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BACKGROUND/OBIJECTIVES: Several nutritional screening tools were recently developed to screen the risk of malnutrition in
hospitalized children, but have not been validated in Asia. We compared four nutritional screening tools for pediatric patients
in evaluating nutritional risks in newly hospitalized children.

SUBJECTS/METHODS: Medical records of newly admitted pediatric patients between June 2016 and May 2017 at two tertiary
hospitals were reviewed. Initial information by nurses and hospital records by doctors on baseline demographic, clinical, and
anthropometric data at admission were collected in all subjects. Nutritional risks were evaluated using four nutritional screening
tools including the pediatric nutritional risk score (PNRS), the screening tool for the assessment of malnutrition in pediatrics
(STAMP), the paediatric Yorkhill malnutrition score (PYMS), and the screening tools for risk of nutritional status and growth
(STRONGKids).

RESULTS: A total of 559 patients (310 boys and 249 girls, mean age 6.3 +5.5 years) were recruited. Patients in medical and
surgical departments were 469 (83.9%) and 90 (16.1%), respectively. The prevalence of patients at risk of malnutrition were
31.1% for low risk, 52.2% for medium risk, and 16.6% for high risk by PNRS; 11.4%, 39.7%, and 48.8% by STAMP; 26.5%, 25.4%,
and 48.1% by PYMS; and 35.6%, 58.9%, and 5.5% by STRONGkids. PNRS versus STRONGkids and STAMP versus PYMS showed
moderate agreement (kappa =0.566 and kappa = 0.495, respectively). PYMS and STAMP revealed a relatively high sensitivity
of 87.8% and 77.6% for wasting.

CONCLUSION: Different nutritional screening tools revealed considerably different results in evaluating nutritional risks in newly
hospitalized children. Since pediatric patients are at risk of malnutrition at admission and during hospitalization, screening

tools should be applied properly according to the situation of each hospital.
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INTRODUCTION

The importance of nutrition in hospitalized children is obvious.

The prevalence of malnutrition in inpatient children has been
reported as 6.1-37% not only in developing countries but also
in developed countries [1-4]. The malnutrition rate in pediatric
patients admitted to hospital was also reported to be 12.5-30%
in South Korea [5,6]. According to one Korean study, about a
quarter of pediatric inpatients lost body weight during the first
week of hospital stay, and surgical patients and those with
long-term fasting showed increased risks of weight loss during
hospitalization [5]. Malnutrition in hospitalized children can
affect clinical courses of the disease and growth, and thus result
in poor clinical outcomes.

The concept of nutritional support in hospitalized patients
has emerged on the basis of in-hospital malnutrition and its
clinical consequences. Nowadays, nutritional support for inpatients
has made progress and it is provided systematically through

multidisciplinary nutritional support teams (NSTs) in most
hospitals. The first step to run and manage the NST effectively
and efficiently in each hospital may be proper screening and
selection of the patients who are at risk of malnutrition
requiring nutritional support during hospitalization. Based on
this reason, many studies on nutritional screening tools to
evaluate the patients at risk of malnutrition have been actively
conducted [7-10]. As a result, a variety of nutritional screening
tools have been developed and used in practice for adult
patients, and many studies have validated and compared those
adult screening tools in various types of hospitals, disease
status, geographic areas, and age [11-13].

Compared with nutritional screening tools for adults, those
for pediatric patients were developed and introduced relatively
later [14]. Sermet-Gaudelus et al. [15] first published a study
on malnutrition risks in pediatric patients and a newly developed
nutritional screening tool - the pediatric nutritional risk score
(PNRS) for hospitalized children in 2000, the subjective global
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assessment (SGA) tool which was developed as a nutritional
screening and assessment tool for adults was also applied to
pediatric surgical patients as published in 2007 [16]. Between
2010 and 2012, three screening tools for pediatric patients were
established; the paediatric Yorkhill malnutrition score (PYMS)
[17], the screening tools for risk of nutritional status and growth
(STRONGKids) [18], and the screening tool for the assessment
of malnutrition in pediatrics (STAMP) [19]. In 2016, the simple
pediatric nutrition screening tool for pediatric inpatients was
additionally published [20]. However, validation studies on
these pediatric screening tools are still lacking and no validation
studies have been reported in Asian countries [1-4], even though
each screening tool was developed with different backgrounds.
Furthermore, there is no consensus yet regarding which one
is the most superior and which screening tool should be used
in practice.

Therefore, the aim of this study was to compare the four
pediatric nutritional screening tools in evaluating malnutrition
risks of pediatric patients newly hospitalized to two tertiary
medical centers in South Korea.

SUBJECTS AND METHODS

Subjects

This study was conducted with a retrospective review of
electronic medical charts by two pediatric gastroenterologists
with nutritional expertise. Pediatric patients under 18 years of
age who were newly admitted to general wards of two tertiary
hospitals between June 2016 and May 2017 were recruited.
Patients admitted to the intensive care units or the closed
psychiatric wards were excluded from the study.

Data collection

By using the initial records on basic patient information by
the nurses and hospital records by the doctors, demographic,
clinical, and anthropometric data at the time of admission was
collected in all subjects recruited. Baseline database included
age, sex, reasons for admission (diagnosis), recent appetite prior
to admission, presence of pain, measured height and weight
at admission, and current weight changes.

Anthropometry

Body weight was determined to the nearest 0.1 kg using a
calibrated digital scale, and height was measured to the nearest
0.1 cm on a standard height board. Height and weight was
converted to height-for-age z-score and weight-for-height
z-score using the least mean squares method adjusted for age
and gender based on the 2007 Korean National Growth Charts
[21]. Wasting was defined as weight-for-height z-score less than
-2 at the time of admission, and stunting was defined as
height-for-age z-score less than -2 at admission.

Body mass index (BMI) was calculated as weight (kg) divided
by height square (m?).

Nutritional screening tools for pediatric patients

For the application of PNRS to screen nutritional risk, diagnosis
of underlying disease, the presence of pain, and decreased food
intake less than 50% were checked and analyzed [15]. For

nutrition screening using STAMP, a diagnosis that has any
nutritional implications, recent decrease or poor nutritional
intake, and weight and height status using a growth chart were
checked and scored for overall risk of malnutrition [19]. For
screening by PYMS, BMI below the cutoff value, recent weight
loss, reduced intake for at least the past week, and recent
admission or condition affecting the child’s nutrition for at least
the next week were all analyzed [17]. For nutritional screening
by STRONGkids, subjective clinical assessment, high risk disease,
nutritional intake, and weight loss were all assessed [17].
The scores of PNRS, STAMP, PYMS, and STRONGkids were
calculated respectively based on medical records by two pediatric
gastroenterologists in each hospital. All individual patients were
classified as low (mild) / medium (moderate) / high risk for
malnutrition based on the scores of each screening tool.

Ethics

This study was approved by the Institutional Review Board
of the Seoul National University Bundang Hospital (IRB No.
B-1802-453-104).

Statistics
SPSS version 22.0 (IBM Corp., Armonk, NY, USA) was used
for data analyses. All values were expressed as a number (%)
or mean * standard deviation (SD). As clinical significance is not
quite similar between low and medium (moderate) risk groups,
statistical analysis was basically performed between low and
medium (moderate) risk group and high risk group.
Agreement between the two screening tools was compared
using Cohen’s kappa coefficient. Fleiss's Kappa analysis was
applied to evaluate the overall match of all four screening tools.
The sensitivity, specificity, positive predictive value, negative
predictive value, and the area under the curve (AUC) of each
four screening tool for predicting wasting and stunting status
at the time of admission were calculated, respectively.
Statistical significant was defined when the P-value was less
than 0.05.

RESULTS

Patient characteristics

A total of 559 pediatric patients (mean age 6.3 +£5.5 years,
310 boys and 249 girls) were enrolled from two tertiary
hospitals. Demographic and anthropometric data are listed in

Table 1. Baseline characteristics of 559 pediatric patients

Variable Value

63+55
310:249 (55.5% : 44.5%)

Age (yrs)
Sex (boys : girls)

Hospital (SNUBH : PNUCH) 285:274

Department (Medical : Surgical) 469:90 (83.9%:16.1%)
Mean WFH z-score -022+£1.25

Wasting (WFH z score < -2) 49 (8.8%)

Mean HFA z score 0.16 £ 141

Stunting (HFA z score < -2) 29 (5.2%)

Values are expressed as mean + SD or numbers (%),
PNUCH, Pusan National University Children’s Hospital; SNUBH, Seoul National
University Bundang Hospital; WFH, weight for height; HFA, height for age.
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Table 2. Classification of underlying diseases of 559 pediatric patients recruited
n (%)

94 (16.8%)

91 (16.3%)

89 (15.9%)

Underlying disease

Gastrointestinal disease
Pulmonary disease

Oncologic disease

Infectious disease 52 (9.3%)
Renal disease 43 (7.7%)
Neurologic disease 41 (7.3%)

Others 109 (19.5%)

Data are expressed as numbers (%).

Table 3. Risks of malnutrition by each screening tool in 559 pediatric patients

Screening tool Low risk Medium risk High risk
PNRS 174 (31.1%) 292 (52.2%) 93 (16.6%)
STAMP 64 (11.4%) 222 (39.7%) 273 (48.8%)
PYMS 148 (26.5%) 142 (25.4%) 269 (47.8%)
STRONGkids 199 (35.6%) 329 (58.9%) 31 (5.5%)

Data are expressed as numbers (%).

PNRS, pediatric nutritional risk score; STAMP, screening tool for the assessment
of malnutrition in pediatrics; PYMS, paediatric Yorkhill malnutrition score; STRONGKidS,
screening tool for risk of nutritional status and growth,

Table 1. The prevalence of wasting and stunting at admission
were 8.8% and 5.2%, respectively (Table 1).

The departments at admission were predominantly medical
departments in 469 (83.9%) patients. Underlying diseases of the
subjects recruited were mainly gastrointestinal (16.8%), pulmonary
(16.3%), and oncologic diseases (15.9%) (Table 2).

Prevalence of malnutrition according to each screening stool

The prevalence of pediatric patients with a high risk of
malnutrition was 48.8% and 47.8%, respectively, by applying
STAMP and PYMS as a nutritional screening tool, whereas 16.6%
and 5.5%, respectively, by using PNRS and STRONGkids (Table
3). Most patients were regarded as low to medium (moderate)
risk groups according to PNRS and STRONGkids (83.3% and
94.5%, respectively) (Table 3).

Agreement between screening tools

Agreements between each screening tool were evaluated by
Cohen’s kappa coefficient. PNRS and STRONGkids revealed
moderate agreement (kappa = 0.566), and STAMP and PYMS

Nutritional screening tools for hospitalized children

PNRS

0.566 0.100
0.185
STRONGkids 0.063 STAMP
0.193 0.495

PYMS

Fig. 1. Agreement between each nutritional screening tool. Agreement between
each nutritional screening tool by Cohen’s kgopa coefficient in 559 hospitalized children
showed moderate agreement between PNRS versus STRONGkids and STAMP versus
PYMS, PNRS, pediatric nutritional risk score; STAMP, screening tool for the assessment
of malnutrition in pediatrics; PYMS, paediatric Yorkhill malnutrition score; STRONGKids,
screening tool for risk of nutritional status and growth,

Table 4. Agreement between each screening tool by Cohen’s kappa coefficient
in 559 patients

Screening tool PNRS STAMP PYMS STRONGkids
PNRS -
STAMP 0.100 -
PYMS 0.185 0.495 -
STRONGkids 0.566 0.063 0.193 -

PNRS, pediatric nutritional risk score; STAMP, screening tool for the assessment
of malnutrition in pediatrics; PYMS, paediatric Yorkhill malnutrition score; STRONGKids,
screening tool for risk of nutritional status and growth,

showed moderate agreement (kappa = 0.495). However, PNRS
versus STAMP, PNRS versus PYMS, STAMP versus STRONGkids,
and PYMS versus STRONGkids revealed weak agreement (all
Cohen’s kappa value <0.2) (Fig. 1, Table 4).

Fless's kappa coefficient revealed poor agreement among all
four nutritional screening tools (kappa=0.222, z=12.8, P<
0.001) in newly hospitalized children.

Diagnostic accuracy of each nutritional screening tool

PYMS and STAMP revealed relatively higher sensitivity of 87.8%
and 77.6%, respectively, for wasting and 72.4% and 75.9%,
respectively, for stunting (Table 5). AUC was also relatively
higher with PYMS and STAMP revealing 0.717 and 0.657,
respectively, for wasting and 0.628 and 0.643, respectively, for
stunting (Table 5).

Table 5. Diagnostic accuracy of each screening tool compared to wasting and stunting

Group Screening tool Sensitivity Specificity PPV NPV AUC
Wasting PNRS 0.245 0.841 0.129 0.921 0.543
STAMP 0.776 0.539 0.139 0.962 0.657

PYMS 0.878 0.557 0.160 0.979 0.717

STRONGkids 0.245 0.963 0.387 0.930 0.604

Stunting PNRS 0.345 0.843 0.108 0.959 0.594
STAMP 0.759 0.526 0.081 0.976 0.643

PYMS 0.724 0.532 0.078 0.972 0.628

STRONGkids 0.207 0.953 0.194 0.956 0.580

Wasting was defined as weight for height z score < -2, and stunting as height for age z score < -2,
PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve; PNRS, pediatric nutritional risk score; STAMP, screening tool for the assessment
of malnutrition in pediatrics; PYMS, paediatric Yorkhill malnutrition score; STRONGKids, screening tool for risk of nutritional status and growth,
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DISCUSSION

Although pediatric patients are at risk of malnutrition at
admission and even during hospitalization, the prevalence of
malnutrition has not been precisely investigated due to lack
of nutritional screening tools for children. Recently, several
nutritional screening tools for hospitalized children were
developed with different backgrounds [1-4]. However, only a
few validation studies have been published to date on the
prevalence of malnutrition in pediatric patients using three of
these pediatric screening tools ie. STAMP, PYMS, and
STRONGkids [1-4]. From the aspect of comparison among
pediatric nutritional screening tools, the present study is the
first that compared the prevalence of malnutrition in hospitalized
children and the diagnostic accuracy of all four pediatric
screening tools including PNRS, STAMP, PYMS, and STRONGkids.

These four pediatric screening stools have some aspects in
common since all of them include the change in appetite or
oral intake and underlying diagnosis or condition that can affect
nutritional intake or nutritional status as a part of the main
principle items. Although both STAMP [19] and PYMS [17]
include anthropometric parameters such as weight, height, or
BMI in addition to those two items mentioned above, there
are different characteristics because PYMS additionally includes
weight loss, while STAMP does not. Similarly, PNRS includes pain
[15], while STRONGkids [18] includes subjective observation,
even though both PNRS and STRONGkids do not include
anthropometric measurements.

When evaluating the prevalence of malnutrition and classifying
malnutrition risks of hospitalized children by applying four
pediatric nutritional screening tools, our study revealed the
lowest proportion of 5.5% as a high risk group by STRONGkids,
compared to 48.8% and 47.8% by STAMP and PYMS, respec-
tively. According to a previous study comparing three screening
tools of STRONGkids, STAMP, and PYMS in a single hospital,
52.5% and 69.6% of the children were classified as high risk
groups by PYMS and STAMP, whereas only 7.8% was classified
as high risk group by STRONGkids, similar to our results [4].
A recently reported prospective multi-center study in Europe
also showed similar results to our present study with the lowest
proportion of high risk groups to be 10% by STRONGkids [3].

In our study, the agreement of STAMP compared to PYMS
and PNRS compared to STRONGkids were both high. According
to a recent European multicenter study, the risk classification
between each pair of nutritional screening tools revealed a
similar agreement of 81 to 83% between two screening tools
[3]. However, unlike a previous European study [3], STRONGkids
compared to PYMS had no agreement in the present study.
Furthermore, the agreement among all four pediatric nutritional
screening tools by Fleiss's kappa analysis in our study also
revealed no agreement.

Severely malnourished groups are significantly associated
with wasting and stunting, and tend to have significantly longer
hospital duration [16]. In the present study, the diagnostic
accuracy of four pediatric screening tools were evaluated to
screen nutritional risks of newly hospitalized children, and the
sensitivity of PYMS and STAMP for wasting (weight for height
z score < -2) was relatively higher than PNRS and STRONGkids

with 87.8% and 77.6%, respectively, and the sensitivity of PYMS
and STAMP for stunting (height for age z score < -2) were 72.4%
and 75.9%, respectively. Similarly, in a recent Iranian study,
weight for height z-score significantly correlated with PYMS and
weight for age z-scores correlated with both STAMP and PYMS
[4]. A recent European multicenter study also revealed that
PYMS and STAMP recognized low BMI better [3]. Comparing
the main principle items of PYMS and STAMP, there are two
items related to anthropometry (BMI and recent weight loss)
out of four principle items in PYMS, whereas only one item
is related to anthropometry of four items in STAMP. For this
reason, PYMS and STAMP could be closely related to wasting
and stunting at admission. Therefore, PYMS and STAMP may be
good indicators of wasting and stunting, suggesting malnutrition
of pediatric patients.

As we mentioned before, each screening tool has its own
characteristics. Considering the backgrounds of the development
of each nutritional tool, the differences in patient group, coverage
by health insurance, indication of hospitalization, and the
differences in the national health policy may be additional
reasons for the differences among these screening tools. This
can be well-understood through the application of nutritional
screening tools in specific settings. A UK study comparing
modified STAMP and the PYMS tool in a single tertiary children's
hospital involving 300 patients (median age 38 months) in an
acute pediatric setting showed poor sensitivity for wasting or
stunting, and the agreement between the two tools was also
low; thus, this study concluded that modified STAMP and PYMS
tools were difficult to use as a nutritional screening tool in the
acute setting [22].

The present study has some limitations as a retrospective
study. First, the initial data on food intake and appetite change
was obtained from the initial information from nursing evaluation.
Second, the item of subjective clinical assessment for STRONGkids
was deduced through a thorough retrospective review of
medical records on the patients’ physical examination. Third,
the validation of this study was mainly based on anthropometric
parameters indicative of wasting and stunting, and the
subjective global assessment was not evaluated for validation.
Nevertheless, the fact that one pediatric nutrition specialist each
in two hospitals reviewed the medical records and has obtained
all hospital data is considered to be beneficial to obtaining
homogeneous data.

In conclusion, from the results of our study, PNRS versus
STRONGkids and STAMP versus PYMS revealed moderate
agreement in evaluating nutritional risks for hospitalization
children at the time of admission, even though all of these four
pediatric screening tools showed poor agreement. Furthermore,
in the present study, both PYMS and STAMP showed relatively
higher diagnostic accuracy compared to PNRS or STRONGkids
in evaluating nutritional status of hospitalized children. Different
pediatric nutritional screening tools may have considerably
different results in evaluating nutritional risks in newly admitted
pediatric patients. Therefore, nutritional screening tools should
be selected appropriately according to the situation of each
hospital on the basis of understanding of the differences in
configuring items of each nutritional screening tool.



414 Nutritional screening tools for hospitalized children

ACKNOWLEDGEMENTS

The authors thank Dr. JB Lee and the Division of Statistics
at the Medical Research Collaborating Center, Seoul National
University Bundang Hospital for the assistance with statistical
analysis. The authors are grateful to Professor Emeritus J. Patrick
Barron for honor editing of the manuscript.

CONFLICT OF INTEREST

There are no conflicts of interest to declare.

ORCID

Yeoun Joo Lee: https://orcid.org/0000-0001-8012-5433
Hye Ran Yang: https://orcid.org/0000-0002-3423-6922

REFERENCES

1. Joosten KF, Hulst JM. Prevalence of malnutrition in pediatric
hospital patients. Curr Opin Pediatr 2008;20:590-6.

2. Marginean O, Pitea AM, Voiddzan S, Marginean C. Prevalence and
assessment of malnutrition risk among hospitalized children in
Romania. J Health Popul Nutr 2014;32:97-102.

3. Chourdakis M, Hecht C, Gerasimidis K, Joosten KF, Karagiozoglou-
Lampoudi T, Koetse HA, Ksiazyk J, Lazea C, Shamir R, Szajewska
H, Koletzko B, Hulst JM. Malnutrition risk in hospitalized children:
use of 3 screening tools in a large European population. Am J Clin
Nutr 2016;103:1301-10.

4. Nasab MH, Gholampour Z, Imani B, Norouzy A. Prevalence of
malnutrition risk based on three nutritional risk scores in
hospitalized Iranian children. Int Res J Appl Basic Sci 2016;10:438.

5. Hwang EH, Park JH, Chun P, Lee YJ. Prevalence and risk factors
for the weight loss during hospitalization in children: a single
Korean children's hospital experience. Pediatr Gastroenterol Hepatol
Nutr 2016;19:269-75.

6. Lee DG, Rho YI, Moon KR. Assessment of nutritional status in
hospitalized pediatric patients. Korean J Pediatr Gastroenterol Nutr
2001;4:83-91.

7. Kondrup J, Allison SP, Elia M, Vellas B, Plauth M; Educational and
Clinical Practice Committee, European Society of Parenteral and
Enteral Nutrition (ESPEN). ESPEN guidelines for nutrition screening
2002. Clin Nutr 2003;22:415-21.

8. Reilly HM, Martineau JK, Moran A, Kennedy H. Nutritional screening-—-
evaluation and implementation of a simple nutrition risk score. Clin
Nutr 1995;14:269-73.

9. Detsky AS, Baker JP, Mendelson RA, Wolman SL, Wesson DE,
Jeejeebhoy KN. Evaluating the accuracy of nutritional assessment

10.

12

13.

14.

15.

16.

17.

19.

20.

21.

22.

techniques applied to hospitalized patients: methodology and
comparisons. JPEN J Parenter Enteral Nutr 1984;8:153-9.

Guigoz Y, Vellas B, Garry PJ. Assessing the nutritional status of the
elderly: the mini nutritional assessment as part of the geriatric
evaluation. Nutr Rev 1996;54:559-65.

. Duran Alert P, Mila Villarroel R, Formiga F, Virgili Casas N, Vilarasau

Farré C. Assessing risk screening methods of malnutrition in geriatric
patients: mini nutritional assessment (MNA) versus geriatric nutritional
risk index (GNRI). Nutr Hosp 2012;27:590-8.

Abd Aziz NAS, Teng NIMF, Abdul Hamid MR, Ismail NH. Assessing
the nutritional status of hospitalized elderly. Clin Interv Aging
2017;12:1615-25.

Hakonsen SJ, Pedersen PU, Bath-Hextall F, Kirkpatrick P. Diagnostic
test accuracy of nutritional tools used to identify undernutrition
in patients with colorectal cancer: a systematic review. JBl Database
System Rev Implement Rep 2015;13:141-87.

Lee YJ. Nutritional screening tools among hospitalized children:
from past and to present. Pediatr Gastroenterol Hepatol Nutr
2018;21:79-85.

Sermet-Gaudelus |, Poisson-Salomon AS, Colomb V, Brusset MC,
Mosser F, Berrier F, Ricour C. Simple pediatric nutritional risk score
to identify children at risk of malnutrition. Am J Clin Nutr 2000;72:
64-70.

Secker DJ, Jeejeebhoy KN. Subjective global nutritional assessment
for children. Am J Clin Nutr 2007;85:1083-9.

Gerasimidis K, Keane O, Macleod |, Flynn DM, Wright CM. A
four-stage evaluation of the Paediatric Yorkhill Malnutrition Score
in a tertiary paediatric hospital and a district general hospital. Br
J Nutr 2010;104:751-6.

. Hulst JM, Zwart H, Hop WC, Joosten KF. Dutch national survey to

test the STRONGkids nutritional risk screening tool in hospitalized
children. Clin Nutr 2010;29:106-11.

McCarthy H, Dixon M, Crabtree |, Eaton-Evans MJ, McNulty H. The
development and evaluation of the screening tool for the
assessment of malnutrition in paediatrics (STAMPO) for use by
healthcare staff. J Hum Nutr Diet 2012;25:311-8.

White M, Lawson K, Ramsey R, Dennis N, Hutchinson Z, Soh XY,
Matsuyama M, Doolan A, Todd A, Elliott A, Bell K, Littlewood R.
Simple nutrition screening tool for pediatric inpatients. JPEN J
Parenter Enteral Nutr 2016;40:392-8.

Moon JS, Lee SY, Nam CM, Choi JM, Choe BK, Seo JW, Oh K, Jang
MJ, Hwang SS, Yoo MH, Kim YT, Lee CG. 2007 Korean national
growth charts: review of developmental process and an outlook.
Korean J Pediatr 2008;51:1-25.

Thomas PC, Marino LV, Williams SA, Beattie RM. Outcome of
nutritional screening in the acute paediatric setting. Arch Dis Child
2016;101:1119-24.





