subscale 2), physical examination of loss of subcutaneous fat (subscale 3)
and muscle wasting (subscale 4) (Churchill et al., 1996, De Mutsert et al., 2009). To
obtain a 7-point classification for each of the four subscales, each patient is first
classified into one of the three categories of well nourished, moderately and
severely malnourished. This is followed by fine-tuning the final scores on the basis of
clinical judgement using the following questions:
o ‘‘Can the status of the patient improve or worsen within the category?’’,
o ‘‘What has been the development/pattern within the past 2 weeks?’’, and
o ‘‘What has been the change compared with the previous SGA assessment?’’
(Churchill et al., 1996, De Mutsert et al., 2009) .
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For instance, if a patient is classified as well nourished, a score of 6 is assigned
instead of 7 when it is possible to improve or when the nutritional status worsened
since the previous assessment. In a subjective weighting of the scores of the 4
subscales an overall SGA classification of 1 to 7 is assigned (Churchill et al., 1996, De
Mutsert et al., 2009)
x

The PG-SGA was first modified from the SGA and developed specifically for oncology
patients by Ottery (1994). The purpose of the modification was to transform the
medical history component so that it can be completed by the patient, while the
physical examination remains to be performed by a trained healthcare professional
(Ottery, 1994). Another change made in the PG-SGA was to incorporate a numerical
score as well as providing a global classification as being well nourished, moderately
malnourished or severely malnourished (Ottery, 1994). This numerical score
indicates the level of nutrition intervention required, with the higher the score the
greater the risk of undernutrition. Ottery (1996) suggested that the PG-SGA can not
only facilitate the quantification of the nutritional status of oncology patients, but
can also help track the progress of nutritional status in response to nutritional
interventions.

x

The MIS, is a comprehensive nutritional assessment tool developed and validated by
Kalantar-Zadeh et al. (2001) to better predict the prospective hospitalisation and
mortality in maintenance of haemodialysis patients. It includes seven components of
the conventional or modified SGA method combined with the 3 additional
components of BMI, serum albumin, and serum total iron-binding capacity (TIBC)
(Kalantar-Zadeh et al., 2001) .

x

The DMS is a quantitative scoring system built into the original SGA. It consists of
seven components including weight change, dietary intake, gastrointestinal
symptoms, functional capacity, co-morbidity, subcutaneous fat and signs of muscle
wasting (Kalantar-Zadeh et al., 1999). The sum of seven components that each has a
subscale from 1 (normal) to 5 (severe) gives rise to a ‘malnutrition score’, with a
minimum score of ‘7’ being normal while the maximum score of ‘35’ being severely
malnourished (Kalantar-Zadeh et al., 1999). The DMS was then further developed by
the same research group aiming to measure the clinical status and maybe predict
the outcome in maintenance haemodialysis patients (Kalantar-Zadeh et al., 2001).
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Body mass index, serum albumin and TIBC were the three additional components
being incorporated into this new tool making the DMS contain 10 components
(Kalantar-Zadeh et al., 2001). Patients on maintenance haemodialysis are prone to
undernutrition caused by inflammation, which may correlate with increased
morbidity and mortality (Kalantar-Zadeh et al., 2001). Consequently, Kalantar-Zadeh
et al. (2001, 2004b) suggested that these three new components were able to detect
inflammation response in these patients in order to better predict clinical outcome
such as hospitalisation and mortality.

2.3.2 Other nutritional assessments: MNA
The MNA was originally constructed by Guigoz and colleagues (1997) to evaluate the
nutritional status of adults aged 65 and over. Since then, the MNA has been validated
against the objective measures (anthropometric and biochemical) of nutritional status
across different setting including the acute care setting, rehabilitation setting, residential
aged care setting and the community setting (Kuzuya et al., 2005, Persson et al., 2002,
Compan, 1999, Gazzotti et al., 2000, Van Nes et al., 2001, Vellas et al., 1999, Neumann
et al., 2005, Thomas et al., 2002, Donini et al., 2003, Christensson et al., 2002, Saletti et
al., 2000, Visvanathan et al., 2003) . However, the population in which the MNA has
been validated has been limited to older adults. Studies using the MNA to evaluate the
nutritional status of individuals with renal failure are lacking. Thus, the MNA appears to
be inappropriate to be used in renal inpatients.

2.3.3 Prevalence of undernutrition in adults with renal failure in the acute
setting
Although the prevalence of undernutrition has been estimated to be approximately 30%
(ranging from 28.7% to 60.2%) among patients undergoing dialysis in various studies
depending on the reference criteria used (Chan et al., 2007, Gower, 2002, Jones et al.,
2004, Lawson et al., 2011, Szeto et al., 2010, Yamada et al., 2008) (see Table 2.3), the
prevalence of patients with renal disease in the acute setting is limited. The percentage
of malnourished renal patients in the hospital with not only established renal failure on
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haemodialysis, peritoneal dialysis or transplant, but also pre-dialysis patients with AKI or
all stages of CKD, was investigated by Lawson and colleagues (2011). The authors
identified 52.6% of the 276 renal patients to be malnourished when evaluated by the
SGA, which is higher than the prevalence of renal outpatients undergoing dialysis.
Further studies with a larger number of renal patients in the acute setting are therefore
suggested to determine the true prevalence of undernutrition in this population.
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422 HD
(275 M, 147 F)

314 PD
(149 M, 165 F)

72 HD
(42 M, 30 F)

165 PD
(70 M, 95 F)
184 HD
(109 M, 75 F)

276 renal
inpatients6
(144 M, 132 F)

(Yamada et al.,
2008)

(Szeto et al., 2010)

(Jones et al., 2004)

(Chan et al., 2007)

(Lawson et al., 2011)

Outpatient facility, Hong
Kong, China
Outpatient facility,
England
Outpatient facility, Hong
Kong, China
Outpatient facilities,
England

60.0 ± 11.91
63.8 ± 17.31

59.2 ± 11.51

65 (17 to 98)2
Renal inpatient wards,
Australia

Outpatient facilities,
Japan

63.8 ± 12.11

64 (25 to 85)2

Setting

Age (years)

MUST
MST

Objective
measures4

MIS

3-point SGA,
7-point SGA

GNRI

GNRI

Nutrition screening
or assessment tool

7-point SGA

SDA5

7-point SGA

A composite nutrition
score3

MIS and 7-point SGA

MIS

Reference standard

7-point SGA: 52.6%
MUST: 38.8%
MST: 32.4%

SDA: 42.0%
Objective measures: 36%

7-point SGA: 32.9%

3-point SGA: 30.6%
7-point SGA: 29.2%

MIS: 60.2%
7-point SGA: 28.7%

MIS: 38.6%

Prevalence of
undernutrition
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HD, haemodialysis patients; GNRI, geriatric nutrition risk index; MIS, malnutrition-inflammation score; PD, peritoneal dialysis patients; SGA, subjective global
assessment; SDA, standardised dietetic assessments; MUST, malnutrition universal screening tool; MST, malnutrition screening tool.
1
Mean ± standard deviation
2
Medium (rage)
3
A composite nutrition score was derived from a model described by Harty et al. (1994).
4
The criteria used to define risk of malnutrition included 2 or more of the following objective measures: 10% weight loss; dialysis adequacy <1.1; predialysis urea < 20
mmol/L; phosphate < 0. 75 mmol/L and potassium < 3.3 mmol/L.
5
An SDA includes a review of medical history, social history, biochemistry (blood and urine) tests, dialysis prescription, treatment plans, medications, weight changes,
body mass index (BMI), and dietary intake compared with therapeutic guidelines with documented aims.
6
Renal inpatients include acute kidney injury, chronic renal failure and established renal failure (on HD, PD or transplant).

(Gower, 2002)

Subjects

The prevalence of undernutrition among individuals with renal failure

References

Table 2.3

2.4

Nutrition screening tools

There has been various nutrition screening tools developed worldwide, such as the
Malnutrition Universal Screening Tool (MUST), Malnutrition Screening Tool (MST), Short
Nutritional Assessment Questionnaire (SNAQ), Mini Nutritional Assessment - Short Form
(MNA-SF) and Nutritional Risk Score (NRS 2002) (Rubenstein et al., 2001, Kruizenga et
al., 2005a, Ferguson et al., 1999, Elia, 2003, Kondrup et al., 2003b) (see Table 1.1). Most
of the nutrition screening tools take the approach of a numerical scoring system to
identify individuals at risk of undernutrition. The size fractions of scores reflect the
severity of each risk variable for undernutrition identified. A nutrition screening tool is
often constructed by selecting risk variables that are the most associated with the
diagnostic definition of undernutrition within a selected patient group. The
accumulating scores indicate the magnitude of undernutrition risk for each individual.
Some screening tools only differentiate individuals who are either at risk of
undernutrition or not, for example, the MST (Ferguson et al., 1999). Whereas other
screening tools further describe the undernutrition risk of screened individuals as low,
moderate or high, such as the MUST and NRS 2002 (Barendregt et al., 2008, Elia, 2003).
These nutrition screening tools are summarised in Table 1.1.

2.4.1 Application of various nutrition screening tools in different population
groups and care settings
The application of rapid nutrition screening tools is often limited by the population
group and care setting in which they were developed and validated, such as oncology
patients, hospital patients in acute disease states or older adults (Barendregt et al.,
2008, Weekes et al., 2004, Kruizenga et al., 2005a, Rubenstein et al., 2001). For
example, the MNA-SF was originally developed by Rubenstein and colleagues in 2001 to
evaluate the nutritional status of subjects aged 60 years of age and older in a community
setting (Rubenstein et al., 2001). Hence, the MNA-SF appears to be inappropriate to
identify hospital patients younger than 60 years of age at risk of undernutrition and may
be unable to predict their health outcomes since it was developed for the older cohort
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(Neelemaat et al., 2011, Raslan et al., 2010). Alternatively, some nutrition screening
tools are constructed to be used in all kind of settings including the acute care setting,
rehabilitation setting, aged care setting or community setting (Barendregt et al., 2008,
Weekes et al., 2004, Kruizenga et al., 2005a, Rubenstein et al., 2001). For example, the
MUST tool was developed in 2003 by the multidisciplinary Malnutrition Advisory Group,
a Standing Committee of the British Association for Parental and Enteral Nutrition
(BAPEN) (Elia, 2003). It has been shown to achieve the desired outcome in different care
settings and population groups, including the adult patients in the acute care setting,
older adults in the residential aged care setting as well as the community setting (Elia,
2003, Stratton et al., 2006, Stratton et al., 2004, Kyle et al., 2006, Harris et al., 2008). A
survey conducted by BAPEN reported that 73% of 185 British surveyed hospitals
adopted the MUST into their standard practice in identifying hospital patients at risk of
undernutrition on admission (Bennett et al., 2005, Bennett et al., 2006). Therefore, the
MUST appears to be the most widely adopted screening tool in hospital practice in the
UK (Elia, 2003).

2.4.2 Nutrition screening tools Available for Adults with Renal Failure
There have been limited screening tools developed specifically for individuals with
kidney disease identified in the literature. However, there are some existing screening
tools that have been used to compare their ability to recognise malnourished renal
patients undergoing the treatment of dialysis. These tools are MUST, MST, MNA-SF,
Nutrition Risk Score (NRS) and the Geriatric Nutritional Risk Index (GNRI) (Yamada et al.,
2008, Kobayashi et al., 2010, Lawson et al., 2011, Szeto et al., 2010). Yamada et al.
(2008) employed the above five quick-and-easy screening tools to screen the nutritional
status of 422 haemodialysis patients in order to determine the best tool suitable for this
population. In this study, the result of each screening tool was compared to the MIS. The
authors found that the MUST and MST have the least correlation with the MIS out of the
five screening tools among patients on maintenance haemodialysis, whereas the GNRI
was the most accurate in identifying haemodialysis patients at nutritional risk (Yamada
et al., 2008). Geriatric Nutritional Risk Index is a predictive equation modified from the
NRI for older people (Bouillanne et al., 2005). This index incorporates serum albumin,
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current and ideal body weights to calculate the nutrition risk of dialysis patients and to
predict mortality (Yamada et al., 2008, Kobayashi et al., 2010, Szeto et al., 2010).
Kobayashi et al. (2010) followed 490 patients on maintenance haemodialysis for 60
months and revealed that patients with a GNRI <90 had a significantly lower survival
rate, compared to those with GNRI ≥90. Furthermore, GNRI was considered to be
significantly associated with MIS and SGA in peritoneal dialysis patients (Szeto et al.,
2010). As a result, GNRI appears to be an effective tool to recognise patients undergoing
the treatment of dialysis. Although the GNRI may be a simple way to classify the
undernutrition risk of an individual, this index has not been examined on the population
of acutely ill renal patients in the hospital. The feasibility of implementing this index on
the acute wards has not been investigated either, particularly the acceptability of
calculating nutritional risk using this index by the nursing staff.

In contrast, the effectiveness of the MUST and MST in recognising undernutrition risk of
patients on the acute wards have been evaluated against the SGA (Lawson et al., 2011).
Unfortunately, the authors concluded that these two nutrition screening tools were less
sensitive in recognising renal inpatients at risk of undernutrition than in other patient
groups (Lawson et al., 2011). Thus, there is a need to develop a new nutrition screening
tool that is effective in detecting undernutrition risk early among the acutely ill renal
patients in the acute care setting (hospital).

2.5

Approaches to Develop a Nutrition screening tool

There are different approaches that could be followed to develop a nutrition screening
tool in an intended subject population and setting. The most logical, simplest and
cheapest approach is to adapt an existing tool. This first step is by critically reviewing the
literature to identify potentially relevant screening tools (Jones, 2004a). Once the most
relevant screening tool is identified, it can be adapted to suit the intended subject
population by considering opinions from both academic and clinical experts in the field
as well as the practical and methodological issues of modifying this tool for such
population (Jones, 2004a). Finally a validation study should be conducted to test the
effectiveness and feasibility of this tool in relation to its suitability for the intended
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subject population (Jones, 2004b, Jones, 2004a). An example of such an approach was
the Four-Element Nutrition Screening tool (Bennett et al., 2005) that was adapted from
nine known risk variables in the literature to detect haemodialysis patients who may be
at risk of undernutrition (Chertow et al., 1996, Bergstrom, 1995). These nine risk
variables were BMI, weight change, poor appetite, gastrointestinal symptoms, serum
albumin, predialysis urea, predialysis serum potassium, predialysis serum phosphate and
glycosylated haemodialysis levels, which were considered to be specific predictors of
undernutrition among patients with renal failure (Chertow et al., 1996, Bergstrom,
1995). Bennett et al. (2005) found that four out of the nine risk variables showed the
highest alpha reliability coefficient against the result of a full Standard Dietitian
Assessment as described by Gower (2002). Therefore, these four risk variables, namely
weight change, poor appetite, and serum potassium and serum phosphate levels, were
incorporated into the Four-Element Nutrition Screening tool specifically for
haemodialysis patients (Bennett et al., 2005). This is a good example on how to develop
a nutrition screening tool by selecting the most suitable predictors for undernutrition in
the intended subject population from existing risk variables identified in the literature
and/or by experts in the field.

If no relevant tool exists or the deficiencies of existing tools severely limit their
usefulness in the intended subject population, then clearly there is a need for the
development of a new tool. The development of a new tool can be started by firstly
identifying the risk variables for undernutrition in the intended subject population,
followed by ranking the degree of association between these risk variables and
undernutrition using predictive models, algorithms or scoring systems to determine the
magnitude of undernutrition risk for each individual (Elia, 2003, de Aquino and Philippi,
2011). In general, risk variables employed to evaluate the undernutrition risk in adults
are anthropometric, clinical and dietary data, which have been discussed and listed in
the previous section. Risk variables that show the most significant association with
undernutrition can then be identified by performing a multiple logistic regression. For
instance, BMI, recent weight loss and any decline in food intake for more than five days
due to acute illness were identified by Elia (2003) as the three risk variables associated
with undernutrition. Hence, three questions examining these three factors are included
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in the MUST screening tool (Elia, 2003). Although the methodological design of a study
that uses a multiple logistic regression appears to be robust, this approach may require a
relatively large sample size if the prevalence of undernutrition and the degree of
association between each risk variable and undernutrition is low (Jones, 2004a). With a
larger sample size, other resources such as a longer study period and extra funding may
subsequently be required. Therefore, this may not be the most preferred approach to
develop a new nutrition screening tool.

Another approach to develop a new nutrition screening tool is to count criteria in a list
of nutritional screening questions to determine the best cut-off (Ferguson et al., 1999,
Kruizenga et al., 2005a). The MST developed by Ferguson et al. (1999) in Australia
adopted this approach by selecting two questions out of the 21 questions that were
associated with undernutrition risk the most. These two questions focused on recent
involuntary weight loss and reduction in food intake. The best cut-off point for
involuntary weight loss in order to identify individuals at risk of undernutrition was
determined by ranking the significance of association between different amounts of
weight loss and the nutrition status of an individual, as evaluated by the SGA (Ferguson
et al., 1999). Since the amount of weight loss was measured in kilograms by Ferguson et
al. (1999), the question in the MST had been constructed to evaluate weight loss in
kilogram rather than percentage body weight loss as in the other screening tools. This
approach allows the screening tool to construct the most appropriate yet effective cutoff for a particular group of individuals in a specific setting. Thus this approach appears
to be the most preferable when developing a new nutrition screening tool.

2.5.1 Risk variables associated with undernutrition in adults
Having discussed how to construct a nutrition screening tool, the format and areas
covered within the screening tools are based on known risk variables for undernutrition.
The European Society for Clinical Nutrition and Metabolism (ESPEN) guidelines
recommend that four risk variables (BMI, recent involuntary weight loss, food intake and
disease process) should be considered when designing any nutrition screening tools
particularly for hospitalised patients (Kondrup et al., 2003a).
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x

The BMI is a simple index of weight-for-height that is commonly used to classify
underweight, overweight and obesity in adults (Kondrup et al., 2003a). Body mass
index is calculated from weight and height using the following equation, BMI =
Weight (kg) / Height2 (m2) (Eknoyan, 2008, Garrow and Webster, 1985).
Undernutrition is defined by a BMI below 18.5 kg/m2 and borderline underweight is
between 18.5 and 20 kg/m2 (Kondrup et al., 2003a).

x

Any recent involuntary weight loss determines the stability of an indivdual’s
nutritional status (Kondrup et al., 2003a). More than 5% unintentional weight loss in
the past three months is considered to be significant (Kondrup et al., 2003a).

x

A decrease in food intake reflects the likelihood of the worsening of an individual’s
nutritional status (Kondrup et al., 2003a). This involves the assessment of an
individuals’ current dietary intake in relation to their usual dietary intake (Kondrup et
al., 2003a), and ifcurrent food intake is less than usual, it is essential to consider the
length and the degree of this decrease in food intake (Kondrup et al., 2003a). The
continuation of decreased food intake may imply further weight loss, which may
worsen their undernutrition status (Kondrup et al., 2003a).

x

The assessment of the disease process may accelerate the decline of an individual’s
nutritional status (Kondrup et al., 2003a). Kondrup et al. (2003a) illustrates that
severe diseases such as major surgery, sepsis, multi-trauma and cancer may
stimulate a catabolic state in the body, resulting in rapid deterioration of nutritional
status.

2.5.1.1

Determination of weight and weight Loss in a nutrition screening

tool

Weight or Involuntary weight loss is considered to be the most significant risk variable
associated with undernutrition (de Aquino and Philippi, 2011, Ferguson et al., 1999,
Kruizenga et al., 2005a). Kruizenga et al. (2005a) found that hospital patients who had
lost more than 6 kg body weight unintentionally in the past six months were 267% more
likely to be malnourished in comparison to those without unintentional weight loss
recently. A cross-sectional study conducted among 300 hospitalised adults in Sao Paulo,
Brazil (de Aquino and Philippi, 2011) also indicated that the strongest predictor of
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undernutrition was weight loss (OR = 58.03, 95% CI: 18.46-182.41, p < 0.001). Hence, the
measurement of weight and the calculation of recent involuntary weight loss are
essential indicators for recognising individuals at risk of undernutrition.

For many nutrition screening tools, the format for the determination of weight is the
calculation of BMI (Rubenstein et al., 2001, Elia, 2003, Kondrup et al., 2003b). However,
the measurement of height may become a problem amongst older people, frail or bedbound individuals, as well as for those for whom a standing height may be impossible to
obtain. These difficulties in obtaining height for BMI calculations may often result in a
decrease in the efficacy of a screening tool. In fact, there is little evidence that BMI is a
good predictor of undernutrition risk (Cohen et al., 2009, British Dietetic Association,
2003). The Imperial Nutritional Screening System (INSYST) that was newly developed by
Tammam et al. (2009) does not require the calculation of BMI. When the nutrition risk of
61 hospitalised patients was assessed by the INSYST, MUST and the Mini Nutritional
Assessment (MNA), the INSYST demonstrates a high agreement in the number of
patients recognised as at risk of undernutrition in comparison to the MUST and MNA
with the Kappa vales of к = 0.73 and к = 0.76, respectively (Tammam et al., 2009).
Hence, this suggests that BMI is unnecessary to for recognising patients at risk of
undernutrition. Alternatively the measurement of mid upper arm circumference (MUAC)
is suggested as a surrogate indicator, since current weight and height may not always be
accessible for acutely ill individuals in the hospital (Kondrup et al., 2003a). Powell-Tuck
and Hennessy (2003) showed MUAC to correlate directly with BMI in undernourished
patients. Also, for clinical purposes BMI can be approximated from regression equations
derived from MUAC when patients cannot be easily weighed or their height measured.
However, these equations are only applicable to a population similar to the study
population from which the equations are derived.

In terms of weight loss, the MUST screening tool incorporates the measurement of the
percentage of weight loss in the previous three to six months as one of the three
compulsory questions to identify individuals at risk of undernutrition (Elia, 2003).
However, whether the recent weight loss is involuntary or not is not specified in the
screening tool. Hence, the individuals who are purposely trying to lose weight may be
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mistakenly identified as at risk of undernutrition (Tammam et al., 2009). This is a result
of a higher score contributed by the high percentage of intentional weight loss, which
may not be relevant to undernutrition. In other words, an overweight or obese
individual who has successfully lost a considerable amount of weight in the past three
months under the instruction of doctors or dietitians has the potential to be recognised
by the MUST tool as at risk of undernutrition. Hence, the risk of undernutrition should
only increase when recent weight loss is involuntary and it is vital to specify this in the
course of developing any screening tools.

2.5.1.2

Dry weight in adults with renal failure

Fluid retention is a major clinical problem in individuals with CKD, and is associated with
morbid conditions such as lower extremity oedema, ascities, pulmonary vascular
congestion, hypertension and worsening heart failure (Charra et al., 1996, Kraemer et al.,
2006, Katzarski, 1996). Dry weight is an individual’s body weight without the excess fluid
that builds up between dialysis treatments, which is the lowest weight this individual
can tolerate without the development of symptoms or hypotension (Henderson, 1980,
Charra et al., 1996). Several different techniques have been used to derive a more
standard method of assessing dry weight (Kouw et al., 1992, Lauster et al., 1990, Horejs
et al., 1990, Kouw et al., 1993), such as using a bioelectrical impedance assessment.
(Lawson et al., 2011). However, there are no reliable scientific ways of measuring dry
weight (Jaeger and Mehta, 1999). In most cases, dry weight is an estimate determined
by the medical team, based on an individual’s weight when he or she has:
x

Normal blood pressure,

x

The absence of oedema or swelling,

x

Neck veins that are not distended,

x

The absence of lung sounds related to fluid overload,

x

No shortness of breath or congestive heart failure,

x

A normal size heart shadow on X-ray (Jaeger and Mehta, 1999).

To prevent misclassification of undernutrition risk, a dry weight should be used to
determine the BMI of individuals with renal failure rather than a fluid-based weight
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(Lawson et al., 2011). In a study conducted by Lawson et al. (2011), even though there
was a strong correlation found between the results of BMI calculated using the fluidbased and dry weights (n = 40, r = 0.986, p < 0.001), the degree of recent weight loss was
unable to be accurately established (Lawson et al., 2011). This is because only the dry
weight at screening was obtained, none of the previous dry weights were provided or
assessed (Lawson et al., 2011). This may not reflect the true unintentional weight loss
without the previous dry weights as comparison. Since both MUST and MST employ
recent weight loss as one of the determinants in recognising individuals at risk of
undernutrition, Lawson et al. (2011) argue that the insensitivity of MUST and MST in
renal patients may be due to the difficulty of identifying fluid-based weight loss
compared to dry weight loss. Thus, it is essential to specifically state ‘dry weight’ for
both the present and previous weights in the questionnaire when developing a renal
specific nutrition screening tool.

2.5.1.3

Determination of food intake in a nutrition screening tool

Poor food intake due to a decreased appetite is regarded as an additional risk variable to
involuntary weight loss (Ferguson et al., 1999, Kruizenga et al., 2005a, de Aquino and
Philippi, 2011). Ferguson et al. (1999) found that both the sensitivity and specificity of
the MST was greatly improved at recognising individuals at risk of undernutrition, by
measuring both involuntary weight loss and inadequate food intake. Kruizenga et al.
(2005a) also indicated that hospital patients who experienced a decreased appetite in
the previous month, were 4.2 times more likely of developing undernutrition compared
to those that did not experience any decrease in appetite. Hence, a recent reduction in
usual food intake that lasted for more than five days appears to be an effective predictor
of undernutrition risk, particularly in those that are hospitalised (Elia, 2003, Kruizenga et
al., 2005a).

The format of a nutrition screening tool on assessing the adequacy of an individual’s
energy intake often employs a polar question whose expected answer is either a “yes”
or “no” (Rubenstein et al., 2001, Kruizenga et al., 2005a, Ferguson et al., 1999, Elia,
2003, Kondrup et al., 2003b) . This polar question aims to recognise individuals with an
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inadequate energy intake. The ways of identifying individuals with an inadequate energy
intake vary among different screening tools. The MUST tool defines individuals with high
risk of undernutrition as “no food intake for more than five days” (Elia, 2003). The MST
tool on the other hand classifies individuals at risk of undernutrition only if they have
been eating poorly in combination with involuntary weight loss of less than five kg in the
past six months (Ferguson et al., 1999). The criteria for poor eating is specified by the
MST tool as consuming less than three quarters of usual intake (Ferguson et al., 1999).
However, the NRS 2002 screening tool appears to be the only one of the many quickand-easy screening tools that stratifies the risk of undernutrition into three categories
according to the proportion of reduction in food intake in comparison to normal
requirement (Kondrup et al., 2003b). Individuals consuming between three quarters and
half of normal requirements is categorised as at low risk of undernutrition (Kondrup et
al., 2003b). Individuals consuming between half and one quarter of normal requirement
may be at moderate risk if they also had a more than 5% weight loss in the past two
months or a BMI between 18.5 and 20.5, whereas high risk of undernutrition may be
identified in those with a food intake less than one quarter of normal requirements
(Kondrup et al., 2003b). Moreover, the causes of this decreased food intake described in
the screening tools differ from one another. For example, the MST and the MNA-SF
interpret the decline in food intake as a result of a decreased appetite, digestive
problems or difficulties with chewing and swallowing (Ferguson et al., 1999, Rubenstein
et al., 2001). Whereas the MUST tool generalises it as caused by any acute diseases (Elia,
2003). In addition, Kruizenga et al. (2005a) discovered that hospital patients who had
been on nutritional supplements during the previous month were 4.3 times more likely
to be malnourished as opposed to those who were not. Subsequently, the intake of
nutritional supplements via either oral or enteral route was incorporated in the SNAQ
tool as a risk variable for undernutrition (Kruizenga et al., 2005a).

2.5.1.4

Additional considerations for the determination of
undernutrition risk

Apparent bony structure, diarrhoea, age, male sex, being single, divorced or widowed
and being a smoker, were also significantly associated with undernutrition (de Aquino
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and Philippi, 2011, Amaral et al., 2010). It is interesting to note that illiteracy was also
found to be associated with an increased risk of undernutrition (OR: 2.45, CI: 1.52-3.96)
(Amaral et al., 2010). However, the associations of these risk variables were considerably
smaller compared to involuntary weight loss and inadequate food intake (Amaral et al.,
2010).

2.5.2 Incorporation of biochemical measures in a nutrition screening tool
Although Green and Watson (2005) identified 71 different nutritional screening and
assessment tools published worldwide, merely 10% of these tools actually incorporated
the use of biochemical measures. Serum albumin levels have been used in combination
with anthropometric measures to predict the risk of undernutrition (Buzby et al., 1988a,
Buzby et al., 1988b, Elmore et al., 1994, Naber et al., 1997). The Nutrition Risk Index
(NRI) that was first described by Buzby et al. (1988a, 1988b) to classify the severity of
postoperative complications, combines two nutritional indicators, serum albumin and
present weight loss compared to usual weight. Naber et al. (1997) later adopted it to be
used as a predictive equation [(1.489 X albumin) + (41.7 x present/usual weight)] for the
detection of undernutrition among apparently healthy adults. The Nutrition Risk Index
classifies the nutritional status of these hospitalised participants into four categories: no
undernutrition, mild, moderate or severe undernutrition (Naber et al., 1997). Six percent
of the healthy participants aged over 70 years were identified as mildly malnourished by
the NRI index (Naber et al., 1997). However, this study did not investigate the
effectiveness of the NRI index in recognising undernutrition among malnourished
individuals (Naber et al., 1997). Similarly, another predictive equation integrating the
percentage of weight loss with the levels of serum albumin and total lymphocyte count
was developed by Elmore et al. (1994). In this study, serum albumin level less than 35
g/L was considered as a major determinant for undernutrition risk (Elmore et al., 1994).
The inclusion of the albumin level improved the sensitivity and the negative predictive
value of the predictive equation when compared to the standard nutrition screening
(Elmore et al., 1994). Nevertheless, this equation failed to identify 9% of patients who
should have been recognised as at high risk (Elmore et al., 1994). The authors
consequently concluded that the levels of serum albumin may be a sensitive marker of
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clinical condition but one not necessarily being specific to undernutrition (Elmore et al.,
1994).

2.5.2.1

Biochemical measures in adults with renal failure

The use of biochemical measures has also been investigated to identify renal patients at
risk of undernutrition (Gower, 2002, Elliott and Robb, 2009) . Studies considering the
effectiveness of biochemical measures are summarised in Table 2.4.
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122 HD,
outpatient
facilities

(Elliott and Robb,
2009)

Serum albumin < 35 g/L
Serum urea < 16 mmol/L
Serum potassium < 3.4 mmol/L
Serum phosphorus < 0.9 mmol/L
Kt/V < 1.1,
pre-dialysis urea <20 mmol/L,
phosphate < 0.75 mmol/L,
potassium < 3.3 mmol/L,
10% weight loss
Pre-dialysis serum urea < 15 mmol/L (p < 0.001),
Serum albumin < 35 g/L (p < 0.001),
CRP > 10 mg/L (p = 0.005),
Weight loss over three months >5% (p < 0.001)

Undernutrition criteria for objective measures
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HD, haemodialysis patients; SDA, standardised dietetic assessments; CRP, C-reactive protein.
p value < 0.05 indicates statistical significance.

184 HD,
outpatient
facilities

(Gower, 2002)

Subject and
setting
213 outpatient
dialysis facilities

The objective measures
identified 36% of HD
patients at risk of
undernutrition, compared
with 42% by SDA.
Significantly correlated
with SGA

Dietitians’ perspective on
the identification of
undernutrition

Comments

A summary of studies investigated the undernutrition criteria for objective measures in adults with renal failure

(Tai et al., 1998)

References

Table 2.4

Serum albumin, serum urea, serum potassium and serum phosphorus were firstly
reported to be the most frequently used biochemical measures by the dietitians working
in the dialysis facilities in Texas to identify renal patients at risk of undernutrition (Tai et
al., 1998). This survey indicates that the cut-offs for undernutrition perceived by the
facility dietitians were serum albumin levels <35 g/L, serum urea levels <16 mmol/L,
potassium <3.4 mmol/L and phosphorus <0.9 mmol/L (Tai et al., 1998). Not only did
these cut-offs not take into consideration the effects of age, ethnicity and sex on the
likelihood of increased undernutrition risk, but the survey was merely an observational
study reporting the renal dietitians’ perspective on the identification of undernutrition.
Hence, more studies were warranted to further evaluate the criteria for biochemical
measures indicating the risk of undernutrition.

Since low pre-dialysis serum urea levels may indicate a decreased protein intake while
low serum phosphate and potassium levels may suggest episodes of severe diarrhoea,
vomiting, and/or a reduction in oral intake, these biochemical measures could be useful
in identifying dialysis patients at risk (Goldstein, 1998). In 2002, Gower (2002)
investigated the feasibility of using objective measures including percentage weight loss
and four biochemical measures (Kt/V – dialysis adequacy, pre-dialysis serum urea,
phosphate, and potassium) to identify undernutrition in 184 haemodialysis outpatients.
However, the percentage of haemodialysis patients at undernutrition risk identified by
these objective measures (36%) was observed to be lower than the 42% of patients
identified using the standardised dietetic assessments (SDA) by experienced dietitians
(Gower, 2002). The SDA was considered by the author as a reference method in
identifying the nutritional status of the participants (Gower, 2002). The author
concluded that these objective measures were not specific enough to accurately
recognise all haemodialysis patients at undernutrition risk (Gower, 2002). In 2009, senior
renal dietitians at the Royal Infirmary of Edinburgh, Scotland, Elliott and Robb (2009),
continued to define the undernutrition criteria for these objective measures in
recognising haemodialysis patients at risk of undernutrition. They found that pre-dialysis
serum urea < 15 mmol/L, albumin < 35 g/L and C-reactive protein (CRP) > 10 mg/L and >
5% weight loss over three months were significantly correlated with SGA (Elliott and
Robb, 2009). Although more studies are required to investigate the effectiveness of
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these biochemical measures on other renal populations such as peritoneal dialysis
patients or patients at different kinds and stages of renal failure, biochemical measures,
particularly serum urea and albumin, appear to be effective in identifying haemodialysis
patients at risk of undernutrition.

In summary, the screening of renal patients at risk of undernutrition should incorporate
multiple factors impacting on nutritional status. In another words, an effective nutrition
screening tool should include both biochemical measures and body composition
parameters. This may explain the insensitivity of MUST and MST in identifying renal
patients at risk of undernutrition due to the lack of renal specific biochemical measures.
As Elliott and Robb (2009) observed, combining serum urea, albumin and CRP with
percentage of weight loss may enhance the sensitivity and specificity of a nutrition
screening tool in renal patients.

2.6

Approaches to validate a nutrition screening tool

The validity of a nutrition screening tool is determined by comparing its ability at
recognising individuals at risk of undernutrition against the assessment of one’s
nutritional status (Elia, 2003, Kruizenga et al., 2005a, Ferguson et al., 1999). The
definitions of various types of validity are summarised in Table 2.5.
Table 2.5

Definitions for different types of validity

Types
Face validity
Content validity

Construct validity
Criterion validity
Clinical validity

Predictive validity

Definition
Assess the extent to which a nutrition screening tool is subjectively viewed
as covering the concept it purports to measure (Holden, 2010).
Explores the relevance and completeness of a nutrition screening tool’s
content to its targeted construct (Haynes et al., 1995, Jones, 2004b) and
usually requires expert review (DeVellis, 2012).
Focuses on the extent to which a measure performs in accordance with
theoretical expectations (Jones, 2004b, Remler and Van Ryzin, 2011).
Evaluates agreement and performance (sensitivity/specificity) of the tool,
against a valid, gold standard reference measure (Chassany et al., 2002)
Explores the relationship that exists in known parameters associated with
nutrition status, but not used in the tool. Validity is then only established
against the parameter within that investigation (Chassany et al., 2002)
Explores the correlation with another measure assessed in the future (e.g.
morbidity and mortality) (Chassany et al., 2002)
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If a nutrition screening tool is to be used in a different care setting or patient group, the
effectiveness of this screening tool in this different care setting and patient group will
require further validation prior to implementation. Criterion validity evaluates the
sensitivity and specificity of the screening tool against a valid, gold standard reference
measure in order to determine the agreement and performance of the tool as to the
reference measure (Chassany et al., 2002).

There are three main reference measures employed by researchers to determine the
criterion validity of these screening tools.
x

The first measure is using the diagnostic criteria of undernutrition including the
measurements of BMI and percentage of involuntary weight loss (FAO/WHO/UNU,
1985, Lochs et al., 2006). Kruizenga et al. (2005a) assessed the nutritional status of
291 hospitalised patients using the classification of well nourished (<5% weight loss
in the last 6 months and BMI >18.5), moderately malnourished (5–10% weight loss in
the last 6 months and BMI >18.5) or severely malnourished (>10% weight loss in the
last 6 months or >5% in the last month or BMI <18.5). This classification was then
used as a reference method to validate the 26 questions related to dietary intake
and disease conditions (Kruizenga et al., 2005a). A set of questions that was the most
associated with the reference method based on the results of odds ratio, binary and
multinomial logistic regression was selected into the screening tool, which is
believed to best predict the nutritional status of this group of patients (Kruizenga et
al., 2005a).

x

The second reference measure is the SDA. The components of SDA can be different
from one study to another. It is dependent on the characteristics of the intended
patient group and care setting within which the screening tool will be implemented.
The SDA generally include all aspects of normal dietetic clinical assessment, such as
anthropometry, biochemistry, clinical conditions, dietary intake, medications and
psychosocial issues (Harris et al., 2008, Bennett et al., 2006).

x

The last reference measure that has been widely adopted is the SGA (Detsky et al.,
1987). Subjective Global Assessment has been validated across a broad range of care
settings including adults in acute care settings and older adults in rehabilitation,
residential aged care and community settings (Baker et al., 1982b, Baker et al.,
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1982a, Detsky et al., 1987, Duerksen et al., 2000, Sacks et al., 2000, Christensson et
al., 2002). Although there are many versions of the SGA since it was first developed
to suit various care settings and patient groups, the essence of the assessment
remains intact.

2.6.1 Validity of Nutritional Assessment Tools in Adults with Renal Failure
The validity of the 7-point SGA in determining the nutritional status of dialysis patients
has been well demonstrated (Churchill et al., 1996, Jones et al., 2004, Steiber et al.,
2007, Visser et al., 1999).
x

The criterion validity of the 7-point SGA was investigated by Jones et al. (2004) in 72
haemodialysis patients. The reference measure used to validate this modified tool is
a composite nutrition score described by Harty et al. (1994) including a 3-day food
diary, anthropometric parameters (dry weight, BMI, triceps skinfold thickness and
mid arm muscle circumference), SGA score and serum albumin (Jones et al., 2004).
Jones et al. (2004) found that the 7-point SGA score was significantly associated with
all of the components in the composite nutrition score except for serum albumin.
This may be due to the non-specificity of low serum albumin to undernutrition
(Elmore et al., 1994). Conversely, there were three misclassifications, where patients
with undernutrition scores assessed by the composite nutrition score were
recognised as well nourished by the 7-point SGA score. There is also overlap
between the 7-point SGA scores and the composite nutrition scores observed in the
midrange of nutritional status (Jones et al., 2004). However, the 7-point SGA was
demonstrated to have good discrimination of composite nutrition scores between
patients with the most abnormal and normal (Jones et al., 2004). As a consequence,
the 7-point SGA appears to be effective in distinguishing between haemodialysis
patients who are well nourished or malnourished.

x

The clinical validity of the 7-point SGA has also been considered in three studies
(Churchill et al., 1996, Steiber et al., 2007, Visser et al., 1999). Clinical validity
explores the relationship between the proposed tool and known parameters
indicating nutritional status not included in the tool (Chassany et al., 2002). When
the clinical validity of the 7-point SGA was first examined in 680 renal patients
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starting peritoneal dialysis by Churchill et al. (1996), they found that higher SGA
scores were significantly associated with greater percentage of lean body mass,
increased serum albumin levels and increased adequacy of dialysis, which was
estimated by greater measurements of weekly dialysis adequacy (Kt/V) for urea,
total weekly creatinine clearance and serum beta-2-microglobulin. The 7-point SGA
was also found to be correlated with BMI (r = 0.79, p < 0.001), percentage of body
fat (r = 0.77, p < 0.001), mid arm circumference (r = 0.71, p < 0.001), and mid arm
muscle circumference (r = 0.38, p = 0.09) among 22 dialysis patients - 13
haemodialysis and 9 peritoneal dialysis (Visser et al., 1999). In this study, only serum
pre-albumin was reported to be significantly associated with the scores of the 7point SGA by Visser et al. (1999). The authors also found that the reliability of the 7point SGA was not attenuated by increasing the number of classifications of
nutritional status in order to enhance the ability to detect smaller changes (Visser et
al., 1999). It was suggested to completing the 7-points SGA by the same observer or
a select group of observers because of the higher intra-observer reliability (0.88)
compared to inter-observer reliability (0.72) (Visser et al., 1999). The clinical validity
of the 7-point SGA in haemodialysis patients was demonstrated by Steiber et al.
(2007) through statistically significant differences in mean BMI and serum albumin
across five classifications of SGA from 3 to 7.

The predictive validity of 7-point SGA has also been investigated (Churchill et al., 1996,
De Mutsert et al., 2009). Predictive validity explores the relationship between the
assessment or screening tool and another measure assessed in the future, for example,
mortality and length of hospital stay (Chassany et al., 2002). Churchill et al. (1996)
reported that every unit decrease in the 7-point SGA score was significantly associated
with a 25% increase in mortality, whereas every one unit increase in the SGA score
predicted 18% less time spent in the hospital. De Mutert and colleagues (2009) also
found a dose-dependent response of the 7-point SGA with mortality. This means that a
decrease of every one-point of the SGA score was associated with a higher mortality risk
(De Mutsert et al., 2009). Since all four subscales in the 7-point SGA were associated
with mortality individually, the authors suggested that all four components in the SGA
were significant to the assessment of nutritional status in dialysis patients (De Mutsert
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et al., 2009). Nevertheless, the lengths of follow-up in both studies were considerably
short even though the follow-up period in the study of Churchill et al. (1996) was two to
three years. Hence, a longer term of follow-up period is required to determine the true
predictive validity of the 7-point SGA.

The clinical and criterion validity of the PG-SGA was initially considered in 60
haemodialysis patients by Desbrow et al. (2005). A PG-SGA score <9 showed a sensitivity
of 83% and a specificity of 92% at predicting the classification of original SGA, indicating
a good criterion validity (Desbrow et al., 2005). The PG-SGA score was also significantly
associated with serum albumin, which shows good clinical validity (Desbrow et al.,
2005). However, there was no association between PG-SGA score and BMI or
anthropometric measures including the corrected arm muscle area and triceps skinfold
(Desbrow et al., 2005). Since the anthropometric measures are reported by patients, the
lack of association between PG-SGA score and actual anthropometric measures implies
that results reported by patients might not necessarily represent the true
anthropometric measurements. As this is the only published study conducted in renal
patients, more studies are required to further investigate the validity of PG-SGA in
assessing the nutritional status of renal patients.

Although the clinical and predictive validity of both DMS and MIS have been examined in
these studies, the criterion validity of them in assessing nutritional status was not
considered (Kalantar-Zadeh et al., 1999, Kalantar-Zadeh et al., 2001, Kalantar-Zadeh et
al., 2004b). Hence, they may not be appropriate to be used to validate a screening tool
in this patient group. Moreover, published data on the validity of MIS on the detection
of undernutrition in peritoneal dialysis patients are limited. In a cross-sectional study by
Chan et al. (2007), the MIS showed a modest correlation with the 7-point SGA score in
165 peritoneal dialysis patients (r = -0.667, P < 0.001). This means only less than 50% of
the variability in the MIS could be explained by the SGA, even though the components in
the SGA are largely included by the MIS. Cheng and colleagues (2009) also reported a
moderate agreement between the 7-point SGA and MIS in recognising changes in the
nutritional status of 59 peritoneal dialysis patients over a 12-month period. Therefore,
MIS may not be the most appropriate reference measure to be used on the acute renal
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wards that encompass a variety of renal patients with acute illness. The 7-point SGA
appears to be the more suitable reference measure to evaluate the nutritional status for
this patient group.

2.6.2 Handgrip strength assessing nutritional status of adults
Although the 7-point SGA has undergone rigorous testing for validity, reliability,
specificity, and sensitivity, no reference method provides a true measure of an
individual’s nutritional status (Churchill et al., 1996, Jones et al., 2004, Visser et al.,
1999). Instead, the extent of the agreement between the test and reference method is
used to demonstrate the relative validity of the test method, as well as the extent to
which the reference method is believed to yield the truth (Gibson, 2005). If the 7-point
SGA is used as a reference method to assess the nutritional status of each renal
inpatient against the newly developed screening tool, a good agreement between the
results obtained from the proposed tool and reference method does not necessarily
indicate validity as it may only reveal similar errors in both methods. (Gibson, 2005).
Hence, an approach using biomarkers or functional markers is developed to validate the
nutrition screening tool that is independent of the measurement of nutritional status
(Gibson, 2005).

In this case, handgrip strength (HGS) may be used as an independent reference
measure, because one of the best indicators of undernutrition is the measurement of
muscle reserves and function (Carrero et al., 2008, Heimbürger et al., 2000). Handgrip
strength has been demonstrated to be a reliable method to evaluate skeletal muscle
function in healthy adults (Schlüssel et al., 2008a), but also as a monitoring parameter in
surgical patients (Bohannon, 2001), and as one of the determinants for recurrent fall
falls in older adults (Stalenhoef et al., 2002).

2.6.2.1

Validity of handgrip strength in adults with renal failure

The handgrip strength of 115 patients with chronic renal failure aged younger than 70
years close to the start of dialysis were measured by a dynamometer (Heimbürger et al.,
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2000). The authors found that the mean HGS values of well nourished patients, 43.5 ±
8.0 kg for males and 27.7 ± 6.3 kg for females, were higher than the malnourished ones,
29.2 ± 11.2 kg for males and 20.6 ± 5.8 kg for females, given the nutritional status was
defined by the SGA results (Heimbürger et al., 2000). Comparably, Stenvinkel et al.
(2002) reported that the mean HGS values of well nourished pre-dialysis patients were
significantly higher than those categorised by SGA as malnourished for both male (42 ± 1
vs. 25 ± 2 kg) and female (29 ± 2 vs. 20 ±1 kg). This observation may be due to the HGS
being greatly correlated with lean body mass (LBM) (Heimbürger et al., 2000, Stenvinkel
et al., 2002, Wang et al., 2005, Jones et al., 1997). Since LBM responds earlier to
nutritional deprivation and restoration, a reduction in LBM is an early marker of
undernutrition as well as a useful tool for monitoring nutritional intervention in adult
patients (Thibault and Pichard, 2012, Kerr et al., 1996, Norman et al., 2009). The
significant correlation between HGS and LBM in renal patients closer to dialysis was first
observed by Heimbürger and colleagues (2000) and confirmed by Stenvinkel et al.
(2002). The values of LBM in both studies were determined by dual-energy x-ray
absorptiometry (DXA), which is considered the most reliable method to evaluate LBM
(National Kidney Foundation, 2000, Kerr et al., 1996). For patients on peritoneal dialysis,
HGS was also showed to be strongly correlated with LBM estimated according to
creatinine kinetics (Wang et al., 2005, Jones et al., 1997). Hence, HGS appears to be a
reliable tool to measure the LBM of individuals with renal failure.

The predictive validity of HGS was investigated by Stenvinkel et al. (2002) and found that
HGS is an effective predictor of outcome in male pre-dialysis patients only. Whereas
Wang et al. (2005) argues that HGS may be a better predictor for morbidity and
mortality to cardiovascular disease with decreased muscle function regardless of gender
since correlation of other nutritional parameters used in their study including serum
albumin, SGA and LBM did not reach significance.

When comparing HGS to other nutritional parameters, Heimbürger et al. (2000) found
that well nourished pre-dialysis patients evaluated by SGA performed significantly better
in the HGS test and had greater LBM compared to those classified as malnourished by
SGA. Conversely, no correlation was reported by Heimbürger et al. (2000) between
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serum albumin level and HGS. This was in line with a previous study conducted by Jones
et al (1997) showing no correlation found between HGS and serum albumin levels or any
other nutritional index in patients undergoing continuous ambulatory peritoneal dialysis.
In contrast, Wang and colleagues (2005) observed that HGS was significantly associated
with serum albumin levels (r = 0.237, p < 0.001) and SGA (r = - 0.20, p = 0.002).

Despite it being evident that HGS is a simple and non-invasive measurement to assess
muscle function in renal patients without the influence of inflammation, there are some
limitations of the HGS test. Firstly, HGS values for renal patients were associated with
sex and age (Schlüssel et al., 2008a). Stenvinkel and colleagues (2002) reported that
there was a sex difference in both HGS and LBM among these patients, however, no
significant differences were observed in serum albumin levels and the prevalence of
undernutrition assessed by SGA between male and female patients. In regards to age,
Qureshi et al. (1998) indicated that HGS was negatively correlated to age (r = −0.54, p <
0.001) and % HGS values from controls were significantly higher in patients under 65
years of age (70.2 ± 24.5%) as opposed to those over 65 (45.2 ± 23%). Hence, differences
in sex and age of the participants should be adjusted when analysing the results of HGS.
Schlüssel et al. (2008a) stated that HGS increased with age and significantly declined
after 40 and 50 years of age for both healthy women and men, respectively.

Secondly, the diagnostic criterion for muscle depletion estimated by HGS for renal
patients requires further investigation (Schlüssel et al., 2008a, Schlüssel et al., 2008b).
Schlüssel et al. (2008a) attempted to establish the reference values for healthy
populations by measuring the HGS of 3050 Brazilian adults. The mean values of right and
left HGS for males were reported to be 42.8 and 40.9 kg, and 25.3 and 24.0 kg for
females, respectively. However, it is extremely difficult to establish the reference values
for the HGS in very specific disease states, as it requires a large sample size (Schlüssel et
al., 2008a). Moreover, the HGS of populations with renal disease, even for those that are
well nourished, are believed to be less than their healthy counterparts. For example, the
HGS in both well nourished men (45 ± 8 kg, P < 0.0001) and women (28 ± 6 kg, P <
0.0001) were less than healthy controls of similar age and body size (Heimbürger et al.,
2000). Nevertheless, the reference values of HGS specifically for renal patients was
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lacking in the literature. Hence, it is essential to take this difference into consideration
when interpreting the result of HGS in renal patients. The need to define the cut-off
point to categorise muscle wasting is also warranted. In addition, the procedure used to
measure HGS varies among studies. The most common measuring procedure is to assess
HGS in both the dominant and non-dominant arm using a mechanical dynamometer
three times on each, and the greatest value was recorded (Heimbürger et al., 2000,
Stenvinkel et al., 2002). Data from the dominant arm were used in the analysis in these
two studies to accommodate haemodialysis patients who had an arteriovenous fistula in
their non-dominant arm (Heimbürger et al., 2000, Stenvinkel et al., 2002). On the other
hand, Wang et al. (2005) only measured the HGS on the non-dominant hand. This may
have been due to the characteristics of the participants investigated, as they were
peritoneal dialysis patients where an arteriovenous fistula on the arm is not often
required. A standard operating procedure that has been validated should be followed
for each measurement to reduce inter- and intra-reliability.

2.7

Conclusion

The number of people with renal failure is increasing worldwide. In New Zealand, the
hospitalisation rate of people with renal failure is high in Māori and Pacific Island
populations especially in CMDHB, which is disproportionate in relation to the remaining
New Zealanders. There is increasing evidence that people with renal failure are more
prone to undernutrition, which can ultimately lead to increased morbidity and mortality
if left untreated. Nutrition screening that is administered by any healthcare
professionals on admission can effectively identify patients at risk of undernutrition so
that timely and appropriate dietetic interventions can take place. Nevertheless, data on
the prevalence of undernutrition in renal patients on the acute wards are lacking in the
literature. A validated nutrition screening tool is also required to be developed and
implemented specifically for this patient group.
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Chapter Three
3.

Methodology

3.1

Introduction

This research study commenced with the development of a renal nutrition screening
tool (R-NST), followed by an investigation of the validity and feasibility of the new R-NST
in identifying adult renal inpatients at risk of undernutrition. The objective of this
chapter is to present the study design, method, setting of the study and procedures
used to carry out the investigation.

3.2

Study design

A prospective, blind comparison to a gold standard study design was used to validate the
newly developed R-NST for adult renal inpatients (see Figure 3.1). The seven-point SGA
was considered to be an acceptable gold standard as a diagnostic method of
undernutrition among individuals with renal failure (Levey et al., 2002), and has been
validated in dialysis patients by Visser and colleagues (1999). The handgrip strength of
each participant was measured by a validated hand dynamometer as an independent
functional indicator of undernutrition to the SGA. Participants recruited from the acute
renal ward (Ward One) at MM Hosp were screened by the research assistants using the
newly developed R-NST and assessed by the researcher using the seven-point SGA and
the hand dynamometer. Training on using the R-NST was undertaken with the research
assistants, who worked alongside the researchers during the entire data collection
period. However, the researchers were blinded to the results of the R-NST administered
by the research assistants. The same researcher performed the SGA on all the
participants in order to reduce inter-individual variability. Each participant was their own
control. After implementing this R-NST on ward level, the undernutrition risk of each
participant was assessed using the R-NST by both the nursing staff and research
assistants. The performance of nursing staff on completing this newly developed R-NST
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was also evaluated, as well as their acceptability of implementing the R-NST by using a
two-page written survey with seven questions.
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Figure 3.1
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Each
participant

Research assistants:
- Newly developed
R-NST

Nutrition Screening

Phase Two: The validation of the newly developed R-NST over a 14week period (n=122)

Timeline (weeks)
0

Part B: Retrospective review of current
dietetic referral system on Ward One

Phase Three, Part B: The acceptability of the R-NST in practice by
the nursing staff – determined by administering a nurses’ survey

Blinded to researcher’s results

Nursing staff using the
R-NST

Nutrition Screening

Phase Three, Part A: The feasibility of the newly developed R-NST
as standard practice on Ward One over a nine-week period (n=84)

Testing the face and content validity of the newly developed R-NST

Part A: Literature review to identify:
x Any existing rapid nutrition screening tools validated for this patient group
and/or for the acute care setting.
x Any undernutrition risk variables specific to renal inpatients.

Phase One: The development of a new renal nutrition screening tool (R-NST)

3.3

Ethics approval

Ethical approval was obtained from the Health and Disability Ethics Committees:
Northern A (Application 13/NTA/1), and in accordance with this the participants gave
informed consent to participate in the research study. Counties Manukau District Health
Board (CMDHB) organisational approval (Research Registration Number: 1431) and
approval from renal services were sought to recruit participants from the acute renal
ward (Ward One), MM Hosp. Approval from Counties Manukau Māori Research Review
Committee was also obtained. The research study has also been registered in the
Australian New Zealand Clinical Trials Registry (Registration Number:
ACTRN12613000318785).

3.4

Participants

The research study was conducted in the acute renal ward (Ward One), MM Hosp,
Auckland, New Zealand. Ward One is a 20 bed ward that provides observation, diagnosis
and treatment for adult patients with renal disease. The participant recruitment was
aimed at any adult renal patients who were admitted to Ward One regardless of sex or
ethnicity.

The inclusion criteria for this research study were patients older than 18 years of age
with the following diagnosis:
x

Acute kidney injury,

x

Chronic renal failure,

x

Established renal failure (on haemodialysis, peritoneal dialysis or transplant).

Exclusion criteria were patients with:
x

Terminal illness,

x

Being unconscious,

x

Emergency situations (e.g. medically unstable),
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x

Inability to consent for themselves (due to learning disabilities, mental illness or
dementia).

3.4.1 Participant recruitment
Participants were recruited from patients who were admitted to the acute renal ward
(Ward One) on a daily basis. A list of patients that complied with the inclusion and
exclusion criteria was compiled on weekdays over a period of 14 weeks. Eligible patients
were visited by researchers or research assistants according to the list and availability
within the ward activities. Each patient was first greeted and their identity was verified.
Permission was sought to briefly explain the purpose of the research study. The
participant information sheet (see Appendix A) was then provided to them to read in
their own time. They were also encouraged to discuss the research study with other
people, such as family, whānau, friends or healthcare providers. On return to the patient
any questions they may have had regarding the research study were answered. Once
they agreed to participate in the research study, a written consent (see Appendix B) was
obtained from the participants. Participants were assigned sequentially to the research
study with a study number.
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3.5

Study process

The research study was carried out in three phases (see Figure 3.2).

Timeline (weeks)
0
Phase One
November 2012 –
February 2013

5

10

15
Phase Two,
April - July 2013
(14 weeks) n=122

20

The development of a new renal nutrition screening tool (R-NST)
that is specific for the renal inpatients in ward 1 at MM Hosp.
Assessing the face validity of the newly developed R-NST:
x Pretest both the proposed tool and nurses’ survey in a
subgroup of the renal inpatients and specialist dietitians.
x Modify the proposed tool and survey questions if necessary.
The newly developed R-NST was validated by comparing the
number of participants at risk of undernutrition identified by
this screening tool against the number of malnourished
participants identified by the seven point SGA.
The handgrip strength of each participant was assessed as an
independent indicator of undernutrition to the SGA tool.
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Phase Three,
Part A
May - July 2013
(9 weeks) n=84

Phase Three,
Part B
August 2013 n=8

Figure 3.2
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Feasibility of implementing this R-NST as the standard ward
practice.
The accuracy of nursing staff on completing the R-NST was
examined by comparing against those completed by the
research assistants.
Acceptability of the R-NST:
Survey the nursing staff to obtain feedback on the tool as
implemented in practice.

Flowchart detailing the study process
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3.5.1 Phase One – The development of a new R-NST
Phase one occurred off-site and included several investigations to facilitate the
development of a rapid nutrition screening tool specific to renal patients in the acute
care setting. A literature search was carried out to identify any existing rapid nutrition
screening tools that have been validated for this particular population group and/or for
the acute care setting. The screening tools that had been identified to be effective in
detecting renal patients at risk of undernutrition were the Geriatric Nutritional Risk
Index (GNRI) (Szeto et al., 2010, Yamada et al., 2008), MUST and MST (Lawson et al.,
2011). However, the GNRI was only validated among dialysis patients in an outpatient
setting; it has yet to be validated in an acute care setting. Therefore, the GNRI may be
inappropriate to be adopted for the patient group in the present research study.
Conversely, both MUST and MST have shown good validity and reliability in patients in
acute care settings (Elia, 2003, Kyle et al., 2006, Stratton et al., 2004, Stratton et al.,
2006, Ferguson et al., 1999, van Venrooij et al., 2007). Moreover, both the MUST and
the MST had been trialled in renal patients in the acute care setting by Lawson et al.
(2011). Although they are both developed to be administered by the nursing staff, the
MUST requires more time and skills from nursing staff due to measuring weight and
height, calculating body mass index (BMI) and percentage unintentional weight loss and
evaluating disease severity (Elia, 2003). In contrast, the MST is developed for nursing
staff to screen the nutritional status in a quick and easy way as it features easy questions
that are most predictive of undernutrition (Ferguson et al., 1999, van Venrooij et al.,
2007). In a study comparing the effectiveness between quick-and-easy screening tools
and more comprehensive screening tools, the Malnutrition Screening Tool appears to
perform as well as the MUST (Neelemaat et al., 2011). Neelemaat and colleagues (2011)
suggested that each hospital should implement the most appropriate screening tool for
its setting. Since the aim of this research study was to develop a rapid nutrition
screening tool that could be administered by the nursing staff, the Malnutrition
Screening Tool was chosen instead of the MUST. Nevertheless, Lawson et al. (2011)
found the MUST and MST to be insensitive in detecting undernutrition risk among renal
inpatients. Therefore, the evaluation of both involuntary weight loss and eating
behaviour alone do not appear to be effective enough in recognising undernutrition risk
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among this particular patient group. Hence, specialist renal dietitians in both academic
and clinical settings were consulted. Other nutritional measures that are specific to renal
patients such as renal specific biochemical markers for undernutrition were
incorporated into the screening tool.

A retrospective review to investigate the current dietetic referral system on Ward One
was conducted by the researchers within a twelve week period from November 2012 to
February 2013. Historical statistics and information from a service perspective were
collected. These included:
x

The number of renal patients from Ward One who had been referred to the
Nutrition and Dietetic Services,

x

The routes of these dietetic referrals (via fax, pager or verbal) and from whom (e.g.
nursing staff, the ward dietitian or other healthcare professionals on the ward),

x

The reasons for referral,

x

The nutrition diagnosis of each referred patient and the number of inappropriate
referrals.

This audit was conducted to obtain background information regarding the current
dietetic referral system aiming to facilitate the development of the R-NST.

The new R-NST (see Appendix C) was developed by utilising some of the content of the
MST (e.g. weight and appetite) and incorporating best practice dietetic content (e.g.
using specific biochemical measures) to achieve all the outcomes aimed for. These
outcomes are identifying renal inpatients at risk of undernutrition or requiring dietetic
input due to their renal conditions. The R-NST consists of nine questions, which must be
completed in three steps. Among the three steps, there are two pathways to generate a
dietetic referral indicating undernutrition risk.

The first pathway to generate a dietetic referral is when the total score in Step one
reaches three points or more. Step one consists of five compulsory questions (question
one to five). It not only contains determinants which are the most predictive of
undernutrition (e.g. recent involuntary weight loss and change in eating behaviour), but
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also includes renal specific nutrition indicators (e.g. serum phosphate and potassium and
episodes of peritonitis) that required timely dietetic input. While the MST has a
threshold of a score of two for the determination of undernutrition risk, the threshold
for the R-NST was raised by one point to three because of the characteristic of renal
patients. This is because that individuals with renal failure may often experience
episodes of anorexia resulting from various degree of uraemia (Carrero, 2011, Carrero et
al., 2007, Kalantar-Zadeh et al., 2004a, Kopple et al., 2000) and their weight may
fluctuate due to fluid retention as a result of a decline in renal function (Charra et al.,
1996, Kraemer et al., 2006, Katzarski, 1996). Having these signs and symptoms may not
necessarily indicate undernutrition for this patient group. Hence, the threshold was
increased to a score of three aiming to capture those that are the most likely to be
malnourished. If the score is less than three points, it may not necessarily show that this
patient is without any risk of undernutrition. Step two and three therefore need to be
completed to further obtain information to assist the determination of undernutrition
risk. This becomes the second pathway to generate a dietetic referral. Step two includes
the remainder of four questions (question six to nine) assessing any episodes of
persistent gastrointestinal symptoms that may be indicative of increased risk of
undernutrition, as well as three renal specific biochemical markers for renal patients,
namely albumin, C-reactive protein (CRP) and blood urea. These elements may provide
insight into the actual nutritional status of a renal patient beyond the manifestation of
any physical symptoms (Elliott and Robb, 2009, Gower, 2002, Heimbürger et al., 2000,
Jones and Wright, 2010, Qureshi et al., 1998, White et al., 2012a). Step three is the final
step in the R-NST where the scores of Step one and two are combined into a final score.
If the score in Step three is three points or more, the participant is predicted to be at risk
of undernutrition and a dietetic referral will be generated. Each element will be
discussed in more detail in the following sections.

3.5.1.1

Substantiating inclusion of questions one to five

The first question developed in the R-NST focused on involuntary weight loss over a six
month period via recording of current and previous weight. The calculated weight loss is
then assessed according to pre-set criteria that each have a point assigned. Points
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increase by increment, resulting in higher score, the more involuntary weight loss is
observed (see Figure 3.3).

Question
1. How much DRY/GOAL weight has the patient lost without
trying in the past six months?
Ask for patient’s weight in around 6 months ago __________kg
Patient’s current measured weight _________ kg (Dry Wet )
Figure 3.3

Criteria
None
1 – 5 kg
6 – 10 kg
11 – 15 kg
> 15 kg
Unsure

0 point
2 points
3 points
4 points
5 points
2 points

Question 1: Recent involuntary weight loss

This question was constructed closely following the MST’s, which has been shown to be
effective in recognising weight loss among adults in the acute care setting (Ferguson et
al., 1999, van Venrooij et al., 2007). However, the involuntary weight loss was specified
as ‘dry/goal’ weight. This was done to counteract the day-to-day changes of body weight
due to the shift of fluid balance on renal replacement therapy. Dry weight is an
individual’s body weight without the excess fluid that builds up between dialysis
treatments, which is the lowest weight this individual can tolerate without the
development of symptoms or hypotension (Henderson, 1980, Charra et al., 1996).
Although several different techniques have been used to derive a more standard
method of assessing dry weight (Kouw et al., 1992, Lauster et al., 1990, Horejs et al.,
1990, Kouw et al., 1993), no single method has emerged as a gold standard, as clinical
assessment of dry weight can be crude and often imprecise (Jaeger and Mehta, 1999). In
this research study, dry weight was determined by the medical team, postdialysis for the
participants undergoing dialysis. For the R-NST, the percentage of weight loss was not
calculated to measure the magnitude of weight loss, as it would have been too time
consuming for the nursing staff or other healthcare professionals to complete. Hence,
reporting weight loss in kilograms accommodates the fast-pace hospital environment
and may encourage completion rate. Therefore weight loss were scored in increments of
5kg. Any weight loss greater than 1kg generates points as in an average person of 60kg,
a 5 kg weight loss will mean a loss of 8% of weight.
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Question two (see Figure 3.4) was also constructed based on the MST (Ferguson et al.,
1999), and focused on eating behaviour. The proportion of each meal consumed since
being admitted to hospital was further defined in the second part of this question when
low appetite or difficulty in chewing and swallowing is investigated. This allows the
screening form to better quantify actual food intake in hospital as this will assist in
determining their severity of undernutrition risk and rate of recovery.
Question
2. Does the patient have a decreased appetite or problems
with swallowing or chewing foods at present?
If yes, what proportion of each meal has the patient been
able to eat since admission to hospital?

Figure 3.4

Criteria
No

0 point

¾ to all
½ - ¾ of a plate
¼ - ½ of a plate
less than ¼

0 point
1 point
2 points
3 points

Question 2: eating behaviour

It was decided to add two questions on biochemical markers specifically related to
undernutrition to the R-NST to verify their level of undernourishment. Question three
and four (see Figure 3.5) were incorporated into the R-NST due to the importance of
serum phosphate and potassium levels in individuals with renal disease. Low phosphate
and potassium levels are suggestive of diarrhoea, vomiting, and/or a decrease in oral
intake,
making them useful for targeting renal patients at risk (Goldstein, 1998).

Question
3. What is the patient’s serum phosphate (PO43-) level at
present?

Criteria
0.8 - 1.6 mmol/L
> 1.6 mmol/L
< 0.8 mmol/L
+
4. What is the patient’s serum potassium (K ) level at
3.5 - 5.8 mmol/L
present?
< 3.5 mmol/L
> 5.8 mmol/L
Figure 3.5
Question3 and 4: serum phosphate and potassium

0 point
1 points
3 points
0 point
2 points
3 points

Phosphorus is filtered freely in the glomerulus and reabsorbed in the proximal tubule
under the effect of various hormones (Prié et al., 2009). As the kidney function of
patients with CKD decreases, phosphorus is retained in the blood resulting in a positive
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phosphorus balance (Prié et al., 2009). The elevated blood level of phosphate
(hyperphosphatemia), increases the blood levels of parathyroid hormone (PTH), which
exert significant effects on the function of almost every organ via soft tissue calcification
in the long term (Mathew et al., 2008, Komaba and Fukagawa, 2010, Hruska et al., 2009).
Hyperphosphatemia also appears to be associated with increased mortality (Massry et
al., 2003). Research studies show that dietary restriction in phosphorus resulted in a
decrease in blood PTH inducing a normal bone turnover rate (Lafage-Proust et al., 1999,
LaFage et al., 1992). However, high protein foods such as meats contain high levels of
phosphorus in the form of adenosine triphosphate (Wilkens et al., 2012). Restricting
phosphorus intake can therefore reduce protein intake, which may lead to an increased
risk of undernutrition especially for dialysis patients who require higher intake of protein
(Wilkens et al., 2012). Therefore, the presence of a low serum phosphate in dialysis
patients may indicate insufficient dietary protein intake especially for those who do not
receive phosphate-binding agents.

In terms of the cut-off for serum phosphate, Gower (2002) found that serum phosphate
less than 0.75 mmol/L was significantly correlated to lower nutritional status assessed
by SDA in 3005 renal patients. Seventy seven percent of surveyed dietitians in Texas
considered low serum phosphate (< 0.9 mmol/L) as an objective measure of nutritional
status (Tai et al., 1998). Hence, 3 points would be given if phosphate was less than 0.8
mmol/L. In contrast, elevated serum phosphate is associated with increased risk of bone
disease and mortality (Massry et al., 2003). The K/DOQI guidelines recommended that
the serum level of phosphorus should be maintained no higher than 1.49 mmol/L in
patients with stages 3 and 4 CKD and 1.78 mmol/L in those with renal failure (stage 5)
(Massry et al., 2003). However, the CARI Guidelines – Caring for Australasians with Renal
Impairment suggest that a pre-dialysis serum phosphate level should be kept within
normal laboratory reference ranges (0.87 – 1.49 mmol/L) for patients with stage 3 and 4
CKD, whilst between 0.8 and 1.6 mmol/L in patients with stage 5 CKD (Hawley, 2005).
After consultation with the specialist renal dietitians at MM Hosp, the upper level of
serum phosphate was set to be 1.6 mmol/L, which is in line with the CARI Guidelines. It
is believed that this cutoff is the most suitable in clinical practice for this population in
CMDHB.
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Alterations in serum potassium are common in patients with renal disease (Iseki et al.,
1996, Lowrie and Lew, 1990). The elevation of serum potassium (hyperkalaemia)
continues to worsen as the disease progresses; eventually dialysis treatment may be
required to remove accumulated potassium in the blood (Gonick et al., 1971, Schrier and
Regal, 1972, De Marchi and Cecchin, 1990, Hayes Jr and Robinson, 1965). Both low and
high serum potassium levels (hypokalaemia and hyperkalaemia) are associated with
higher mortality in patients undergoing dialysis (Iseki et al., 1996, Lowrie and Lew, 1990,
Kovesdy et al., 2007). A study of 81013 patients on maintenance haemodialysis found
that poor nutritional status associated with hypokalaemia resulted in an increased
mortality (Kovesdy et al., 2007). This may be due to the physiologic role of potassium in
maintaining the resting cell membrane potential, neuromuscular excitability and cardiac
pacemaker rhythmicity (Wilkens et al., 2012). Hyperkalaemia can develop as a result of
net positive potassium balance between intra- and extracellular fluid concentrations
combined with impaired redistribution responses observed in uraemia. Hypokalaemia,
on the other hand, can be an indicator of decreased dietary intake and/or increased
extra-renal losses (Fernandez et al., 1986, Alvo et al., 1989, Gonick et al., 1971, Goldstein,
1998). Thus, the assessment of serum potassium can further determine the nutritional
status of renal patients.

Moreover, 79% of surveyed dietitians in Texas considered low serum potassium (< 3.4
mmol/L) as an objective measure of nutritional status (Tai et al., 1998). Gower (2002)
found that serum potassium less than 3.3 mmol/L was associated with lower SDA scores
indicating lower nutritional status. The K/DOQI guidelines suggest that the intake of
potassium rich food should be restricted if serum potassium is above 6.0 mmol/L.
Elevated serum potassium levels have also been shown to be associated with higher
nutrition risk as determined by SDA (Bennett et al., 2005, Bennett et al., 2006). Counties
Manukau District Health Board renal guidelines: Hyperkalaemia – Acute Management,
define mild hyperkalaemia as serum potassium less than 6.0 mmol/L and indicate that
all patients with serum potassium above 5.8 mmol/L should be referred to dietitian
(Counties Manukau Distric Health Board, 2013). Hence, the normal range of serum
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potassium in renal patients was set to be 3.5 – 5.8 mmol/L on consensus with the
specialist renal dietitians working in CMDHB.

Question five was designed to identify patients admitted to hospital due to peritonitis
(see figure 3.6).

Question
5. Does the patient have peritonitis at present?
Figure 3.6

Criteria
No
Yes

0 point
3 points

Question 5: presence of peritonitis

Even in patients with mild peritonitis, an increase in total protein losses during
peritoneal dialysis was observed, ranging from 8.8 ± 0.5 to 15.1 ± 3.6 g per day
(Blumenkrantz et al., 1981). Since protein losses increase substantially in patients with
peritonitis, a higher protein intake is required (Blumenkrantz et al., 1981). The Australia
and New Zealand Renal Guidelines Taskforce recommends a protein requirement for
individuals with peritonitis of 1.5 g per kg ideal or adjusted body weight (Ash et al.,
2006). The Australia and New Zealand Renal Guidelines Taskforce provided a summary
of the existing guidelines published between April 2002 and October 2003 (e.g. the CARI
and K/DOQI guidelines) to include the strongest level of evidence for each nutritional
component (Ash et al., 2006). When conflicting and supporting evidence was equal in
quality and depth, CARI guidelines were selected preferentially as more relevant to the
local environment (Ash et al., 2006). Therefore, it is important to recognise patients with
peritonitis on the ward in order for them to receive timely dietetic input.

3.5.1.2

Substantiating inclusion of questions six to nine

Questions six to nine were intended to enhance the ability of the R-NST in detecting
individuals at risk of mild undernutrition as it focused on more generalised symptoms
highlighting apparent undernutrition. They were answered only if the total scores of the
previous five questions did not reach 3 points. These four additional questions provided
more information regarding the nutritional status of an individual. These further assist
the determination of undernutrition risk, especially for individuals without apparent
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undernutrition, where it is necessary to rely on biomarkers to detect risk. Therefore, the
same construct is assessed in the two steps to identify patients at different stages of
undernutrition to ensure all malnourished patients are captured.

Question six investigates the presence of gastrointestinal symptoms such as nausea,
vomiting or diarrhoea continuously at least for three days (see figure3.7). Since a
functioning gastrointestinal tract is critical for the delivery of nutrients and prevention of
undernutrition, once the normal functions of the gastrointestinal tract are disturbed, the
risk of undernutrition in an individual increases (Zoran, 2003). Haemodialysis patients
with diabetes mellitus were observed to have more gastrointestinal symptoms such as
nausea, vomiting and diarrhoea, which may lead to protein depletion long term (Cano et
al., 2002). Hence, examining any unresolved gastrointestinal symptoms for more than
three consecutive days appears to be a useful indicator for determining the risk of
undernutrition.

Question
6. Has the patient experienced any of the following
gastrointestinal symptoms for the past three days or longer?
Figure 3.7

Criteria
None
0 point
Nausea +/- Vomiting 1 point
Diarrhoea
1 point
Question 6: the presence of gastrointestinal symptoms

Question seven focus on serum albumin, which has been considered as a marker for
visceral protein and one of the diagnostic criteria for detecting undernutrition (White et
al., 2012b, Jones and Wright, 2010). Lower serum albumin levels have also been
associated with morbidity and mortality among dialysis patients (Beddhu et al., 2002,
Iseki et al., 1993, Kalantar-Zadeh et al., 2005, Lowrie and Lew, 1990). One hundred
percent of surveyed dietitians in Texas used a serum albumin level (< 35 g/L) as an
objective measure of nutritional status (Tai et al., 1998). When serum albumin levels of
122 haemodialysis patients were compared against the SGA scores, Elliott and Robb
(2009) found that patients with a serum albumin level less than 35 g/L were more likely
to be at risk of undernutrition according to their SGA scores. This shows that serum
albumin appears to be useful in predicting the undernutrition risk of haemodialysis
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patients (Elliott and Robb, 2009, Steiber et al., 2007). The Renal Association Standards
also advise that an albumin level less than 35g/L should prompt assessment for
undernutrition (The Renal Association, 2002). Nonetheless, albumin level is influenced
by non-nutritional factors such as plasma volume expansion, albumin redistribution,
exogenous loss, increased catabolism, and decreased synthesis (Heimbürger et al., 2000,
Jones et al., 1997, Steinman, 2000). Serum albumin is an acute phase reactant protein,
its use as a marker of protein status can therefore be masked by inflammation (Jones et
al., 1997). Thus, it was incorporated into the nutrition screening form as an additional
objective measure in recognising participants at risk of undernutrition (see Figure 3.8).
Question
7. Is the patient’s serum albumin level LESS than 35 g/L at
present?
Figure 3.8
Question 7: serum albumin

Criteria
No
Yes

0 point
1 point

Question eight and nine were constructed to evaluate the levels of serum C-reactive
protein (CRP) and serum urea. An elevated CRP has been suggested to be an
independent factor associated with undernutrition (Heimbürger et al., 2000, Qureshi et
al., 1998). The high prevalence of an elevated CRP (> 10 mg/L) has been documented in
both dialysis (Qureshi et al., 1998, Zimmermann et al., 1999, Owen and Lowrie, 1998)
and pre-dialysis patients (Stenvinkel et al., 1999). Elevated levels of serum CRP appear to
be associated with increased production of pro-inflammatory cytokines among CKD
patients (Pereira et al., 1994, Kimmel et al., 1998). The increased accumulation of proinflammatory cytokines may stimulate muscle wasting by promoting protein catabolism
via the ubiquitin-proteosome pathway (Bistrian et al., 1992) as well as by decreasing
albumin synthesis and the suppression of appetite (Steinman, 2000). Consequently,
increased serum levels of CRP that is associated with pro-inflammatory cytokines may be
predictive of undernutrition risk. A level of serum CRP greater than 10 mg/L was found
to be significantly associated with an increased risk of undernutrition (Elliott and Robb,
2009). In terms of serum urea levels, there are various non-dietary factors that may
affect blood urea levels including renal function, catabolism and inadequate or overdialysis. However, in clinical practice, patients with pre-dialysis urea levels less than 15
mmol/L have been observed to have a greater risk of undernutrition possibly due to
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inadequate protein intake (Elliott and Robb, 2009, Gower, 2002). Thus, serum CRP and
urea levels were included into the screening tool in combination with albumin as the
three additional objective measures (see figure 3.9). These measures may contribute to
increase the specificity of the screening tool in identifying renal patients at risk of
undernutrition without any physical symptoms.

Question
Criteria
8. Is the patient’s C-reactive protein (CRP) level GREATER No
than 10 mg/L at present?
Yes
9. Is the patient’s blood urea level LESS than 15 mmol/L at No
present?
Yes
Figure 3.9
Questions 8 and 9: serum C-reactive protein and blood urea levels

0 point
1 point
0 point
1 point

Once development was completed (see Appendix C), the face validity of the new R-NST
was assessed by the researchers and its content validity was further assessed by the
specialist renal dietitians at MM Hosp. The aim was to ensure that the content of the RNST was recorded and interpreted in the way that it was intended. The R-NST was
modified with any necessary changes including the comprehension of the questions, the
layout of the tool and the scoring assigned for each question. The R-NST was piloted by a
New Zealand registered dietitian in MM Hosp and the researchers using de-identified
patient information to ensure its effectiveness on recognising undernutrition risk.

3.5.2 Phase Two – The validation of the newly developed R-NST
The validity of the newly developed screening tool in identifying adult renal patients in
the acute care setting was examined in this phase. The undernutrition risk of each
participant was assessed by a research assistant using the R-NST. The actual nutritional
status of each participant was determined independently by the researcher using the 7point SGA as a gold standard nutrition assessment tool and by measuring handgrip
strength with a Smedley-type handheld dynamometer (100 kg YOII, Tsutsumi, Japan) as
a functional measure. The validity of this proposed screening tool was determined by
comparing it’s accuracy in recognising participants at risk of undernutrition against the
results of the 7-point SGA and handgrip strength.
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3.5.2.1

The R-NST

The R-NST was performed on each participant by a research assistant. The biochemical
results required in the screening form were obtained from the Concerto Clinical
Information System, which is the clinical workstation used by clinicians in New Zealand
to view electronic patient information such as demographics, laboratory and radiology
results, clinical notes and documents, etc. A dietetic referral was generated if a score of
three or more points were generated at any of the stages.

3.5.2.2

Seven-point SGA

The researcher was trained by a New Zealand registered dietitian to use the seven-point
SGA rating form (see Appendix D) to assess the nutritional status of all participants
according to a standardised protocol (McCusker et al., 1996).
The seven-point SGA rating form consists of four subscales:
x

The patients’ history of weight change in the previous six months (subscale one),

x

Dietary intake, and presence of gastro-intestinal symptoms (loss of appetite, nausea,
vomiting, and diarrhoea) (subscale two),

x

A physical examination of subcutaneous fat mass (subscale three), and

x

A physical examination of muscle wasting (subscale four).

A seven-point classification was assigned for each of the four subscale with “1” being the
least nourished and “7” being the most well nourished. Each participant was first
categorised into one of the three classifications malnutrition, ranging from severely
malnourished (scoring “1” to “2”), to moderately malnourished (scoring “3” to “5”) and
well nourished (scoring “6” to “7”). Secondly, the final classification of each subscale was
fine-tuned on the basis of clinical judgement using the following criteria:
x

‘‘Can the status of the participant improve or worsen within the category?’’,

x

‘‘What has been developed within the past two weeks?’’, and

x

‘‘What has been the change compared with the previous SGA scores if available?’’.
64

For instance, if a participant was categorised as severely malnourished in one of the
subscales, and his or her condition could get worse, a rating of one was assigned; but if
their condition had improved since the previous assessment, a rating of two was given.
When a participant was categorised as moderately malnourished, a score could be
assigned from “3” and “5” on the basis of the criteria if the condition tended toward
severe undernutrition with a lower rating of “3” or to well nourished with a higher rating
of “5” or was somewhere in between. As for participants classified as well nourished, a
rating of “6” was given when the condition was likely to improve or when it worsened
compared to the previous assessment. Lastly, an overall SGA classification of “1” to “7”
was calculated for each participant consisting of 60% of the history part (subscale one
and two) and 40% of the physical examination (subscale three and four). A final rating of
“7” indicated an adequate nutritional status, whereas a rating of “1” indicated severe
undernutrition (McCusker et al., 1996, Visser et al., 1999).

3.5.2.3

Handgrip Strength

The HGS f each participant was measured following the standardised protocol of the 100
kg Smedley hand dynamometer (Tsutsumi, YOII). The dominant hand of each participant
was first identified and recorded. The arm that had a fistula (if any) was also recorded
for participants on haemodialysis. The participants were required to measure their
handgrip strength on both arms twice. The first measurement was always started on the
dominant arm followed by the non-dominant arm, and then repeated. The participants
were sitting down in a chair with the feet slightly apart, the arm placed along the body
and grasp naturally while preventing the dynamometer from contacting the body or
clothes. The hand dynamometer was grasped with the scale facing away from the body.
The width of the grip was such that when grasped, the second joint of the fore-finger
were almost at a 90° angle. The same position for the same participant was kept to
ensure a 90° angle was achieved by recording the position of the grip corresponding to
the scale labelled on the side of the hand dynamometer. In that position, the
participants were encouraged to close the hand in a squeezing motion without swinging
the dynamometer around. The final handgrip strength was the average between the
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better measurements for each arm and was recorded in kg. The HGS measurement was
then graded against a predefined reference standard (population that is age and sex
specific) as “below average”, “average” and “below average”. This predefined reference
standard was based on the reference values published in Australian fitness norms: a
manual for fitness assessors by Gore and Edwards (1992) (See Appendix E)

3.5.3 Phase Three – The feasibility of the newly developed R-NST in practice
The feasibility of adopting the R-NST as standard ward practice to identify patients at
risk of undernutrition will be described in the section. The R-NST was developed to be
administered by nursing staff to detect adult renal inpatients at risk of undernutrition
shortly after admission to the acute renal ward in MM Hosp. During the feasibility study
period, the R-NST was inserted into the medical notes of each patient by the ward clerk
upon admission. Over a nine week period the nursing staff was required to screen all
patients admitted to Ward One, MM Hosp within 48 hours of admission using the R-NST.
The R-NST was introduced to the nursing staff at the beginning of their handover
meetings on three different occasions in order to capture as many staff as possible. The
purpose of the R-NST was explained, followed by a ten minute education session on how
to administer and complete it. The charge nurse was responsible to train the nursing
staff that was unable to attend the education session.

The performance of nursing staff completing the R-NST was assessed over a nine week
period. The number of forms administered and completed by the nursing staff on
consented patients was recorded. During the same period, the R-NST was also
administered and completed by the trained research assistants. Hence, the accuracy of
nursing staff on completing the screening forms was able to be examined by comparing
against those completed by the research assistants.

3.5.3.1

The acceptability of the R-NST in practice

The acceptability of the R-NST in practice by the nursing staff was explored by
administering a survey at the beginning of nursing staff handover meetings on five
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occasions over seven days. The survey was aiming to investigate not only the nurses’
perspective on the content, layout and the usefulness of the R-NST, but also the impact
of the R-NST on their workload and any perceived barriers on screening compliance.

3.6

Data dandling and analysis

The data analysis was performed using SPSS software. Nutrition screening is used to
identify an increased risk of undernutrition (Kondrup et al., 2003a). Ideally such
screening correctly identifies all individual with undernutrition, and similarly correctly
identifies all individuals who are well nourished. When evaluating a nutrition screening
tool, the terms sensitivity and specificity are used. They are independent of the
population of interest subjected to the test. The terms positive predictive value (PPV)
and negative predictive value (NPV) are used when considering the diagnostic
performance of a nutrition screening tool to a clinician and are dependent on the
prevalence of undernutrition in the population of interest. Sensitivity is defined as the
proportion of individuals who were correctly identified as being nutritionally at risk, and
specificity is defined as the proportion of individuals who are correctly identified as not
at risk. SGA and handgrip strength results were used as the gold standard for assessing
the sensitivity and specificity of the screening tool. Area under the receiver operating
characteristic (ROC) curve, sensitivity, specificity, PPV and NPV and their 95% confidence
intervals were summarised. An accepted a priori definition for an appropriate nutrition
screening tool recommends a sensitivity >80% and a specificity of 60% (Ferguson et al.,
1999). Multiple logistic regression models were used to correlate results from the
screening tool against the gold standard results, adjusted by patients’ characteristics.
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Chapter Four
4.

Results

4.1

Introduction

This research study was conducted on an acute renal ward (Ward One) at Middlemore
Hospital (MM Hosp), Auckland, New Zealand. The study procedures described in Chapter
Three were followed. The objective of this chapter is to present the results regarding the
piloting validity and feasibility of a newly developed renal nutrition screening tool (RNST). The retrospective review of dietetic referral system on Ward One will be first
presented, followed by the demographic data of study participants. The results
regarding the diagnostic performance of the R-NST are presented subsequently. They
include the results of the R-NST for each participant completed by the research
assistants as well as the results of the 7-point subjective global assessment (SGA) and
handgrip strength (HSG) assessed separately by the researchers who were blinded to the
R-NST results. Finally, the results regarding the feasibility of the R-NST including the
performance of the R-NST as a standard practice on the ward level and the acceptability
of the R-NST by the nursing staff will be presented.

4.2

The Retrospective review of dietetic referral system on Ward One

Since there was no nutrition screening protocol implemented on Ward One, it is
essential to investigate the current situation of nutrition screening and dietetic referral
on the ward level. The current standard practice for dietetic referral on Ward One is to
fax a completed Acute Adult Dietitian Referral form to the Nutrition and Dietetic services
(see Appendix F). There were 74 dietetic referrals generated on Ward One within a
twelve week period from November 2012 to February 2013 (12 weeks). On average, six
referrals were received each week. Of 74 dietetic referrals generated during this period,
there were only 10.8% were referred by using this form. The rest were generated either
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by the ward dietitians themselves (51.4%) or by a healthcare colleague on the ward
(including doctors, nursing staff and speech language therapists) verbally or via the
pager (37.8%).

The reasons for dietetic referrals from November 2012 to February 2013 are
summarised in Table 4.1. Fifty percent of the dietetic referrals were generated due to
renal disease requiring dietetic input, whereas other 24.3% of patients were referred as
a result of undernutrition or increased undernutrition risk. According to the nutrition
diagnosis determined by the ward dietitian, three patients were diagnosed with
undernutrition and 35 patients (47.3%) were considered at risk of undernutrition. There
were eight inappropriate dietetic referrals from the 28 referrals that were generated by
healthcare colleagues when comparing the reasons for referral to the nutrition diagnosis
determined by the ward dietitian.

Table 4.1

Reasons for dietetic referral (November 2012 – February 2013)

Reasons for dietetic referral
Undernutrition domain (Total):
Poor intake
Unintentional weight loss
Existing undernutrition
Low albumin
Renal nutrition domain (Total):
Commencing dialysis
Peritonitis
Hyperkalaemia
Dietary review/education regarding renal conditions
Acute kidney injury
Other renal disease related issues
Iron deficiency
General nutrition domain (Total):
Requesting/requiring oral nutritional supplements
Texture modified diets
Constipation
Weight reduction/Obesity
Pressure area
Ongoing bacteraemia

Frequencies (n = 74) (%)
18 (24.3%)
8
4
3
3
37 (50.0%)
11
10
5
4
3
2
1
15 (20.3%)
8
3
1
1
1
1

Dietetic referrals generated by healthcare professionals (Total):
Inappropriate referrals

28 (37.8%)
8

Results expressed in frequencies.
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4.3

Demographic description of the study participants

One hundred and twenty two participants who were admitted to the acute renal ward
(Ward One) at MM Hosp between April and July 2013 (14 weeks) were recruited for this
research study. The response rate for participating in the research study was 85.3%. The
characteristics of participants are summarised in Table 4.2.

Table 4.2

Demographic description of the participants (n=122)

Characteristics
n (%)1
Gender
64 (52.5)
males
58 (47.5)
females
Age (year)
57.1 ± 14.1
Length of hospital stayed (day)
4 [2 – 6]
Time of nutritional screening completed after admission (day)
1 [1 – 3]
2
Nutritional status assessment by SGA
Well nourished
44 (36.1)
Malnourished
78 (63.9)
3
Dietetic referrals generated by R-NST
31 (25.4)
No
91 (74.6)
Yes
Reasons for dietetic referral among the 91 referrals generated by R-NST
At risk of undernutrition
83 (91.2)
Requiring dietetic input due to renal conditions
8 (8.8)
SGA, subjective global assessment; R-NST, renal nutrition screening tool.
1
th
th
Results expressed as frequencies, mean ± standard deviation and median [25 and 75 percentiles].
2
Nutritional status was evaluated by the SGA with a rating from “1” to “7”. “6 – 7” being well nourished,
“< 6” being malnourished.
3
Dietetic referrals were generated by the scores of the newly developed R-NST. A score of three or more
generates a dietetic referral.

The mean age of the participants was 57.1 ± 14.1 years. The majority of participants (see
Table 4.2) were Pacific Islanders (44.3%) and New Zealand Maori (23.8%). Among the 54
participants that are from Pacific Island countries, 44.4% were Samoan followed by Cook
Island Maori (29.6%) and Tongan (16.7%), respectively. Other Pacific Island countries
included Fiji, Niue and Tokelau.
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The renal medical condition of each participant was also collected according to their
medical notes on admission (summarised in Table 4.3 below). Ninety three (76.2%)
participants were on renal replacement therapy, of which two third were on
haemodialysis.
Table 4.3

Ethnicity and renal medical condition of participants by gender
Males (n=64)

Ethnicities:
New Zealand European
New Zealand Maori
Pacific Islander
Chinese
Indian
Other
Renal medical conditions:
Haemodialysis
Peritoneal dialysis
Acute kidney injury
Chronic kidney disease (nondialysis)
Post kidney transplant
Nephrotic syndrome

Females (n=58)

Total N (%)
(n=122)

17
14
25
3
2
3

9
15
29
2
2
1

n=122
26 (21.3%)
29 (23.8%)
54 (44.3%)
5 (4.1%)
4 (3.3%)
4 (3.3%)

29
18
2
9

34
12
1
10

n=122
63 (51.6%)
30 (24.6%)
3 (2.5%)
19 (15.6%)

4
2

1
0

5 (4.1%)
2 (1.6%)

4.4
The Validation of the newly developed R-NST in identifying renal
inpatients at risk of undernutrition
One hundred and twenty two participants were screened by the research assistants
using the newly developed R-NST in a 14 week period from April to July 2013. Blinded to
this, the nutritional status of all 122 participants was evaluated by the researcher using
the gold standard subjective global assessment (SGA) method as well as the hand grip
strength (HGS) using a dynamometer. However, only 121 participants were measured as
one participant being unable to perform the HGS test at the time of measurement. The
R-NST and SGA results of this participant were included in the diagnostic analysis of the
R-NST against the SGA. The results generated from the R-NST, SGA and HGS are
summarised in Table 4.4.
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Table 4.4
Results for the R-NST, the 7-point SGA and the HGS among renal
inpatients in MM Hosp
1

R-NST
7-point SGA2
HGS (kg)3

Males (n = 64)
4 [3 – 5]
6 [4 – 6]
29 [22 – 35]
th

Females (n =58)
4 [2 – 5]
5 [4 – 6]
18 [15 – 23]

Total (n = 122)
4 [2 – 5]
5 [4 – 6]
23 [17 – 30]

th

Results expressed as median [25 and 75 percentiles].
R-NST, renal nutrition screening tool; SGA, subjective global assessment; HGS, handgrip strength; MM
Hosp, Middlemore hospital.
1
The R-NST has scores from “0” to “22”, with a score of greater than or equal to “3” being at nutrition risk
and a score of less than “3” being not at risk.
2
The 7-point SGA has a rating from “1” to “7”, with “1 – 2” being severely malnourished, “3 – 5” being
mildly to moderately malnourished and “6 – 7” being well nourished.
3
The HGS is graded based on the reference values published in Australian fitness norms: a manual for
fitness assessors by Gore and Edwards (1992) (See Appendix E).

4.4.1 Results of the R-NST
The R-NST was developed to facilitate the dietetic referrals on Ward One based on its
scores. The scores of greater than or equal to three will generate a dietetic referral. In
total, 91 participants were referred to the Nutrition and Dietetic services at MM Hosp
based on the outcome of the R-NST. Of these 91, 83 of the referrals were due to an
increased risk of undernutrition, whereas the other eight referrals identified by the
outcome of the R-NST resulted from these participants requiring dietetic input for their
renal conditions, such as hyperkalaemia rather than being at risk of undernutrition.

The R-NST can be completed in three simple steps. Step one consists of five compulsory
questions (see Appendix C). When the scores in Step one are less than three points,
proceed to steps two and three to obtain further information (scores) to assist the
determination of nutrition risk. Step two includes four questions and Step three
combines all the scores into a final score. These scores are used to generate a dietetic
referral indicating increased nutrition risk, which can be generated from two pathways.
The first pathway to generate a dietetic referral is when the scores in Step one reach
three points or more. The second pathway is when the scores in Step three are greater
than or equal to three points.
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Of the 91 referred participants, 64 (70.3%) were referred through the first pathway after
Step one. Of these, 57 (89.1%) were referred because of an increased risk of
undernutrition, whilst seven (10.9%) was referred as a result of requiring dietetic input
for their renal conditions. Conversely, 27 of the 91 referred participants were identified
via the second pathway of the R-NST with the majority of them, 26 (96.3%), referred due
to an increased risk of undernutrition and only one referred due to his or her renal
condition.

4.4.2 Results of the 7-point SGA
The 7-point SGA was performed for each participant by the searchers who have been
provided with the standardised training. The 7-point SGA has a rating ranged from “1” to
“7” which is categorised into three classifications of one’s nutritional status (“1 – 2”
being severely malnourished, “3 – 5” being mildly to moderately malnourished and “6 –
7” being well nourished). Of 122 participants assessed by the 7-point SGA, 44 were
classified as well nourished, 70 as mildly to moderately malnourished and eight as
severely malnourished. During this 14 week period, the prevalence of the undernutrition
on Ward One is 63.9% based on the results of the 7-point SGA.

4.4.3 Results of the HGS
The handgrip strength of each participant was measured by the researchers using a hand
dynamometer. The median HGS of 121 participants are summarised in Table 4.4. The
HGS of 28 participants was graded as “average” compared to a reference population
that is age and sex specific, whereas 93 participants had HGS “below average”. No
participants were found to be “above average”. The average HGS was graded based on
the reference values published in Australian fitness norms: a manual for fitness
assessors by Gore and Edwards (1992) (See Appendix E).
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4.4.4 The diagnostic performance of the R-NST
The R-NST was specifically developed to recognise patients in an acute care setting with
a variety of renal conditions requiring dietetic input. The participants referred by the RNST due to reasons other than being at risk of undernutrition were excluded in the
validation of the R-NST in identifying renal inpatients at risk of undernutrition.
Therefore, the number of participants used to validate the diagnostic performance of
the R-NST is 114.

The diagnostic performance of the R-NST is assessed using predictions of sensitivity and
specificity. Sensitivity is defined as the proportion of participants who were correctly
identified as being at risk of undernutrition, and specificity is defined as the proportion
of participants who are correctly identified as not at risk. The subjective global
assessment and HGS results were used as the gold standard measures for assessing the
sensitivity, and specificity of the R-NST. Area under the Receiver Operating Characteristic
curve (AUC), sensitivity, specificity, positive predictive value (PPV) and negative
predictive value (NPV) and their 95% confidence intervals are summarised in Table 4.5.
Table 4.5
SGA

The diagnostic performance of the R-NST and HGS in comparison to the

Diagnostic performance analyses
Sensitivity
Specificity
Positive predictive value
Negative predictive value
AUC

R-NST (%) [95% CI]
97.3 [90.7, 99.7]
74.4 [57.9, 87.0]
88.0 [79.0, 94.1]
93.6 [78.6, 99.2]
0.95*

HGS (%) [95% CI]
82.4 [71.8, 90.3]
25.6 [13.0, 42.1]
67.8 [57.1, 77.3]
43.5 [23.2, 65.5]
0.63*

R-NST, renal nutrition screening tool; HGS, handgrip strength; AUC, area under the Receiver Operating
Characteristic curve; CI, confidence interval.
* This value is not a percentage.

The PPV of 88.0% indicates that of the 83 test positives (at risk of undernutrition by the
R-NST), 73 of them were real positives, and 10 of them that were indicated as being at
risk, were not malnourished according to the SGA results. The negative predictive value
of 93.6% indicates that of the 31 test negatives by the R-NST, 29 of them were the real
negatives (well nourished) and two were missed in comparison with the SGA. In other
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words, the area under the receiver operating characteristic curve for using the R-NST to
predict the SGA is 0.95, which indicates the accuracy of this diagnostic test for the R-NST
is excellent (see Figure 4.1).

Figure 4.1
The area under the receiver operating characteristic curve for the R-NST
in comparison to the SGA
Correlations between the R-NST and SGA, the R-NST and Average of HGS were
determined (see Table 4.6). There are significantly strong negative associations between
SGA and the R-NST with a Spearman correlation coefficient -0.74 (p<0.001). The range
of correlation coefficient is between -1 and 1. For negative association, the bigger the
correlation coefficient value indicates the stronger negative association. The
associations between the HGS and the SGA is 0.27 (p = 0.002), which is very weak; the
associations between the HGS and the R-NST is -0.12 (p = 0.20), which does not reach
significance.
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Table 4.6

Correlations between the R-NST and SGA, the R-NST and average of HGS

Spearman correlation coefficients (p values)
R-NST
SGA

SGA
- 0.74 (<0.0001)
—

Average of HGS
- 0.12 (0.20)
0.24 (0.009)

R-NST, renal nutrition screening tool; SGA, subjective global assessment; HGS, hand grip strength
p value < 0.05 indicates statistical significance.

Multiple logistic regression models were used to correlate results from the R-NST
against the gold standard SGA results, adjusted by participants’ characteristics. They
showed that participant’s gender and age were both significantly associated with being
malnourished. Females are more likely to be malnourished than male patients, and
elderly patients were more likely, to be malnourished than younger patients. An
increase of one score in the R-NST was associated with 2.7 times [95% C.I. 1.9-3.9] the
odds of being malnourished, and associates with 3.0 times [95% C.I. 2.0-4.4] the odds of
being malnourished when age and gender were accounted.

4.4.5 Comparisons between handgrip strength and nutritional status
The hand grip strength of malnourished participants determined by the SGA are
significantly lower than those that are well nourished in women (p = 0.001), but not in
men (p = 0.790). Malnourished participants aged under 65 have a significantly lower HGS
compared to those that are well nourished (p = 0.009) (Table 4.7). However, there was
no significant difference in HGS between participants who are at risk of undernutrition
and those that are not at risk determined by the R-NST even when gender and age were
accounted for.
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Significant differences in hand grip strength between groups were determined by using the Independent T-test. R-NST, renal
nutrition screening tool; SGA, subjective global assessment; CI, confidence interval.
2
Nutritional status of 121 participants was evaluated by the SGA.
3
Undernutrition risk of 113 participants was determined by the R-NST.
4
Geometric mean [95% CI] (all such values).
5
p < 0.05 indicates statistical significance.

1

Hand grip strength (kg)
Nutritional Status determined by SGA2
Undernutrition risk determined by R-NST3
Well nourished4
Malnourished4
p
Not at risk4
At risk of
p
5
4
value
undernutrition
value5
26.9 [23.2, 30.8] 26.3 [23.4, 29.5] 0.790 26.2 [22.7, 30.8] 25.9 [23.3, 29.0] 0.900
22.3 [19.1, 26.1] 16.3 [14.9, 18.0] 0.001 20.0 [16.7, 23.3] 17.1 [15.5, 19.8] 0.100
26.2 [23.5, 29.6] 20.4 [17.7, 23.4] 0.009 24.5 [21.8, 28.1] 21.3 [18.8, 24.2] 0.161
20.3 [16.0, 24.8] 21.2 [18.9, 23.9] 0.742 17.8 [13.4, 22.0] 21.5 [19.1, 24.2] 0.228

Hand Grip Strength of Participants by Nutritional Status, Gender and Age 1

Male
Female
Aged under 65
Aged 65 or older

Participants

Table 4.7

4.5

The feasibility of the newly developed R-NST in practice

4.5.1 The trial of R-NST in practice administered by the nursing staff on Ward
One, MM Hosp
The newly developed R-NST was trialled by the nursing staff on the ward level. In a nineweek period, the nursing staff was independently assessing patients using the R-NST
alongside the research assistants. The performance of the nursing staff on completing
the R-NST was compared with the results of the R-NST on the same participant
completed by the research assistants. Over the nine week period, 84 recruited
participants were screened by the research assistants using the newly developed R-NST.
From all the ward patients, including the recruited participants, only 19 (22.6%) R-NSTs
were completed by the nursing staff. The referral procedure was correctly followed with
only 16 (19.0%) participants based on the scores of the R-NST completed by the nursing
staff, when compared to the referrals made for the same participants by the research
assistants. To further investigate the accuracy of the R-NST scoring by the nursing staff,
the scores of each participant assigned by the nursing staff were compared to the ones
generated by the research assistants. Of the 84 participants, there were only seven
(8.3%) who had been correctly scored on the R-NST by the nursing staff in comparison to
the research assistants. Of the 19 R-NSTs completed by the nursing staff, 36.8% were
accurately scored.

4.5.2 Results of the Nurses’ Survey
Following the trial of using the R-NST as a standard dietetic referral by the nursing staff,
the nurses’ surveys were administered to all the nursing staff at the beginning of
handover meetings on Ward One on five occasions over seven days. This was to
investigate the acceptability of adopting the R-NST as a standard dietetic referral by the
nursing staff. Twenty five surveys were handed out. The completed surveys were
submitted anonymously; eight surveys (32%) were completed and returned to the
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researchers. The nursing staff who used this R-NST were encouraged to complete this
survey. The results of the survey are summarised in Table 4.8.

Table 4.8

Results of the nurses’ survey

Survey questions
The presentation of the R-NST
The usefulness of the R-NST
The R-NST is logical to complete
The R-NST is easy to complete

Scores
1.88 ± 0.83
1.75 ± 0.89
1.88 ± 0.83
2.00 ± 0.93

Scores are expressed in one number, from “1” to “5”, “1” being excellent and “5” being poor.
Results expressed as mean ± standard deviation.

The renal nutrition screening tool is perceived by the nursing staff as being well
presented and useful at identifying patients at risk of undernutrition as well as being
logical and easy to complete. They identified that the R-NST takes on average five to ten
minutes to complete, which was considered to be an appropriate time period for such a
tool. Half of the nursing staff who responded stated that the determination of any
weight loss in the previous six months took the longest to complete, followed by the
searching of biochemical markers on Concerto Clinical Information System. Seventy five
percent of respondents reported that the benefit of nutrition screening is to identify
patients at risk of undernutrition and improve timely dietetic referral. The main barriers
for completing the R-NST were time constraints and increasing workload. One
suggestion that was made by one respondent is to appoint a designated staff to perform
the nutrition screening on all newly admitted patients.
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Chapter Five
5.

Discussion

5.1

Introduction

The renal nutrition screening tool (R-NST) was designed to be administered by the
nursing staff to identify renal adult patients at risk of undernutrition after admission to
an acute renal ward in Middlemore hospital (MM Hosp). The objective of this chapter is
to discuss firstly the development of the R-NST, followed by a discussion of the results of
this validation study as presented in chapter four. These will include a discussion of the
diagnostic performance of the R-NST in this patient group against the 7-point subjective
global assessment (SGA) and handgrip strength (HGS). Lastly, the feasibility of the R-NST
as a standard practice on the ward level by the nursing staff will be discussed.

5.2

Retrospective review of dietetic referral system on Ward One, MM Hosp

The retrospective review findings presented important background information
regarding the current dietetic referral system on Ward One in MM Hosp. This review
highlighted that patients at risk of undernutrition were unlikely to be recognised during
admission due to the lack of a nutrition screening protocol in practice. Of the 74 dietetic
referrals created during this period, only 24.3% were generated because of an increased
risk of undernutrition. This is below the average undernutrition prevalence of 32% found
in 56 hospitals across Australia and New Zealand (Agarwal et al., 2012b). When
comparing to the undernutrition prevalence of 52.3% observed on the acute renal wards
in Australia (Lawson et al., 2011), it is estimated that more than half of the renal
inpatients who were at risk of undernutrition could have been unrecognised during their
admission to Ward One. Therefore, there is an urge to determine the true prevalence of
undernutrition on Ward One and to explore the feasibility of using a nutrition screening
tool as a standard nutrition screening protocol on ward level.
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Since the dietetic services in MM Hosp operates on a referral system, the routes of
dietetic referral on Ward One consisted of verbal, fax and pager referrals from various
healthcare professionals on the ward including nursing staff, dietitians and speech
language therapists. However, of the 74 referrals, 51.4% were generated by the ward
dietitians themselves, whereas less than 37.8% of the referrals were made by the
nursing staff. Green and Watson (2005) advocate the development of a rapid nutrition
screening tool that could be easily administered by any member of a multidisciplinary
renal team without the requirement of dietetic training. This would be valuable to
ensure that patients who may be malnourished can be accurately identified and referred
to the dietetic services. Hence, it is beneficial to develop a nutrition screening tool that
could also facilitate timely dietetic referral on ward level.

5.3

Characteristics of the study participants

There were a large proportion of the 122 study participants who were Māori (23.8%),
Pacific Island (44.3%) and Asian (7.4%) peoples. According to the 2006 census (Statistics
New Zealand, 2006), the population of South Auckland was made up of 15.5% Māori,
21.5% Pacific Island origin, 16.9% Asian and the remainder being predominantly New
Zealand Europeans. Although there is no updated census, the study participants were a
good representation of the ethnic groups living in South Auckland.

Of the 122 participants, the majority of the participants were on maintenance dialysis
treatment, 51.6% (n = 63) on haemodialysis and 24.6% (n = 30) on peritoneal dialysis.
The remainder were 15.6% (n = 19) CKD patients not receiving dialysis, 2.5% (n = 3) AKI
patients, 4.1% (n = 5) post kidney transplant patients and 1.6% (n = 2) with nephrotic
syndrome. Similarly, Lawson et al. (2011) reported the treatment modality of 190
participants recruited from the acute renal wards were 55% haemodialysis, 18%
peritoneal dialysis, 30% not receiving dialysis and 7% kidney transplant. Hence, the
participants recruited in the present study appear to well represent the treatment
modality of an acute renal ward.
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5.4

Development of the R-NST

The R-NST was developed with the aim firstly to identify renal patients who are at risk of
undernutrition on admission to the acute renal ward, and secondly to provide timely
referrals for those requiring dietetic input due to their renal conditions. Based on a
review of current literature and to the best of our knowledge, it appears that a nutrition
screening tool specifically developed to detect the undernutrition risk of acute renal
inpatients with a variety of renal conditions, does not exist. Although there are existing
nutrition screening tools that have been used to identify renal patients at risk of
undernutrition, most of these have only been used to screen individuals on renal
replacement therapy. For example, the Geriatric Nutritional Risk Index (GNRI) has been
shown to be effective in recognising individuals on either haemodialysis or peritoneal
dialysis who are at risk of undernutrition (Szeto et al., 2010, Yamada et al., 2008).
Nevertheless, the GNRI has yet to be examined in renal patients from an acute care
setting. Despite nutrition screening tools such as the MUST and MST that have been
found to be valid in detecting the undernutrition risk of patients in the acute care setting
(Elia, 2003, Ferguson et al., 1999, Kyle et al., 2006, Stratton et al., 2004, Stratton et al.,
2006, van Venrooij et al., 2007), they were shown to be insensitive to identify
undernutrition risk specifically among Australian inpatients with renal failure (Lawson et
al., 2011). Therefore, modifying these existing tools to increase their diagnostic
performance among this patient group is warranted.

Since nutrition screening tools are generally constructed to include four risk variables,
namely: weight/BMI, involuntary weight loss in the past three to six months, food intake
and disease process (Kondrup et al., 2003a, Elia, 2003, Ferguson et al., 1999), Lawson
and colleagues (2011) suggested that these risk factors alone may not be sensitive and
specific enough to identify renal patients who are at risk of undernutrition in an acute
care setting. Considering that the GNRI is effective in detecting dialysis outpatients who
are at risk of undernutrition. It is important to consider its unique feature. The GNRI
incorporates biochemical measures as risk variables, which is different from other rapid
nutrition screening tools (e.g. MUST and MST). In fact, the use of biochemical measures
in combination with the traditional risk variables has been demonstrated to be useful in
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recognising the undernutrition risk among haemodialysis patients (Gower, 2002, Elliott
and Robb, 2009). Particularly the combination of serum levels of albumin, C-reactive
protein (CRP) and urea together with involuntary weight loss is significantly associated
with the results of the SGA among these haemodialysis patients (Elliott and Robb, 2009).
Therefore, the R-NST was modified from the MST that has been validated in the acute
care setting to include the traditional risk variables such as involuntary weight loss and
reduction in food intake (Ferguson et al., 1999, van Venrooij et al., 2007), as well as
biochemical measures to increase the sensitivity and specificity of the tool in detecting
undernutrition risk.

Adding biochemical measures to the R-NST have contributed to increase the
effectiveness of the R-NST in identifying renal inpatients at risk of undernutrition
without any physical symptoms. These are:
x

Decreased serum albumin levels have been linked to increased morbidity and
mortality among dialysis patients (Beddhu et al., 2002, Iseki et al., 1993, KalantarZadeh et al., 2005, Lowrie and Lew, 1990). When serum albumin levels of 122
haemodialysis patients were compared against the SGA scores, Elliott and Robb
(2009) found that patients with a serum albumin level less than 35 g/L were
significantly associated with increased undernutrition risk defined by the SGA.
Therefore serum albumin appears to be a useful predictor of undernutrition risk
among patients undergoing dialysis (Elliott and Robb, 2009, Steiber et al., 2007).
The Renal Association Standards also advise to perform a full nutrition
assessment in renal patients with an albumin level less than 35g/L (The Renal
Association, 2002). However, non-nutritional factors such as plasma volume
expansion, albumin redistribution, exogenous loss, increased catabolism, and
decreased synthesis have been reported to affect the levels of serum albumin
level (Heimbürger et al., 2000, Jones et al., 1997, Steinman, 2000). This is
because serum albumin is an acute phase reactant protein and its use as a
predictor of undernutrition can be disguised by inflammation (Jones et al., 1997).
Serum albumin was consequently incorporated into the R-RST as an additional
objective measure to increase the diagnostic performance at recognising renal
inpatients at risk of undernutrition.
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x

The high prevalence of an elevated CRP (> 10 mg/L) has been reported in both
dialysis (Qureshi et al., 1998, Zimmermann et al., 1999, Owen and Lowrie, 1998)
and pre-dialysis patients (Stenvinkel et al., 1999). Serum CRP levels greater than
10 mg/L were demonstrated to be significantly correlated with an increased risk
of undernutrition (Elliott and Robb, 2009). This elevated CRP levels may be
contributed by an increased production of pro-inflammatory cytokines among
CKD patients (Pereira et al., 1994, Kimmel et al., 1998). Subsequently, the over
accumulation of pro-inflammatory cytokines may stimulate muscle wasting by
promoting protein catabolism via the ubiquitin-proteosome pathway (Bistrian et
al., 1992) as well as by decreasing albumin synthesis and the suppression of
appetite (Steinman, 2000). Thus, an increased CRP level appears to be an
independent risk variable associated with undernutrition (Heimbürger et al.,
2000, Qureshi et al., 1998). The assessment of serum CRP levels among this
patient group was included in the R-NST as one of the additional risk variables.

x

Renal patients with predialysis urea levels less than 15 mmol/L have been
reported to have a greater risk of undernutrition, which is likely a result of
inadequate protein intake (Elliott and Robb, 2009, Gower, 2002). However, since
there are various non-dietary factors that may affect serum urea levels such as
renal function, catabolism and inadequate or over-dialysis, serum urea were only
incorporated as one of the three additional objective measures into the R-NST.

Furthermore, the R-NST was designed to be completed in three simple steps. This threestep format is aimed to facilitate timely generation of dietetic referrals; not only to
recognise acute renal inpatients at risk of undernutrition, but also to identify those
requiring dietetic input due to their renal conditions.

The five compulsory questions in Step one includes involuntary loss of dry weight in the
past six months, reduction in food intake, serum potassium and phosphate levels and
the presence of peritonitis. These questions encompass the essential risk variables for
the risk of undernutrition (Kondrup et al., 2003a) as well as risk factors indicating
dietetic input required due to renal conditions among acute renal inpatients (Bennett et
al., 2006). A total score of three points or more from these five questions will generate a
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dietetic referral. As a result of this approach, 91 (74.6%) of the total group of 122
participants were referred, of which 64 (70.3%) were identified in Step one already. In
other words, these five compulsory questions in Step one is responsible for almost three
quarters of the total dietetic referrals generated in this research study. Of the 64
referrals generated from Step one, these five compulsory questions were further able to
distinguish between those participants identified due to increased risk of undernutrition
(n=57, 89.1%) and those referred due to their renal conditions requiring dietetic input
(n=7, 10.9%). These compulsory questions ensure that the R-NST identifies participants
requiring dietetic input in the timeliest manner.

In Step two, the four additional questions regarding gastrointestinal symptoms and
serum levels of albumin, CRP and urea, provide an opportunity to further examine the
undernutrition risk of participants whose scores were less than three points. These
additional questions are specifically related to undernutrition risk among individuals
with renal failure (Elliott and Robb, 2009, Cano et al., 2002, Zoran, 2003, Beddhu et al.,
2002, Iseki et al., 1993, Kalantar-Zadeh et al., 2005, Lowrie and Lew, 1990, Gower, 2002,
Kimmel et al., 1998, Pereira et al., 1994) to allow the R-NST to capture as many
participants at risk of undernutrition as possible. Because of this extra screening step, 27
(29.6%) of the 91 referred participants were recognised as at risk of undernutrition after
the completion of these additional questions. Therefore, this three-step R-NST was
successfully designed to facilitate timely dietetic referral on an acute renal ward in
addition to the recognition of undernutrition risk among this population group.

Although the effectiveness of some of the existing nutrition screening tools at
identifying undernutrition risk among individuals with renal failure have been examined,
such as the GNRI, MUST and MST (Szeto et al., 2010, Yamada et al., 2008, Lawson et al.,
2011), the ability of recognising renal patients requiring dietetic input due to their renal
conditions has not yet been considered by the authors. Conversely, a Four-Element
Nutrition Screening Tool (FENST) was developed by Bennett et al. (2006) in Australia to
detect haemodialysis patients requiring dietetic input due to their renal conditions in
outpatient facilities. The FENST employs four specific nutritional concerns that affect
non-hospital haemodialysis patients, namely weight change, poor appetite, serum
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potassium and serum phosphate levels (Bennett et al., 2006). Nonetheless, the FENST
was not aimed to identify individuals at risk of undernutrition per se (Bennett et al.,
2006). Thus, the R-NST is the first nutrition screening tool that was developed not only
to identify renal patients at risk of undernutrition, but also to refer those requiring
dietetic input due to their renal conditions in an acute care setting.

5.5

Nutrition screening and prevalence of undernutrition on Ward One

Of the 122 participants, 91 were referred to the Nutrition and Dietetic services at MM
Hosp based on the outcome of the R-NST. Of these 91 participants, 83 (68.0%) were
identified as at risk of undernutrition. The other eight participants were recognised by
the R-NST as in need of dietetic interventions because of their renal conditions. On
average, six participants per week was recognised by the R-NST as at risk of
undernutrition, compared with only two patients per week, identified by the
retrospective audit under the normal ward practice. Since the retrospective review only
reported 24.3% of the 74 patients referred to the Nutrition and Dietetic services under
the normal ward practice, as opposed to 68.0% identified by the R-NST, there is a
likelihood that the normal ward practice failed to recognise more than half of the
patients from Ward One that would have been identified by the R-NST as at risk of
undernutrition. When MUST and MST were used to identify 190 renal inpatients at risk
of undernutrition, only 38.8% and 32.4% were classified as at risk of undernutrition,
respectively (Lawson et al., 2011). The R-NST appears to recognise a higher percentage
of undernutrition risk than the ones classified by the MUST and MST in this patient
group (Lawson et al., 2011).

Approximately two thirds (n=65, 63.9%) of the participants in this research study was
malnourished based on the results of the 7-point SGA, which is considered as a
diagnostic method of undernutrition among adults with renal failure by the NKF-KDOQI
(Chassany et al., 2002, Levey et al., 2002). Similarly, the prevalence of undernutrition in
acute renal inpatients in Australia was reported to be approximately 50% (Lawson et al.,
2011). This highlights the importance of nutrition screening to identify malnutrition early
for this patient group. In comparison to the prevalence of undernutrition among
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hospitalised patients in Australia and New Zealand regardless of the medical specialities,
it was found to be 32% within a total of 3122 participants from 370 acute care wards
from 56 hospitals across Australia (n = 42) and New Zealand (n = 14) (Agarwal et al.,
2012b). Hence, the prevalence of undernutrition in acute renal inpatients is almost twice
as high as other medical specialities in hospital. However, a recent study of screening of
randomly selected acute care hospital patients (n=275) in a tertiary Australian hospital
showed that malnutrition was poorly documented (Gout et al., 2009). Only 15% of
malnourished patients were identified and correctly documented by the dietitians as
being malnourished in the medical history (Gout et al., 2009). Therefore, it is imperative
to implement a routine nutrition screening protocol to facilitate the recognition of
malnourished patients on the acute renal wards.

5.6

Validation of the newly developed R-NST

To be able to recommend this R-NST to be used in clinical practice, its diagnostic
performance needed to be validated against gold standard measures. The seven-point
SGA and the HGS as an independent functional indicator were chosen for this purpose.

5.6.1 Diagnostic performance of the R-NST in comparison to the SGA
The R-NST showed a great ability at detecting undernutrition risk (sensitivity = 97.3%,
specificity = 74.4%, positive predictive value (PPV) = 88.0%, negative predictive value
(NPV) = 93.6%), compared to the seven-point SGA.

The R-NST met the recommendation for an appropriate nutrition screening tool by
having a sensitivity ≥ 80% and a specificity of 60% (Ferguson et al., 1999). A high
sensitivity in relation to the results of the SGA (97.3%) indicates that the R-NST is
particularly sensitive at correctly identifying malnourished individuals in this patient
group. Although the specificity was much lower (74.4%) than sensitivity, it still exceeded
the a priori definition of 60% specificity (Ferguson et al., 1999). A specificity of 74.4%
shows that the R-NST correctly identified 74.4% of participants who were not at risk of
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undernutrition as test negative (true negatives) but 25.6% participants without
undernutrition were incorrectly identified as test positive (false positives).

In the acute care setting, the sensitivity and specificity for both the MUST and MST have
been well investigated (Amaral et al., 2008, Ferguson et al., 1999, Gibson et al., 2012,
Kyle et al., 2006, Almeida et al., 2012). The sensitivities and specificities of the MUST
were found in three published studies as 85% and 93% (Almeida et al., 2012), 80% and
85% (Gibson et al., 2012), 61% and 76% (Kyle et al., 2006), respectively. Similarly, the
sensitivities and specificities of the MST were reported in three published studies as
48.7% and 94.6% (Amaral et al., 2008), 93% and 93% (Ferguson et al., 1999), 77% and
83% (Gibson et al., 2012), respectively. The low sensitivity of 48.7% was conducted
among oncology inpatients (Amaral et al., 2008), the reference method used in this
study was a nutrition screening tool, NRS 2002, not a full nutrition assessment tool. Van
Venrooij et al. (2007) argue that the lack of ability for nutrition screening tools to
evaluate the nutritional status of individuals may contribute to this low sensitivity
observed. Although the MUST and MST have showed evidence on identifying patients at
risk of undernutrition in an acute setting and their sensitivities and specificities were
comparable to the R-NST, these studies were not conducted specifically among
individuals with renal failure (Amaral et al., 2008, Ferguson et al., 1999, Gibson et al.,
2012, Kyle et al., 2006). Hence, it is not plausible to compare the results of these studies
with the present research study.

In terms of the sensitivity and specificity of nutrition screening tools that have been
examined among renal patients, the effectiveness of the GNRI in recognising
undernutrition risk among dialysis patients in outpatient facilities against the MIS and
SGA has been investigated (Szeto et al., 2010, Yamada et al., 2008). When compared to
the MIS, the sensitivities and specificities of the GNRI in both haemodialysis and
peritoneal dialysis patients were 73.0% and 81.9% (Yamada et al., 2008) and 68.0% and
67.7% (Szeto et al., 2010), respectively. However, when compared to the SGA, the
sensitivity of the GNRI in peritoneal dialysis outpatients decreased to 54.5%, whilst its
specificity increased to 71.1% (Szeto et al., 2010). Although the GNRI has demonstrated
moderate ability in identifying dialysis patients at risk of undernutrition in the outpatient
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facilities, its effect was unable to be compared with this research study due to the
difference in settings.

Individuals with renal failure in an acute care setting has only been examined by one
Australian study conducted by Lawson et al. (2011). The authors explored the validity of
both the MUST and MST at recognising the undernutrition risk in this patient group
against the SGA (Lawson et al., 2011). Both the MUST and MST show considerably lower
sensitivity, 53.8% and 48.7%, respectively, in comparison to the 97.3% sensitivity of the
R-NST. However, the specificity of the MUST and MST, 78.3% and 85.5% respectively,
were reasonably higher than the R-NST (74.4%) (Lawson et al., 2011).

For nutrition screening, the benefit of having a higher sensitivity ensures that all
individuals with undernutrition are correctly identified as at increased risk of
undernutrition and receive timely dietetic input (Lawson et al., 2011). This is particularly
significant to Counties Manukau DHB, which is responsible for providing healthcare
services for areas with a high population of Māori and Pacific Island peoples (Statistics
New Zealand, 2006). Since Māori and Pacific Island peoples were found to have a higher
prevalence of renal failure than New Zealand European (McDonald et al., 2011, Simmons
et al., 1994), and the rate of hospitalisations of Māori and Pacific Island peoples with
renal failure was greater (Health and Disability Intelligence Unit, 2008), implementing a
nutrition screening tool that is able to identify almost all malnourished renal inpatients
in MM Hosp will be the most beneficial to the Māori and Pacific Island patients.
Therefore, the R-NST shows great potential to be implemented as a standard nutrition
screening protocol on Ward One in MM Hosp.

Having a tool with moderate specificity implies that more resources may be spent on
individuals who are not actually malnourished (Lawson et al., 2011, Isenring et al., 2009).
Nevertheless, it is far more important to ensure that all malnourished participants are
being identified by the R-NST than misclassifying the well nourished participants as
undernourished. This is because the implications of untreated undernutrition in hospital
are beyond extra resources required to exclude well nourished patients recognised as at
risk of undernutrition(Elia and Stratton, 2009). Undernutrition in renal patients has been
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found to be significantly associated with longer hospital stay and increased morbidity
(Ikizler et al., 1999, Pupim et al., 2003, Fiaccadori et al., 1999). Recent economic
estimates suggest that the cost of undernutrition to the UK in 2007 was at least £13
billion because of the adverse clinical effects of malnutrition, which increase treatment
costs, hospitalisations, general practitioner visits and general healthcare use (Elia and
Stratton, 2009). In contrast, Kruizenga and colleagues (2005b) indicate that early
screening with low HGS and treatment of malnourished patients reduced the length of
hospital stay in all malnourished patients by one day. Therefore, a nutrition screening
tool with a high sensitivity is clinically more meaningful than specificity.

Predictive values are useful to reflect the diagnostic performance of a screening test as
they indicate the likelihood of disease in an individual when the test result is positive
(PPV). In contrast, the NPV indicates the likelihood of being disease free in an individual
when the test result is negative (Lalkhen and McCluskey, 2008). The 88.0% PPV of the RNST indicates that if an individual tests as at risk of undernutrition, there is an 88.0%
chance that he or she is malnourished. This means that if 100 individuals are recognised
by the R-NST as at risk of undernutrition, 88 of them are likely to be malnourished,
whilst 12 of them are likely to be well nourished. In other words, there is a good
probability that an individual does have some level of undernutrition if he or she tests
positive by the R-NST. Conversely, the NPV of 93.6% demonstrates that if an individual
tests as not at risk of undernutrition by the R-NST, there is a 93.6% chance that he or she
is well nourished. Therefore, high percentages of both the PPV and NPV indicate that the
undernutrition risk of a renal inpatient predicted by the R-NST is very likely to be
accurate.

The MUST and MST have been shown to have good PPV and NPV in the acute care
setting (Ferguson et al., 1999, Almeida et al., 2012, Kyle et al., 2006). Ferguson et al.
(1999) demonstrated that the PPV and NPV of the MST were 98.4% and 72.7% in 408
hospitalised patients in Australia. Although the MUST shows moderate PPV (65%) and
NPV (76%) in a mixture of surgical and medical inpatients (Kyle et al., 2006), it illustrates
much higher scores of the PPV (89%) and NPV (99%) in surgical patients alone (Almeida
et al., 2012). When comparing the PPVs and NPVs of MUST and MST in renal inpatients
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with that of the R-NST, it demonstrates remarkably higher PPV (88%) and NPV (93.6%)
than both the MUST (73.7% and 60%) and MST (78.7% and 60%), respectively (Lawson et
al., 2011). Consequently, Lawson and colleagues (2011) concluded that the MUST and
MST may not be suitable for this patient group. This shows that the R-NST has far
superior diagnostic performance in identifying undernutrition risk in this patient group
than both screening tools. The superior results of PPV and NPV may be resulting from
the risk variables employed in the R-NST. These risk variables consist of traditional risk
variables such as involuntary weight loss in the past six months and reduction in food
intake due to a decreased appetite as well as risk variables that are specific to acute
renal inpatients including some biochemical measures. Furthermore, the GNRI that
incorporates anthropometric and biochemical measures aiming to recognise
haemodialysis outpatients at risk of undernutrition demonstrated moderate scores of
PPV (71.7%) and NPV (78.7%) (Yamada et al., 2008). However, the reference method
used in the study by Yamada et al. (2008) was the MIS, which was different from the
reference method used to validate the R-NST. The settings, in which these two screening
tools were validated, were also different. Hence, it would be interesting to examine the
diagnostic performance of the R-NST and GNRI in the renal inpatients using the same
reference method in future studies.

5.6.2 Handgrip strength and nutritional status in adult acute renal patients
Handgrip strength has been considered to be a reliable method to evaluate skeletal
muscle function in a variety of population groups (Bohannon, 2001, Schlüssel et al.,
2008a, Stalenhoef et al., 2002), including individuals with renal failure (Heimbürger et
al., 2000, Stenvinkel et al., 2002, Wang et al., 2005, Jones et al., 1997). Since the
reduction of lean body mass (LBM) occurs earlier than physical symptoms of nutritional
deprivation and restoration, (Thibault and Pichard, 2012, Kerr et al., 1996), HGS appears
to be an early tool to recognise early undernutrition by measuring any decrease in LBM
among individuals with renal failure (Heimbürger et al., 2000, Stenvinkel et al., 2002,
Wang et al., 2005, Jones et al., 1997) .
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In the present research study, 93 participants (76.9%) had a below average HGS when
compared to a set of age- and sex-specific reference values (Gore and Edwards, 1992).
The mean HGS values of well nourished patients were 26.9 [95% CI: 23.2, 30.8] kg for
males and 22.3 [95% CI: 19.1, 26.1] kg for females, whereas the mean HGS for
malnourished patients were 26.3 [95% CI: 23.4, 39.5] kg for males and 16.3 [95% CI:
14.9, 18.0] kg for females, given the nutritional status was defined by the SGA results.
Although the mean HGS of study participants were much lower than those not receiving
dialysis (Heimbürger et al., 2000, Stenvinkel et al., 2002), the mean HGS of renal patients
on maintenance dialysis reported by both Qureshi et al. (1998) and Axelsson et al. (2006)
were comparable to the findings of present research study (see Table 5.1). This may be
explained by the majority of the study participants (76.2%) being on maintenance
dialysis. The length of individuals being on maintenance dialysis treatment may reflect
their levels of HGS and LBM. Maintenance dialysis can be viewed as leading to a chronic
inflammatory state, which has an elevated resting energy expenditure associated with
decreased lean body mass (Stenvinkel et al., 2000, Dinarello and Roubenoff, 1996).
Therefore patients on maintenance dialysis often have decreased LBM (Axelsson et al.,
2006, Qureshi et al., 1998).
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25.7 ± 1.5
(non-inflamed2)
19.4 ± 2.7
(inflamed2)

29.1 ± 2.6
(non-inflamed2)
25.8 ± 1.7
(inflamed2)

34.0 ± 12.0

40.4 ± 1.3
(non-inflamed2)

38.6 ± 1.7
(inflamed2)

193 ESRD patients on
dialysis

93

Results are expressed as geometric mean [95% CI] and mean ± standard deviation.
HGS, handgrip strength; ESRD, end-stage renal disease.
1
Nutritional status of participants was evaluated by the subjective global assessment tool.
2
Inflammation was defined as C-reactive protein greater or equal to 10 mg/L.

12.0 ± 11.0
(moderately – severely)

24.0 ± 9.0
(mildly)

22.0 ± 9.0

29.0 ± 2.0

128 ESRD patients on
haemodialysis

25.0 ± 2.0

42.0 ± 1.0

29.2 ± 11.2

206 ESRD patients
predialysis

27.7 ± 6.3

22.3 [19.1, 26.1]

19.0 ± 1.4
(inflamed2)

22.8 ± 1.9
(non-inflamed2)

11.0 ± 6.0
(moderately – severely)

13.0 ± 7.0
(mildly)

20.0 ± 1.0

20.6 ± 5.8

16.3 [14.9, 18.0]

Females
Well nourished
Malnourished1
1

43.5 ± 8.0

26.3 [23.4, 29.5]

Males
Malnourished1

115 ESRD patients starting
dialysis

26.9 [23.2, 30.8]

Well nourished

1

HGS (kg)

Handgrip strength reported in various research studies according to nutritional status and sex

121 renal inpatients

Subjects

Table 5.1

(Axelsson et al.,
2006)

(Qureshi et al.,
1998)

(Stenvinkel et al.,
2002)

(Heimbürger et al.,
2000)

(Xia et al., 2013)

The HGS of well nourished patients reported in these four studies were significantly
higher than those that were malnourished (Heimbürger et al., 2000, Stenvinkel et al.,
2002, Axelsson et al., 2006, Qureshi et al., 1998). Heimbürger et al. (2000) found that
well nourished predialysis patients evaluated by the SGA performed significantly better
in the HGS test and had greater LBM compared to those classified as malnourished by
the SGA. However, the difference in HGS between well nourished and malnourished
participants in this present research study only reached significance in females, but not
in males. And a weak correlation was observed between the average of the HGS and the
SGA (0.24, p = 0.009) among acute renal inpatients, and no significant correlation was
found between the average of the HGS and the R-NST (- 0.12, p = 0.20).

There are some confounding factors that may have influenced the effectiveness of HGS
in identifying acute renal inpatients who are malnourished. Handgrip strength values
were observed to be associated with sex and age in renal patients (Schlüssel et al.,
2008a). Not only was the mean HGS of well nourished female participants based on the
SGA significantly higher than the ones that were malnourished (22.3kg vs. 16.3kg, p =
0.001), but well nourished participants aged under 65 also showed a significantly higher
HGS compared to those that were malnourished (26.2kg vs. 20.4kg, p = 0.009).
Nonetheless, no difference in HGS between well nourished and malnourished
participants was observed if they were male or over 65 years of age. Therefore, HGS
appears to be an ineffective tool to detect malnourished individuals who are either male
or over 65 years of age in this patient group.

This weak association between the HGS and nutritional status may firstly be influenced
by the type of patients this research study was aiming for, which was a mixture of renal
inpatients with various degrees of disease state. The studies that have shown significant
association were conducted in homogeneous groups of renal patients (Heimbürger et
al., 2000, Stenvinkel et al., 2002, Wang et al., 2005, Jones et al., 1997). Since the HGS
between predialysis patients and those on maintenance dialysis, which results from
chronic dialysis, is associated with a reduction in LBM (Stenvinkel et al., 2000, Dinarello
and Roubenoff, 1996), having a heterogeneous sample group of both predialysis and
maintenance dialysis patients is likely to attenuate the diagnostic performance of HGS
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on nutritional status. Secondly, while the analysis accounts for age and sex, it does not
account for anthropometric factors, such as height (Balogun et al., 1991, Hanten et al.,
1999, Desrosiers et al., 1995, Peolsson et al., 2001) weight (Balogun et al., 1991, Hanten
et al., 1999) or hand size (Desrosiers et al., 1995), which have been found to affect HGS.
Therefore, further research should be conducted to investigate the plausibility of using
the HGS as an early screening tool for undernutrition in an acute care setting with a
variety of patient groups, particularly renal patients.

5.7

Feasibility of the newly developed R-NST in practice

Evidence-based best practice guidelines in Australia (Watterson et al., 2009) and in the
UK (National Collaborating Centre for Acute Care, 2006) recommend the
implementation of nutrition screening protocol for every patient admitted to the
hospital. Nevertheless, many cases of undernutrition are unrecognised resulting from
the absence of such a protocol in hospital (Elia et al., 2005, Kruizenga et al., 2005b), or
because of a lack of compliance of routine nutrition screening (Raja et al., 2008). Since
physicians and nursing staff examine patients on admission to hospital, Green and
Watson (2005) suggested that physicians and nursing staff are in an ideal situation to
conduct nutrition screening. Subsequently, this newly developed and validated R-NST
was trialled as a nutrition screening protocol to be administered by the nursing staff on
the ward level for nine weeks. The research assistants were also performing the
screening independently of the staff during this period, to act as a control.

Of the 84 participants who were screened by the research assistants in this period, only
22.6% were also screened by the nursing staff. This is comparable with the findings from
the retrospective review, in which 24.3% of the 74 renal patients were identified by the
nursing staff as at risk of undernutrition. The rate of compliance for nursing staff to
screen every patient on admission varies from one hospital to another. Raja et al. (2008)
found that the screening compliance ranged from 2% to 61% in three Melbourne
hospitals in Australia. Porter et al. (2009) also reported low rates of compliance in two
hospital wards as 17% and 62% in a survey of 46 admitted patients in Australia. This
indicates that the compliance rate in the present study is at the lower end of the range.
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The low compliance rate also suggests that implementation of a nutrition screening tool
within patient admission procedures does not automatically translate into nursing
practice. However, these data do not provide explanations for compliance or
noncompliance. Hence, a nurses’ survey was administered following the trial to
investigate any barriers to the use of the R-NST as a screening practice in this research
study. The main barriers reflected from the survey were their perceived workload
pressures and the importance of nurses’ education about malnutrition and nutrition
screening. Porter et al. (2009) also discovered that the use of MUST by the nursing staff
was limited by task priorities and their self-perceptions of skill, and uncertainty about
screening protocols. Therefore, factors that limit the time nursing staff give to
completing the screening may include competing patient care tasks, nurses’ skill in use
of the tool and acceptance of evidence-based practice (Porter et al., 2009, Raja et al.,
2008). Furthermore, 36.8% of the R-NSTs were accurately completed by the nursing staff
when compared to the ones completed by the research assistants. This indicates that
there was a large gap between the quality of screening performed by the nursing staff
and the research assistants representing the correct procedure of using the R-NST.
Although the initial training on using the R-NST was provided to the nursing staff, the
low accuracy on completing the R-NST implies that ongoing training and support are
required and may promote screening compliance.

Since knowledge and skills were two of 12 key domains identified as enabling behaviour
change in implementing evidence-based practice (Michie et al., 2005), nurse education
and staff support are demonstrated to have a positive impact on overcoming the
barriers to screen and subsequently to increase screening compliance (Raja et al., 2008,
Bailey, 2006). After providing nursing staff with screening education, informal support
and supervision as well as offering additional education sessions to charged nurses for
four months, the rates of compliance in screening in two wards had increased from 25%
and 61% to 46% and 70%, respectively (Raja et al., 2008). Bailey (2006) also reported
that the initial screening rate in a stroke ward (87%) soon after implementation of the
MUST was increased to 94% after refresher training sessions were provided. Thus,
offering education and support to nursing staff are imperative to the success of
implementing a nutrition screening tool as a standard ward practice.
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Chapter Six
6.

Conclusion

6.1

Research problem and aims of the research study

Individuals with renal failure are prone to undernutrition and the causes are often
multifactorial (Strejc, 2005, Dukkipati and Kopple, 2009, Kopple, 1999). Undernutrition is
a condition that can only be treated once it has been identified. Nutrition screening
tools have been showed to be more reliable than personal judgment in identifying
hospital patients at risk (Davis and Stables, 1996). Hence, nutrition screening on
admission plays a vital role in recognising patients at risk of undernutrition in hosptial.
However, only half malnourished hospital patients were identified by nursing and
medical staff in the absence of routine screening (Elia, 2003, Kruizenga et al., 2005b).
The implications of unrecognised and untreated undernutrition in hospital are
substantial, not only for patients’ quality of care but also from a cost perspective
(Tappenden et al., 2013).

Undernutrition in renal patients has been found to be significantly associated with
longer hospital stay and increased morbidity (Ikizler et al., 1999, Pupim et al., 2003,
Fiaccadori et al., 1999). However, there is currently no published nutrition screening tool
developed specific for renal patients in an acute care setting. Although there are two
existing rapid nutrition screening tools that have been investigated in this patient group,
they are shown to be insensitive at identifying those at risk of undernutrition (Lawson et
al., 2011). Therefore, the aim of this research study was to develop and validate a rapid
nutrition screening tool that is sensitive and specific to recognise renal patients at risk of
undernutrition in the acute care setting. The researchers also evaluated the feasibility of
the newly developed Renal Nutrition Screening Tool (R-NST) as a routine nutrition
screening protocol performed by nursing staff on an acute renal ward.
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6.2

The main findings of the research study

The results of this research study indicates that the prevalence of undernutrition (63.9%)
on the acute renal ward in MM Hosp was twice as high as the average prevalence of 32%
reported in New Zealand (Agarwal et al., 2012a) and worldwide (Barker et al., 2011,
Bistrian et al., 1974, Christensen and Gstundtner, 1985, Somanchi et al., 2011) .

Since the primary objectives of this research study were to develop and validate a
nutrition screening tool aimed at identifying adult renal inpatients at risk of
undernutrition, the nine-question R-NST was therefore designed to screen renal
inpatients at risk of undernutrition in three simple steps. It was also designed to
recognise renal inpatients requiring dietetic intervention due to their renal conditions.
Furthermore, this research study has shown that the R-NST has excellent criterion
validity (sensitivity = 97.3%, specificity = 74.4%, positive predictive value (PPV) = 88.0%,
negative predictive value (NPV) = 93.6%), when compared with a comprehensive
nutritional assessment tool, the SGA. This suggests that the R-NST is an effective tool at
identifying renal patients at risk of undernutrition in the acute setting. Although there
was no significant correlation found between the R-NST and the average of HGS among
this patient group, the average HGS was significantly lower in malnourished participants
who are either male or under 65 years of age as opposed to the well nourished ones.

The feasibility of the R-NST as a standard practice by the nursing staff on the acute renal
ward in Middlemore hospital (MM Hosp) was explored by the researchers as a
secondary objective. However, the rate of compliance in nutrition screening using the RNST by the nursing staff on the ward level was lower. Hence, the feasibility of using the
R-NST as a standard nutrition screening on the ward level was unable to be fully
investigated. Future studies might explore innovative yet effective ways to increase
screening compliance such as additional education and ongoing support to the nursing
staff.

98

In summary, this research study has achieved the aim of developing and validating a
nutrition screening tool that is sensitive and specific to recognise renal inpatients at risk
of undernutrition in the acute renal wards.

6.3

Strengths

This is the first study to develop a new and rapid nutrition screening tool that can be
administered by the nursing staff or other healthcare professionals on acute renal
wards. This newly developed R-NST can not only detect renal inpatients requiring
dietetic input due to their renal conditions, but also identify those that are at risk of
undernutrition. Although there has been a nurse-performed nutrition screening tool
developed for outpatients undergoing maintenance haemodialysis to identify the needs
of dietetic input because of their renal conditions, this screening tool was not
constructed to recognise patients at risk of undernutrition (Bennett et al., 2006). When
Lawson and colleagues (2011) compared the ability of two rapid screening tools, the
MUST and MST at identifying renal inpatients at risk of undernutrition against the
comprehensive nutrition assessment tool, the SGA, these two rapid screening tools were
found to be ineffective in this patient group. In contrast, the R-NST was demonstrated to
be significantly associated with the SGA and produced excellent ability to differentiate
renal inpatients who are at risk of undernutrition from those being well nourished.

Another key strength of this research study is that the research assistants performing
the R-NST were blinded to the alternative measures of the SGA and HGS and visa versa,
thereby reducing the influence of bias in this study. The R-NST has also been trialled by
the nursing staff on the ward level to investigate the feasibility of using it as a standard
nutrition screening protocol. We believe the results observed from this part of the
research study reflect a great likelihood of representing true practice of nutrition
screening on the ward level.

In addition, this research study is the first study to provide a snapshot of undernutrition
prevalence among renal patients from the acute renal ward setting in New Zealand
hospitals. It provides significant evidence indicating that the prevalence of
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undernutrition in this patient group is particularly higher compared to other patient
groups in the acute care setting.

6.4

Limitations

The process of selecting a nutrition assessment tool as the reference method to validate
the R-NST is challenging since there is no gold standard for assessing nutritional status
(Watterson et al., 2009). The SGA is a valid and reliable tool for use in the renal patients
and has good intra- and inter-individual reliability (Churchill et al., 1996, Jones et al.,
2004, Steiber et al., 2007, Visser et al., 1999). Although the ICD-10-AM definition of
undernutrition uses BMI < 18.5 kg/m2 or presence of at least 5% weight loss, decreased
intake and presence of subcutaneous fat loss and/or muscle wasting, these risk variables
are already the components of the SGA. (World Health Organization, 2010, Detsky et al.,
1987). Therefore it was selected as the reference method of choice for the present
research study. However, the evidence on the validity of the SGA at evaluating the
nutritional status of New Zealand Māori and Pacific Island peoples is lacking, especially
since 68% of the participants in this research study were from Māori and Pacific Island
people decent. This may subsequently affect the validity of the R-NST particularly with
the lower specificity calculated when comparing to the SGA.

The low completion rate of the R-NST by the nursing staff hindered the researchers to
further investigate the feasibility of using it as a routine nutrition screening tool. It
reflects the necessity of offering sufficient education and ongoing support for the
nursing staff to ensure the compliance on the ward level. Nevertheless, any ward staff
(e.g. the health care assistant, allied health assistant or ward clerk) should be able to
conduct the routine nutrition screening by using the R-NST. This is because of the unique
design of the R-NST so long as the training given is standardised and adequate.
Therefore, these alternative ways to implement the R-NST as a routine nutrition
screening protocol may enhance the compliance rate of nutrition screening on the ward
level.

100

This weak association between the HGS and nutritional status may firstly be influenced
by the type of patients this research study was aiming for, which was a mixture of renal
inpatients with various degrees of disease state. Having a heterogeneous sample group
of both predialysis and maintenance dialysis patients is likely to attenuate the diagnostic
performance of HGS on nutritional status. Secondly, while the analysis accounts for age
and sex, it does not account for anthropometric factors, such as height (Balogun et al.,
1991, Hanten et al., 1999, Desrosiers et al., 1995, Peolsson et al., 2001) weight (Balogun
et al., 1991, Hanten et al., 1999) or hand size (Desrosiers et al., 1995), which have been
found to affect HGS. Thirdly, the reference values for the HGS was developed based on a
reference population that was from individuals who did manual labour as a job (Gore
and Edwards, 1992). Since the circumstances of manual labourers and acutely ill patients
are vastly different, the actual HGS values of the study population were likely to be
underestimated. Therefore, further research should be conducted to investigate the
effectiveness of using HGS as an early screening tool for undernutrition among renal
inpatients.

6.5

Use of the findings of this research study

With the high prevalence of undernutrition observed on the acute renal ward, the need
of implementing a nutrition screening tool that is specific to the renal inpatients has
never been higher. This newly developed R-NST is the first nutrition screening tool to
show great ability at detecting undernutrition in this patient group and setting. It can
also identify renal inpatients in need of dietetic intervention due to their renal
conditions. In addition, the three-step design allows the tool to be completed by any
healthcare professionals on the ward in a timely manner. Thus, it is highly beneficial to
incorporate the R-NST as a routine nutrition screening protocol on all acute renal wards
to identify not only patients at risk of undernutrition but also those requiring dietetic
input because of their renal problems. The findings from this research study also
increase value for publication.
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6.6
x

Recommendations
Although the R-NST has shown excellent PPV and NPV for undernutrition risk among
renal acute patients, future studies with a larger sample size is needed to ensure
precision of these results.

x

Future studies should compare the diagnostic performance of the R-NST and GNRI in
the renal inpatients using the same reference method.

x

The validity of the SGA at evaluating the nutritional status of Māori and Pacific Island
peoples requires further investigation. This is particularly important for New Zealand
where significant diet related morbidity and mortality disparities persist among
Māori and Pacific Island peoples (Ministry of Health, 2012).

x

Further examine the association between HGS and nutritional status among this
patient group prior to using HSG as an early indicator of undernutrition.

x

Further investigation on how to increase the rate of compliance in nutrition
screening among nursing staff in the light of the findings from this research study
and other current literature. It may be worthwhile to examine the effectiveness of
offering ongoing training and support to the nursing staff to increase screening
compliance.

x

Since the R-NST can be administered by any trained ward staff, it would be
worthwhile to explore any alternative ways to conduct routine nutrition screening
on the ward levels to ensure that it is implemented with all patients as they are
admitted.
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Appendix A:

Participant Information Sheet

Participant Information Sheet
Study title:

Can the use of a rapid nutrition screening tool facilitate timely dietetic referrals on the
acute renal wards? – A validation study

Locality:

Ward 1, Middlemore Hospital, Manukau,

Ethics committee

Auckland, New Zealand

ref.:

Andrew Xia, Dr Rozanne Kruger, Alayne Healy

Contact phone

Lead investigator:

13/NTA/1

+64 21 88 77 30

number:

Request for interpreter (Please circle one)
Maaori

E hiahia ana ahau ki tetahi kaiwhaka Maaori/kaiwhaka pakeha korero

Ae Kao

Cook Island
Maaori

Ka inangaro au i tetai tangata uri reo

Ae Kare

Fijian

Au gadreva me dua e vakadewa vosa vei au

Io

Sega

Niuean

Fia manako au ke fakaaoga e taha tagata fakahokohoko kupu

E

Nakai

Sāmoan

Ou te mana’o ia i ai se fa’amatala upu

Ioe Leai

Tokelaun

Ko au e fofou ki he tino ke fakaliliu te gagana Peletania ki na gagana o na
motu o te Pahefika

Ioe Leai

Tongan

Oku ou fiema’u ha fakatonulea

Io

Deaf

I wish to have a NZ sign language interpreter

Yes No

Ikai

You are invited to take part in a research study about more efficient nutrition screening or
patients admitted in the acute renal ward to identify any nutritional problems patients
may have as soon as possible. Participation is entirely voluntary. If you choose not to
take part, it will not affect the care you receive. You can withdraw from the study at
anytime, even if you decide to participate now. This information sheet will provide
information about this research study to help you decide if you’d like to participate. The
researchers of this study will go through this information with you and answer any
questions you may have. This is expected to take approximately 15 minutes. You may
also want to talk about the study with other people, such as family, whaanau, friends, or
healthcare providers. Feel free to do this.
If you agree to take part in this study, you will be asked to sign the Consent Form on the
last page of this document. You will be given a copy of the Participant Information Sheet
to keep.
Why are we doing the study?
When people do not feel like eating and drinking for more than a week, their body will not
get enough nutrients and energy to function properly. This is called malnutrition and
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common in people with kidney disease. If patients are malnourished they may have to
stay in the hospital for longer, have more complications, and if not treated, it could be
very dangerous.
We would like to test a screening tool that will help us identify this condition very early in
all kidney patients. If we can identify patients early and refer them to the dietitians to treat
their malnutrition, this will help patients to recover quicker.
What would your participation involve?
If you decide to take part in this study, you will be given the opportunity to ask any
questions. You will be then requested to sign a consent form for taking part in the study.
And for the permission to access your personal details (e.g. contact details, etc) and
health information. These records will be treated as strictly confidential. Your health
information includes your medical history and records, current conditions, medication
chart and blood test results.
A full set of nutritional assessments will then be carried out to determine your current
nutritional status. Nutritional assessments are routine evaluations performed by dietitians
at the beginning of a new consultation. For this study this will involve:
x Measuring your body weight and height using an electronic scale and
stadiometer;
x Asking about any changes in your eating habits during the past month compared
to other times when you are not sick;
x Asking about:
o any symptoms that may have kept you from eating as usual during the
past two weeks;
o your physical activity over the past month;
x Physical examination to check for signs and symptoms of malnutrition.
o It involves the researcher / dietitian touching your shoulders, limbs and
ankles, involving small movements only.
x Measuring your hand-grip strength using a dynamometer.
o This is a quick and easy way of testing your muscle strength. The
assessment requires you to be in a standing position. And squeeze the
dynamometer as hard as possible. Only squeeze once for each
measurement; two measurements are needed each for the left and right
hands. There will be a pause of about 10-20 seconds between each
measurement to avoid your hands getting tired.
The nutritional assessments will only take about 30 minutes. There will not be any further
assessments required in this study.
What are the possible benefits and risks to you of participating?
Most of these assessments form part of your normal care in the hospital and will not
involve any additional cost to you. You will receive a brief report summarising the main
findings of the project via mail or email at completion of the study.
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By participating in this research study, you will contribute to the development of a
nutrition screening tool to improve health care services, which will ultimately be beneficial
for kidney patients who are in need.
There are no personal risks to your health, and the screening / nutritional assessments
could potentially identify undiagnosed nutrition problems early. A researcher / dietitian
will review your assessment results. If they find that your results are outside normal
parameters, a referral will be generated and sent to the Nutrition and Dietetic Services
for your treatment. The referral will be prioritised and you will be seen by a Registered
Dietitian within 48 hours upon receiving the referral.
The time that you will have to invest in this research study is a maximum of 45 minutes
total of your time.
What would happen if you were injured in the study?
If you were injured in this study, which is highly unlikely, you would be eligible for
compensation from ACC just as you would be if you were injured in an accident at work
or at home.
If you have private health or life insurance, you may wish to check with your insurer that
taking part in this study won’t affect your cover.
What are the rights of participants in the study?
You are under no obligation to accept this invitation. If you decide to participate, you
have the right to:
x decline to answer any particular question;
x withdraw from the study at any time and ask any questions about the study at any
time;
x provide information on the understanding that your name will never be used;
x be given access to a summary of the project findings when it is completed.
What will happen after the study ends, or if you pull out?
The data will be used only for the purposes of this study. Only the investigators of the
study (Andrew Xia, Rozanne Kruger and Alayne Healy) will have access to personal
information. This will be held securely and treated strictly confidentially. Participants will
be identified only by a study identification number. Results of this project may be
published or presented at conferences or seminars. No individual will be able to be
identified.
At the end of this study the list of participants and their study identification number will be
disposed of. Any raw data that the study depends on will be retained in secure storage
for 10 years, it will be destroyed afterward.
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A summary of the study findings will be available to all participants. It will be sent via
email or a personal letter at the completion of the study.
Ethical Approval
This study has been reviewed and approved by the Health and Disability Ethics
Committee: Northern A, Application 13/NTA/1. If you have any concerns about the
conduct of this research, please contact Dr Brian Fergus, Chairperson, Northern A
Health and Disability Ethics Committee, telephone: 0800 4 ETHICS, email:
hdecs@moh.govt.nz.
Where can you go for more information about the study, or to raise concerns or
complaints?
If you have any questions, concerns or complaints about the study at any stage, you can
contact:
Andrew Xia
Phone: 021 887 730
Email: y.xia@massey.ac.nz
Dr Rozanne Kruger
Senior lecturer, Institute of Food Nutrition and Human Health, Massey University
Phone: (09) 414 0800 ext 41209
Email: r.kruger@massey.ac.nz
Alayne Healy
Section Head Outpatient Dietitians, Acute Allied Health, Counties Manukau District
Health Board
Phone: (09) 2760044 ext 8788
Email: Alayne.healy@middlemore.co.nz
If you want to talk to someone who isn’t involved with the study, you can contact an
independent health and disability advocate on:
Phone:
Fax:
Email:

0800 555 050
0800 2 SUPPORT (0800 2787 7678)
advocacy@hdc.org.nz

You can also contact the health and disability ethics committee (HDEC) that approved
this study on:
Phone:
Email:

0800 4 ETHICS
hdecs@moh.govt.nz
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Appendix B:

Consent Form

Consent Form
Declaration by participant:
I have read, or have had read to me in my first language, and I understand the
Participant Information Sheet. I have had the opportunity to ask questions and I am
satisfied with the answers I have received.
I freely agree to participate in this study.
I have been given a copy of the Participant Information Sheet to keep.
Participant’s name:
Signature:

Date:

Declaration by member of research team:
I have given a verbal explanation of the research project to the participant, and have
answered the participant’s questions about it.
I believe that the participant understands the study and has given informed consent to
participate.
Researcher’s name:
Signature:

Date:
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Appendix C:

Acute Renal Ward Nutrition Screening Form

135

Appendix D:

Seven-Point Subjective Global Assessment Rating Form

136

Appendix E:

Reference range for the grading of handgrip strength
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Appendix F:

Acute Adult Dietitian Referral Form
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