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ABSTRACT

Background: Better tools are needed to diagnose and identify children at risk of clinical

malnutrition.

Objectives: To compare body composition (BC) and malnutrition screening tools
(MSTSs) for detecting malnutrition on admission; and examine their ability to predict
adverse clinical outcomes (increased length of stay (LOS) and complications) in

complex pediatric patients.

Design: Prospective study in children 5-18yrs admitted to a tertiary pediatric hospital
(n=152). MSTs (Pediatric Yorkhill Malnutrition Score (PYMS), Screening Tool for the
Assessment of Malnutrition in Pediatrics (STAMP) and Screening Tool for Risk of
Impaired Nutritional Status and Growth (STRONGKkids)) were completed on admission.
Weight, height and BC (fat mass (FM) and lean mass (LM) by Dual Energy X-ray
absorptiometry) were measured (n=118). Anthropometry/BC and MSTs were compared

to each other and to clinical outcomes.

Results: Subjects were significantly shorter with low LM compared to reference data. 3-
17% were classified as malnourished, depending on diagnostic criteria used. Agreement
between BC/anthropometric parameters and MSTs was poor. STAMP and STRONGkids
identified children with low weight, LM and height. PYMS and, to a lesser degree
STRONGKids, identified children with increased LOS, as did LM compared to weight or
height. Patients with complications had lower mean LM standard deviation scores (-1.38
(1.03) vs -0.74 (1.04), p<0.05). In multivariable models, PYMS high-risk and low LM

were independent predictors of increased LOS (odds ratio (OR) 3.76, 95% Confidence



Interval (Cl): 1.36,10.35; OR 3.69, CI: 1.24,10.98 respectively). Body Mass Index (BMI)

did not predict increased LOS or complications.

Conclusions: LM appears better than weight and height for predicting adverse clinical
outcomes in this population. BMI was a poor diagnostic parameter. MSTs performed
differently in associations to BC/anthropometry and clinical outcomes. PYMS and LM
provided complementary information regarding LOS. Studies on specific patient

populations may further clarify the use of these tools and measurements.

Keywords: malnutrition, nutritional risk, screening, body composition, pediatric patients,

clinical outcomes.



INTRODUCTION

Malnutrition affects around 1 in 3 hospitalized children (1-5) and is associated with
adverse clinical outcomes and detrimental long-term effects on growth and development
(4-7). Children with moderate and severe clinical malnutrition stay in hospital around 1.3
and 1.6 days longer, respectively, than well-nourished children (3), and have higher
rates of infection, poor wound healing, immune dysfunction and higher mortality (8—10).
This translates into a substantial financial healthcare burden (11-13). Despite
awareness of these issues, malnutrition is often unrecognized (3,7,14), and its
prevalence has not decreased over time, leading to a renewed interest in improving

identification and management (4,15,16).

Both nutritional assessment and malnutrition screening have been proposed as
complementary methods to reduce the prevalence of clinical malnutrition (17).

Nutritional assessment is aimed at diagnosing patients with malnutrition, whereas
screening additionally aims to identify children who may develop malnutrition during their
hospital stay and who might benefit from early nutritional intervention (18,19). Guidelines
in several countries suggest that children should be screened for malnutrition on
admission (4,20,21), thus facilitating timely referral for nutritional assessment and
intervention (3,17). However, whilst nutrition screening has been shown to prevent
deterioration in nutritional status and improve the health and clinical outcomes of adult
patients (22,23), this is not the case in children. Although there are now pediatric
malnutrition screening tools, there is currently no consensus on which tool should be
used to screen children on admission (19,21,24). This is compounded by the fact that, in

the absence of an agreed gold standard to define malnutrition or malnutrition risk in



pediatric patients (4,16,21,25), different approaches have been used to ‘validate’
pediatric screening tools (23,26,27). Furthermore, whilst children classified as high risk
by screening tools have been shown to have a longer hospital stay (28,29), there are no

data on the predictive value of screening tools for other clinical outcomes.

Recent statements have also advocated the use of body composition (BC; fat mass
(FM) and lean mass (LM) measurements) in addition to traditional anthropometric
measurements of weight and height as diagnostic parameters for malnutrition (16,30).
FM and LM might also contribute to clinical management, since they may differentially
influence body function, nutritional requirements, response to treatment, and recovery
(30-34). Preliminary results in adults (35) support the use of LM for predicting clinical
outcomes. However, there is currently limited evidence that these measurements have
an advantage over simple anthropometry, or that they can predict clinical outcomes in
children (36—38). The aims of this study were therefore (i) to evaluate and compare BC
measurements and malnutrition screening tools for the detection of clinical malnutrition
and risk on admission; and (ii) to examine the predictive value of these measurements
for adverse clinical outcomes in children with a range of chronic and complex underlying

conditions.

SUBJECTS AND METHODS

Study design and subjects

This prospective cohort study enrolled patients admitted to Great Ormond Street
Hospital for children NHS Foundation Trust, a tertiary children’s hospital in London,
United Kingdom (UK) from September 2013 to March 2015. Children aged 5-18 yrs

newly admitted to any medical or surgical ward with an expected length of stay of =23



days were eligible. The target age range reflected that of the UK BC reference data (39).
Anthropometry and BC measurements were obtained at baseline, within 48hr of
admission, and before any major medical or surgical procedure had taken place.
Patients attending outpatient clinics, day-care units, or hospital transfers to intensive
care units (ICU) were excluded. By design, the study recruited children with a wide
range of diagnoses, given the limited evidence available on the use of these

measurements in different patient populations.

For planned admissions, study information leaflets were sent in advance or the family
was met in pre-assessment clinics. The family was then approached following admission
to confirm if they wished to participate. Eligible children with unplanned admissions were
identified from medical handover meetings and daily ward visits and given the study
information leaflet. Parents and patients >16yrs provided written informed consent, and
verbal assent was taken from children <12yrs, while children 12-16yrs signed an assent
form. Ethical approval was granted by the National Research Ethics Service Committee

London-Central.

Sample size calculation was not possible due to the lack of previous data on the
associations between baseline BC and clinical outcomes in pediatric patients. Previous
data on the number of hospital admissions and nutritional status in the patient
population (41) suggested approximately 30% would be classified as high-risk by the
screening tools. We set a target of 150 patients to be recruited in the available 18-month

study period.

Data collection
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Data were collected by three trained researchers (NL-P, JW, SM) using standard
protocols. Hospital scales and stadiometers were audited to ensure adequate

maintenance and calibration.

Dual-energy X-ray absorptiometry (DXA) was used as the clinical reference method to
assess BC, based on previous studies comparing this to the ‘gold-standard’ in vivo 4-
compartment model, which is unfeasible in routine clinical practice (42). Bone mineral
content (BMC), FM and lean tissue mass (LTM; non-bone lean mass) were determined
using a Lunar Prodigy DXA scanner (GE Medical Systems, USA; Lunar encore software
version 6.7) on admission. Patients wore light indoor clothing with no removable metal
objects. Scans were performed with the patient lying supine and took approximately 5
minutes, depending on the patient’s height. Scans were only performed if the child could
attend the Radiology department, lie still for the required amount of time and had no
metal implants. LM was calculated as LTM + BMC. Age- and sex-specific standard
deviation scores (SDS) for LM and FM were calculated using UK BC reference data

(39).

Weight was measured to the nearest 0.01 kg using a standing, sitting or hoist electronic
scale (Seca, Germany). Children were measured in light clothes whenever possible and
asked to remove their shoes. Height was measured to the nearest 0.1 cm using a wall-
mounted digital display stadiometer (Seca, Germany), Harpenden wall-mounted
stadiometer (Holtain, UK) or a portable mechanical stadiometer (Seca, Germany).
Children removed their shoes and stood with their back to the stadiometer, with their
head in the Frankfurt horizontal plane. Children unable to stand for measurement of

height were excluded from this analysis. Weight and height measurements were taken
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in duplicate, and the mean used in the data analysis. Body Mass Index (BMI) was
calculated from mean weight and height measurements for each subject. SDS for

weight, height and BMI were calculated using UK 1990 reference data (43,44).

SDS for BC and anthropometric variables were calculated in Microsoft Excel, using the
LMS Growth add-in (LMS Chart Maker, Medical Research Council, UK). BC values were
analyzed both as continuous variables and as categorical variables using cut-offs of
22SDS and =-2SDS to indicate ‘abnormal’ BC as with weight and height, since these are
commonly used in clinical practice. Thus, weight, height, LM and FM of <-2SDS were

defined in this study as diagnostic parameters for ‘malnutrition’.

Three malnutrition screening tools were applied on admission by the same investigator
in the same order: 1) Pediatric Yorkhill Malnutrition Score (PYMS) (40); 2) Screening
Tool for the Assessment of Malnutrition in Pediatrics (STAMP) (45); 3) Screening Tool
for Risk of Impaired Nutritional Status and Growth (STRONGKids) (29). These tools
included questions related to the child’s nutritional intake, current nutritional status,
increased losses and/or requirements, and risk associated with the underlying disease.

Scores were used to categorize patients as low, medium or high-risk.

Data from the screening tools were analyzed as categorical variables (low-risk, medium-
risk and high-risk) and as binary outcomes (high-risk and low-risk/medium-risk) which
compares those children who in clinical practice would be referred for dietetic

assessment with those who would not.

Baseline data on demographic factors, clinical condition and nutrition were collected,

including information on age, sex, reason for admission and diagnoses. Considering the
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heterogeneity of patient diagnoses, patients were re-categorized into ‘medical or
surgical’ groups and this variable was used in the statistical analysis. The patients
and/or parents were also asked about steroid medication prescription (not including
inhaled or topical steroids) in the last 6 months, whether they had fluid or dietetic intake
restrictions due to an underlying medical condition, whether a dietitian had been
involved in their care, if they were receiving any form of artificial feeding (full or partial
enteral nutrition (EN)/parenteral nutrition (PN)), and whether they were ambulatory or

non-ambulatory/predominant wheelchair users.

Clinical outcomes

Clinical outcome variables were length of stay and in-patient complications. These were
chosen, rather than more disease-specific clinical outcomes, because of the
heterogeneity of study participants, as they could be obtained from all patients. Absolute
length of stay was expected to be highly variable, so the actual number of days spent in
hospital was compared to the predicted length of stay on admission, based on the
judgement of the clinical team. This allowed length of stay to be analyzed as a binary
variable, ‘Increased length of stay’ (yes/no), where those classified as ‘yes’ had a longer
length of stay than predicted but also greater than the median (9 days), to ensure the
identification of children who stayed longer for medical rather than administrative

reasons which typically resulted in a delay of 1-2 days.

A patient was considered to have experienced ‘complications’ during their stay if they
had any of the following: 1) transfer to the ICU or to their local hospital rather than

discharge home; 2) unplanned increased reliance on artificial nutrition (enteral and/or
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parenteral nutrition) during their stay; 3) reported periods of fever or infection treated

with antibiotics.

Statistical analysis

Statistical analysis was performed using SPSS v21.0 (SPSS Inc., US).

Agreement between the different diagnostic parameters and between the different
screening tools was assessed using Cohen’s kappa (k). The association between
nutrition risk categories and diagnostic parameters SDS was determined using one-way
ANOVAs and Bonferroni post-hoc testing. The agreement between low SDS for the
diagnostic parameters and high risk classification was assessed using k, % sensitivity
and specificity (46).The associations between baseline anthropometry, BC and
screening tools and later clinical outcomes were assessed using univariate analysis
(independent samples t-tests and chi-squared tests) and logistic regression models.
These parameters were entered in the models both independently and in combination;
adjusting for sex (‘male’ or ‘female’), age, admission group (‘medical’ or ‘surgical’) and
other confounding variables related to the clinical condition and nutrition of the patients:
steroid medication use, fluid restrictions, dietary restrictions, prior dietetic
advice/management, on EN/PN feeds, non-ambulatory/predominantly wheelchair users

(‘'yes’ or ‘no’).

RESULTS

Patient characteristics

Two hundred and fifty-seven patients were given study information leaflets, of which 58

declined to take part, and 47 agreed but could not be measured due to lack of time or



14

scheduling of surgical procedures (Figure 1). A total of 152 patients (50% male) aged 5
to 18 years (mean 10.7 + 3.6) were enrolled (48.7% medical, 51.3% surgical). Figure 2
shows the main diagnoses and the reason for admission of recruited patients; 50% had
more than one diagnosis, with 26 patients classified as having 3 or more underlying

diagnoses.

Table 1 details subject characteristics at baseline. At the time of admission, 56% of
patients had received prior dietetic advice, 34% were following dietary restrictions
(limiting food groups due to allergy or other medical conditions), and 19% were receiving
some form of EN/PN feeding. Additionally, 11% of study participants were wheelchair-
users (82% completely non-ambulatory), 9% of patients were receiving oral steroid

medication, and 13% were fluid restricted.

The median length of stay was 9 days (Inter-quartile range (IQR) 4-15 days), compared
to a median predicted length of stay of 8 days (IQR 5-14 days), with 35 patients (23%)
classified as having an ‘increased length of stay’. ‘Complications’ occurred in 21.7% of
patients. These included increased and/or unplanned use of artificial nutrition during
hospitalization in 20 (9 temporary, 11 ongoing at the time of discharge), transfer to
another ward or discharge to their local hospital for ongoing management in 13, and
‘other complications’ including periods of infection requiring antibiotic use, poor wound

healing, and the need for reoperation due to wound infection in 9.

Anthropometry and body composition on admission

118 children had a complete set of measurements for weight, height, and BC using

DXA. In the remaining 34 patients, one or more of the measurements were either not
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obtained or were considered to be of sub-optimal quality. The reasons were scheduling
issues, or the patient’s underlying medical condition precluding the measurements.
Three of 17 predominantly wheelchair-users were able to stand long enough to take

height measurements.

Participants were on average significantly shorter and had lower LM SDS than the
population reference, with SDS<-2 for height in 13.6% and for LM in 16.9% (Table 1).
Mean weight, BMI and FM SDS were not significantly different from zero, but 8.5% were
underweight (£-2SDS) and 6.8% overweight (22SDS), whilst 5.9% had low FM SDS and
5.1% high FM SDS. 4.2% of patients had low BMI SDS, and 11.8% had high BMI SDS.
Thus, using a cut-off of £-2SDS, between 4.2-16.9% of patients were classified as

having ‘malnutrition’ on admission depending on the parameter used.

Agreement between parameters was poor (Supplementary Table 1), with the best
(moderate, k=0.61) agreement between height and LM. Using low height as a diagnostic
parameter for malnutrition missed around 40% of patients with low LM. Conversely, low
weight missed 55% of patients with low LM, showing a weak agreement (k=0.55).
Agreement between BMI and other parameters was poor (k=0.26 to 0.40, compared to
height and weight respectively). Most children were classified with a ‘normal’ BMI,
explained by the fact that 90% of patients with low weight also had low height. Using low
BMI as a diagnostic parameter missed 81.3% of children with low height, 70% with low

weight, 80% with low LM, and 71.4% with low FM.

Multivariable analysis of the factors predicting the baseline diagnostic parameters

indicated patients who were on a restricted diet due to an underlying condition, had
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lower height, weight and FM SDS (Supplementary Table 2). Artificial feeding (EN/PN)

predicted lower LM SDS.

Malnutrition risk scores on admission

The percentage of patients classified as high-risk was 25.0% using PYMS, 35.5% with
STAMP, and 18.4% with STRONGkids (Table 1). The distribution of risk also differed,
with most patients being classified as low-risk using PYMS, but medium-risk using
STAMP and STRONGKkids. Only 10.5% of patients were classified as high-risk by all
tools, and only 1 in 3 patients were classified in the same risk category by all three
screening tools, increasing to 2 in 3 patients when low-risk and medium-risk were
combined. The best absolute agreement was found between STRONGkids and PYMS
(82.9%), followed by STAMP with PYMS (73.7%) and STRONGKkids (73.7%)
(Supplementary Table 3), but agreement was overall weak to minimal. Further details
of the differences between screening tools are given in Supplementary Table 4, which
shows the scoring per assessment item in each tool. Most differences were observed in

Item 1 (assessment of current nutritional status) and Item 4 (underlying disease).

Relationship of anthropometry and body composition to malnutrition risk scores

Mean height SDS was significantly different between risk categories using both STAMP
and STRONGKkids (Figure 3A), with lower height SDS in the high-risk group compared to
low-risk and medium-risk groups. Conversely, there was no significant difference in height

SDS between PYMS risk groups.

The mean LM SDS for high-risk groups from all three screening tools was lower than for

low-risk and medium-risk groups (Figure 3C). For STRONGKkids, there was furthermore a
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significant difference in the mean LM SDS between all three risk categories. For weight,
the STRONGKkids high-risk category had significantly lower mean SDS compared to
medium-risk and low-risk categories (Figure 3B). PYMS high-risk patients also had
significantly lower weight SDS compared to medium-risk patients but not significantly
different to low-risk patients. Mean FM SDS (Figure 3D) showed a similar distribution to
that observed for mean weight SDS, but STRONGkids was the only tool to show significant

differences between groups.

Agreement was further assessed by comparing the proportion of patients classified as
high-risk and low/medium-risk by each tool and the proportion with low weight, height,
LM and FM (=£-2SDS) (Supplementary Table 5). All screening tools showed better
agreement with LM, height, and weight than with FM. The results suggested that
STAMP, followed by STRONGkids, was better able to identify children with low weight,
height, and LM SDS on admission (70%, 75%, 70% respectively for STAMP; 50%,
37.5%, 35% respectively for STRONGKkids); whilst all tools displayed a low sensitivity for

identifying children with low FM SDS.

Prediction of clinical outcomes by baseline anthropometry and body composition

Mean SDS for height, LM, and to a lesser extent weight, were significantly lower in
patients who had an increased length of stay compared to those who did not (Table 2).
Patients who had low height, LM and weight (£-2SDS) were 4-4.5 times more likely to
have an increased length of stay, even after adjusting for age, sex, admission group and
other confounding variables (Table 3), whilst those with low FM SDS were 6 times more

likely to have an increased length of stay but with a wider confidence interval (odds ratio
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(OR) 6.07 95% Confidence Interval (Cl): 1.26, 29.2). The most significant associations
were observed for LM and height, followed by weight and FM. BMI was not a significant

predictor of length of stay.

Including ‘Low LM SDS’ and ‘Low FM SDS’ together in the model increased the R2?, with
the model now explaining 13% of the variance in the outcome of increased length of stay
(10% and 6% for LM and FM respectively when entered as individual predictor
variables). However, ‘Low FM SDS’ was no longer significant in the model. Weight was
not a significant predictor after including any of the other parameters in the model, and

height was also non-significant when LM was included.

For the outcome of in-patient complications, the mean LM SDS was significantly lower
(p=0.021) in those who presented with complications (-1.38 mean SDS, 0.23 standard
error, SE) compared to those who did not (-0.74 mean SDS, 0.14 SE), but other
diagnostic baseline parameters were not significantly different (Table 2). In logistic
regression analyses, none of the baseline anthropometric or BC measurements
expressed as ‘low’ versus ‘normal’, entered individually or in combination, significantly

predicted this outcome (Table 4).

Prediction of clinical outcomes by baseline malnutrition risk scores

Table 5 summarizes the associations between screening tool risk categories and
‘increased length of stay’ before and after adjusting for confounding variables. PYMS
and STRONGkids were significant predictors, with PYMS showing the best predictive
validity and explaining 9% (19% after adjustment for ‘prior dietetic advice’) of the

variance in the outcome. PYMS and STRONGkids high-risk patients were 3.6 times
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(95% CI: 1.6, 8.2) and 3.3 times (95% CI: 1.4, 8.0) more likely, respectively, to have an
increased length of stay compared to low-risk/medium-risk patients. STAMP was not a

significant predictor of increased length of stay.

PYMS also showed the most significant association with the outcome of ‘complications’
(Table 6). PYMS high-risk patients were 5.9 times more likely (95% CI: 2.6, 13.7) to
experience complications during their stay, while STRONGkids and STAMP high-risk
patients were 3.0 (95% CI: 1.2, 7.3) and 2.4 (95% CI: 1.1, 5.2) times more likely,

respectively.

PYMS had the best sensitivity and specificity (49% and 81% respectively) for an
increased length of stay. STRONGKkids and STAMP had a sensitivity of 46% and 34%,
and specificity of 68% and 86%, respectively. For the outcome of ‘complications’, PYMS
had a sensitivity of 55% and a specificity of 83%, while sensitivity and specificity for

STRONGKkids was 52% and 69% and for STAMP 33% and 86%.

Prediction of increased length of stay using a combination of physical variables

and malnutrition risk scores

A model including both PYMS (high-risk vs medium-risk/low-risk) and LM (low SDS
yes/no) explained 17.7% of the variance in the outcome. Patients categorized as high-
risk using PYMS were 3.76 times more likely (p=0.011, 95% CI: 1.36, 10.35) to have an
increased length of stay whilst, independently, those with a low LM SDS were 3.69 times

more likely (p=0.019, 95% CI: 1.24, 10.98) to present with this negative clinical outcome.

DISCUSSION
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The estimated prevalence of clinical malnutrition in children varies widely, depending on
patient population and diagnostic criteria (2). However, it has not decreased over time,
prompting renewed discussion over better ways to diagnose, treat and prevent it (47).
Diagnostic criteria for malnutrition in the community, based on weight and height
measurements, are well-established. However, clinical malnutrition involves different
factors and pathological mechanisms (48-50) and the optimal diagnostic parameters for

detection and prevention remain subject to debate (4,16).

Although recent international diagnostic guidelines suggest the potential use of BC
measurements in clinical settings (4,16), there is no clear evidence that these have an
advantage over weight and height measurements. Previous studies on BC in
hospitalized children have mostly focused on specific patient groups, using different BC
techniques, but were limited by a lack of reference data (51). However, reference data
for pediatric BC measured using several techniques are now available (39), so it is
possible to generate measurements of FM and LM standardized for age and sex, which

can be compared with standardized weight and height.

Using these measures, children in our study had significantly low mean height and LM,
with 13.6% and 16.9% respectively <-2SDS. The mean weight, BMI and FM in the study
sample was normal, but there was a large inter-individual variation, with both low and
high values observed. Overall, abnormal BC (low LM +/- low FM) was present in 20% of
our patients. These findings are not surprising given the heterogeneous population with
complex and often chronic conditions, and cannot be directly compared to other studies
of patients with a single disease, or from a general pediatric hospital setting. A previous

study in the same hospital population (41) reported a similar prevalence of
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undernutrition on admission (using weight-for-age) of 27%. It also highlighted the

complexity of these patients, with 25.4% having more than 6 medical diagnoses.

There was generally poor agreement between the different diagnostic parameters.
Using simple weight and height measurements would miss 40% and 55%, respectively,
of children with abnormal BC. BMI performed poorly, showing weak agreement with
other parameters and missing 70 to 81.3% of children classified with low weight, height
or abnormal BC. Weight was generally in agreement with FM, but did not always reflect

LM, as 50% of children with low LM would be missed using weight measurements alone.

Whilst anthropometry and BC measurements might detect current malnutrition, it is also
important to consider the risk of a child becoming malnourished as a result of their
disease or treatment (27). Paediatric screening tools are relatively new compared to
those for adults (22,29,40,45). Studies have typically compared them to each other, or to
various diagnostic criteria for malnutrition (27). Few studies have related them to clinical
outcomes (28,29,43,52). Similar to previous studies (27,28), the three screening tools
evaluated in our study differed significantly in the percentage of patients classified as
high-risk and in the distribution of low-risk/medium-risk, with only 10.5% of patients
being classified high-risk by all three. These findings are most likely explained by
differences in the criteria used by the tools, particularly how they assess current
nutritional status: BMI is used in PYMS, weight and height in STAMP, and subjective
assessment in STRONGKids. A large proportion of children with low weight in our study
also had low height, translating into a ‘normal’ BMI score which probably explains why

PYMS classified most patients as low-risk.
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There was weak agreement between patients classified as high-risk by all the screening
tools and those with a low weight, height, LM or FM. The strongest agreement and best
sensitivity for anthropometric and BC parameters was found for STAMP, followed by
STRONGKids then PYMS. However, it is important to recognize that perfect agreement
would not be expected, since screening tools are designed to identify children who may
be currently well-nourished but who are at risk of developing malnutrition during their

hospital stay, and not just those who are currently malnourished.

In order to determine the most appropriate parameter for diagnosing clinical malnutrition,
it is important to consider the extent to which each predicts clinical outcomes. We found
that low LM, height and weight on admission were associated with a 4-fold increase in
length of stay, even after adjusting for several confounding variables. The most
significant predictor of increased length of stay was LM, followed by height, weight and
finally FM. Importantly, BMI was not a significant predictor for clinical outcomes in our
study. When LM was combined in a model together with weight or height, the latter
became non-significant, suggesting LM may have an advantage over weight and height
for this outcome. However, none of the baseline measurements predicted complications
in our cohort, possibly due to the broad definition used for this outcome given the

heterogeneous population.

Regarding screening tools, our findings suggest that, at least in this population, it is not
possible to select a single screening tool which is both a good marker of current
malnutrition (criterion validity) and a predictor of clinical outcome (predictive validity).
STAMP seems best for the former, and PYMS for the latter. In our combined model,

PYMS high-risk and low LM were independent predictors of length of stay, suggesting
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these measures provide complementary information. In contrast, only PYMS high-risk
remained a significant predictor of complications, suggesting no additional advantage of

using BC measurements.

Strengths and limitations

Our study was the first to evaluate and compare both BC and screening tools for the
detection of clinical malnutrition in children with a range of chronic and complex
diseases. This was facilitated by the availability of UK BC reference data (39), allowing
us to generate standardized values for FM and LM analogous to those for weight and
height. Most importantly, we examined the predictive value of these measures for
clinical outcomes including complications which, to our knowledge, is novel. We almost
certainly did not include the sickest children since it would not have been possible to
obtain the measurements. We also had to exclude children under 5 years; the group
who have been shown to be at greatest risk of undernutrition (5,41). We cannot assume
that our findings could be generalized to other groups of patients who may be less sick.
Although we aimed to investigate different measurements as parameters for
malnutrition, it is likely at least in some patients that a low LM, FM and/or weight might
be primarily due to their underlying disease — for example, the presence of inflammation
- rather than due to poor nutrition. In this situation, it cannot be assumed that providing
additional or better nutrition would necessarily be beneficial (children might just increase
their FM without an improvement in LM), and a key priority for future research is to
investigate, preferably in a randomized trial, whether interventions based on baseline

measurements are able to improve clinical outcome in different patient groups.
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Reflecting the heterogeneous population, our chosen clinical outcomes were generic
enough to allow their measurement in all patients, and this limited our ability to identify
predictors. This applied particularly to our composite outcome of ‘complications’ which
required a number of assumptions and did not include potentially important parameters
such as readmissions to hospital. More research is necessary to investigate the
predictive value of BC and screening tools for more specific clinical outcomes in different

patient groups.

It is also important to consider that, whilst our analyses suggested a potential additive
benefit for LM and screening tools, this must be weighed against the practical and
logistical issues related to obtaining BC measurements, which will vary depending on
setting and resources. In this context, it is also important to note that we were only able
to obtain a full set of BC measurements in 78% of these complex patients. The most
common reason for failing to obtain a measurement was the child’s limited ability to
stand, and thus consideration should be given to proxy measures of height. This is
particularly important as it is possible that height standardized BC measures could have
an advantage over unadjusted values. The BC reference data available for our study
started at age 5 years. However, we have recently published reference data for infants
and children aged 6 weeks to 5 years based on measurement of total body water using
isotope dilution (53). This will allow future studies to include this population, who make

up a substantial proportion of hospital patients.

Conclusion

In children with complex conditions, BC measurements — particularly LM — had an

advantage over weight, height or BMI for identifying children with worse clinical
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outcomes. The screening tools identified different children as high risk. STAMP and
STRONGKids were best at detecting malnutrition on admission while PYMS was best
able to identify children with adverse clinical outcomes. LM and PYMS provided
complementary information for the risk of an increased length of stay. Ultimately, in
order to justify the routine use of screening tools or BC measurements, it is important to
establish that the results can be used to alter management and improve clinical
outcomes. ldeally such research should be conducted in specific patient groups with
relevant clinical outcomes, and the selection of the most appropriate screening tool

and/or BC parameter should be guided by the characteristics of the patient population.
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TABLE 1

Subject characteristics, baseline and outcome data

n=152 unless stated Number %
Boys 76 50
Surgical patients 78 51.3
Steroid medication 14 9
Fluid restriction 20 13
Restricted diet 52 34
Prior dietetic advice 85 56
EN/PN feeding 29 19
Wheelchair user 17 11

Clinical outcomes

Increased length of stay 4 35 23.0
Complications 33 21.7
Increased use of EN/PN ° 20 13.1
Transfer to another ward 13 8.6
Other complications 9 5.9

Anthropometry and BC on admission

(n=118) mean SDS ' <-2 SDS 2 22 SDS 3
Height -0.55 (1.3) ** 13.6 1.7
Weight -0.07 (1.6) 8.5 6.8

BMI 0.33 (1.4) 4.2 11.8
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LM -0.85 (1.3) ** 16.9 -
FM 0.08 (1.2) 5.9 5.1
Malnutrition risk on admission Number %
PYMS low-risk 70 46.1
medium-risk 44 28.9
high-risk 38 25.0
STAMP low-risk 24 15.8
medium-risk 74 48.7
high-risk 54 35.5
STRONGkids low-risk 25 16.4
medium-risk 99 65.1
high-risk 28 18.4

(1) Mean standard deviation score (SDS) and standard deviation (SD) in parenthesis; (*)
One-sample t-test for the mean SDS (Ho: mean SDS=0) significant (p<0.05) and (**)
significant (p<0.001); (2) Percentage (%) of patients with <-2SDS; (3) % patients with
=22SDS; (4) Increased length of stay defined as a longer hospital stay than predicted by
the medical team on admission, but also greater than the median stay of 9 days; (5)
Increased use of EN/PN defined as receiving any form of artificial feeding (full or partial
enteral nutrition (EN)/parenteral nutrition (PN)). BMI=Body Mass Index; FM=fat mass;
LM=lean mass; PYMS=Pediatric Yorkhill Malnutrition Score; STAMP=Screening Tool for
the Assessment of Malnutrition in Pediatrics; STRONGkids=Screening Tool for Risk of

Impaired Nutritional Status and Growth.
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Baseline anthropometric and body composition standard deviation scores in patients

with or without adverse clinical outcomes

Parameter Increased length of stay ' Complications 2
(n=118) No Yes No Yes
Height -0.36 (1.15) -1.30 (1.77) **|  -0.51 (1.38) -0.72 (1.16)
Weight 0.08 (1.48) -0.68 (1.95) * -0.01 (1.68) -0.37 (1.19)
BMI 0.37 (1.37) 0.16 (1.55) 0.39 (1.45) 0.05 (1.19)
LM -0.68 (1.25) -1.54 (1.57) **|  -0.74 (1.40) -1.38 (1.03) *
FM 0.17 (1.11) -0.27 (1.63) 0.10 (1.22) -0.01 (1.31)

Table shows mean standard deviation scores (SDS) and standard deviation (SD) in

parenthesis for each parameter; (1) Greater length of stay than predicted on admission

together with an actual total length of stay 29 days; (2) Ward/hospital transfer, increased

use of enteral/parenteral nutrition or other infectious complications during stay.

Independent samples t-test for difference in mean SDS for each anthropometric and

body composition parameter between groups, (*) significant (p<0.05), (**) significant

(p<0.01). BMI=Body Mass Index; FM=fat mass; LM=lean mass.
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Associations between baseline diagnostic parameters and increased length of stay

Nagelkerke
n =118 Predictors B’ 95% ClI 2 p3
R2

Height  Low height SDS 3.89 (1.27,11.9)  0.017 0.07
Weight  Low weight SDS  4.68 (1.23,17.8)  0.023 0.06
BMI Low BMI SDS 2.64 (0.42, 16.7) 0.303 0.01
LM Low LM SDS 4.53 (1.60, 12.7) 0.004 0.10
FM Low FM SDS 6.07 (1.26,29.2)  0.025 0.06
Combined Low LM SDS 3.70 (1.25, 10.95) 0.018 0.13
model Low FM SDS 3.80  (0.71,20.50)  0.120

(1) Coefficients (odds ratios) for the predictors in the logistic regression model

(Dependent variable: increased length of stay (1=yes). Models adjusted step-wise using

the variables: age, sex (1=female), admission group (1=surgical), steroid use (1=yes),

enteral/parenteral nutrition (1=yes), restricted diet (1=yes), fluid restriction (1=yes),

wheelchair user (1=yes) and prior dietetic advice (1=yes) — none significant so not

shown; (2) 95% Confidence Interval for the coefficients; (3) p-value of the coefficients.

Low standard deviation score (SDS)= <-2SDS (1=yes). BMI=Body Mass Index; FM=fat

mass; LM=lean mass.
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Associations between baseline diagnostic parameters and complications

n=118 Predictors B’ 95% ClI ? p3 Nagelkerke R2
Height Low Height SDS 0.62 (0.13,2.98)  0.554 0.00
Weight Low Weight SDS 1.17 (0.23,5.96)  0.849 0.00
BMI Low BMI SDS 0.00 (0.00, -) 0.999 0.03
LM Low LM SDS 1.71 (0.54,5.37) 0.359 0.01
FM Low FM SDS 3.88 (0.80, 18.81) 0.093 0.04

(1) Coefficients (odds ratios) for the predictors in the logistic regression model

(Dependent variable: Complications (1=yes). Models adjusted step-wise using the

variables: age, sex (1=female), admission group (1=surgical), steroid use (1=yes),

enteral/parenteral nutrition (1=yes), restricted diet (1=yes), fluid restriction (1=yes),

wheelchair user (1=yes) and prior dietetic advice (1=yes) — none significant so not

shown (2) 95% Confidence Interval for the coefficients; (3) p-value of the coefficients.

Low standard deviation score (SDS)= <-2SDS (1=yes). BMI=Body Mass Index; FM=fat

mass; LM=lean mass.



TABLE 5

Predictive validity of screening tools for increased length of stay
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n=152 Predictors B" 95%Cl? p3 Nagelkerke R2

Model 1 PYMS high-risk 36 (1.6,82) 0.002 0.09
£ Model 2  PYMS high-risk 35 (1.3,9.2) 0.011 0.19
>_
o

Prior dietetic advice 3.5 (1.2,10.0) 0.018

o
<§t Model 1 STAMP high-risk 20 (0.9,4.4) 0.069 0.03
|_
n
“ Model 1  STRONGKids high-risk 3.3  (1.4,8.0) 0.008 0.07
2
% Model 2 STRONGKids high-risk 2.7  (1.1,6.7) 0.031 0.12
O
E Complications 29 (1.2,6.9) 0.015

(1) Coefficients (odds ratios) for the predictors in the logistic regression model

(Dependent variable: increased length of stay (1=yes)). Models adjusted step-wise using

the variables: age, sex (1=female), admission group (1=surgical), steroid use (1=yes),

enteral/parenteral nutrition (1=yes), restricted diet (1=yes), fluid restriction (1=yes),

wheelchair user (1=yes) and prior dietetic advice (1=yes) — only significant variables

shown; (2) 95% Confidence Interval for the coefficients; (3) significance of the

coefficients (p<0.05). PYMS high-risk=high risk groups using PYMS (1=yes); STAMP

high-risk=high risk groups using STAMP (1=yes); STRONGKids high-risk=high risk

groups using STRONGKkids (1=yes). PYMS=Pediatric Yorkhill Malnutrition Score;

STAMP=Screening Tool for the Assessment of Malnutrition in Pediatrics;

STRONGKkids=Screening Tool for Risk of Impaired Nutritional Status and Growth.
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Predictive validity of screening tools for complications
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n=152 Predictors B" 95%Cl? p?® Nagelkerke R2
(é) Model 1 PYMS high-risk 59 (2.6,13.7) <0.001 0.17
o
Model 1 STAMP high-risk 24 (1.1,5.2) 0.033 0.05
% Model 2  STAMP high-risk 22 (0.9,48) 0.058 0.09
5 Admission group 25 (1.1,5.8) 0.032
9 Model 1 STRONGKids high-risk 3.0 (1.2, 7.3) 0.015 0.06
§ Model 2 STRONGKids high-risk 3.4 (1.4, 8.6) 0.009 0.12
(% Admission group 3.0 (1.3,7.0 0.013

(1) Coefficients (odds ratios) for the predictors in the logistic regression model

(Dependent variable: Complications (1=yes). Models adjusted step-wise using the

variables: age, sex (1=female), admission group (1=surgical), steroid use (1=yes),

enteral/parenteral nutrition (1=yes), restricted diet (1=yes), fluid restriction (1=yes),

wheelchair user (1=yes) and prior dietetic advice (1=yes) — only significant variables

shown; (2) 95% Confidence Interval for the coefficients; (3) significance of the

coefficients (p<0.05). PYMS high-risk=high risk groups using PYMS (1=yes); STAMP

high-risk=high risk groups using STAMP (1=yes); STRONGKkids high-risk=high risk

groups using STRONGkids (1=yes). PYMS=Pediatric Yorkhill Malnutrition Score;

STAMP=Screening Tool for the Assessment of Malnutrition in Pediatrics;

STRONGKkids=Screening Tool for Risk of Impaired Nutritional Status and Growth.
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FIGURE 1 Subject flow through the study

FIGURE 2 Primary diagnosis and reason for admission of recruited patients. n=152.

FIGURE 3 Mean weight, height, LM and FM standard deviation score according to risk

categories for each screening tool

Graphs show mean standard deviation scores (bar) for (A) height, (B) weight, (C) LM,
(D) and FM for each risk category (low, medium and high) by each of the screening
tools. (*) One-way ANOVA, significantly different (p<0.05) mean standard deviation
score for the parameter between risk categories. Letters indicate significant differences
between each category of risk (Bonferroni post-hoc testing). n=118. DXA= Dual Energy
X-ray absorptiometry; FM=fat mass; LM=lean mass; PYMS=Pediatric Yorkhill
Malnutrition Score; SDS=standard deviation score; STAMP=Screening Tool for the
Assessment of Malnutrition in Pediatrics; STRONGkids=Screening Tool for Risk of

Impaired Nutritional Status and Growth.



