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Abstract
Background: All hospitalized patients should be screened for malnutrition risk. No universal method exists for
pediatric patients.
Methods: We performed a cross-sectional study comparing three published malnutrition risk screening tools (PYMS,
STAMP, and STRONGkids), applying them to each inpatient aged 1 month to 17 years over a period of five
consecutive weekdays in Helsinki University Hospital, Finland.
Results: Of the eligible patients, 67% (n = 69) participated. We found that 6.2% of the children were acutely
malnourished and accurately categorized by the three tools. STRONGkids showed the highest specificity (100%) and
positive predictive value (36%). Acute malnutrition seemed to be associated with longer hospital stay (p = 0.051).
Conclusion: STRONGkids was the most accurate screening tool for detecting acute malnutrition and was therefore
chosen as the screening method in our hospital. Routine screening for the risk of malnutrition in pediatric
inpatients is important in detecting at-risk children who would otherwise be left without dietary intervention.
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Introduction
Malnutrition is an underrecognized problem leading to
an increased risk for complications, longer hospital
stays, and decreased quality of life [1, 2]. Several guidelines suggest that pediatric hospital inpatients should
be screened for malnutrition risk [3]. Consensus on
which screening method is preferable in pediatric
patients is lacking [4, 5].
Three validated bedside screening methods for malnutrition risk have been developed in recent years: The
Screening Tool for the Assessment of Malnutrition in
Paediatrics (STAMP) [6], the Pediatric Yorkhill
Malnutrition Score (PYMS) [7], and the Screening Tool
for Risk of Impaired Nutritional Status and Growth
(STRONGkids) [8]. These screening methods share some
similarities in questions regarding appetite, weight
development, and underlying illness. The STAMP and
STRONGkids methods include a list of high-risk
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diagnoses. STAMP and PYMS, but not STRONGkids,require anthropometric measurements.
The screening tools aim to detect children whose outcome may improve with dietary intervention. The tools
classify children as having low, medium, or high risk for
malnutrition. Several studies in different countries and
settings have compared the applicability of these tools
[4, 6–15]. Smaller studies have favored the STRONGkids
screening tool over PYMS or STAMP due to its higher
accuracy. However, a large European multicenter study
[4] and a meta-analysis [5] do not support the use of
one screening method over another. Thus, we sought to
determine which of the three tools has the highest accuracy for use in daily practice.

Methods
Subjects

Inpatients aged 1 month to 17 years, staying for least
24 h in the pediatric or surgical wards of Helsinki University Children’s Hospital, Finland, were invited to
participate in the study. We excluded patients treated
in pediatric and neonatal intensive care units and those
children whose families did not speak Finnish. The
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study period was five consecutive weekdays, Monday
through Friday, once on each ward (n = 8) in October
to November 2013. Information from the three screening methods was compiled into a set of questions, and
the separate risk scores were drawn from the data
(Additional file 1: Table SI).
Data collection

Weight and height or recumbent length were recorded,
and national growth charts were used to draw height and
expected body mass index (BMI) standard deviation (SD)
scores and weight-to-height ratio [16–18]. ISO-BMI is a
BMI-for-age cut-off value for thinness, overweight, and
obesity with the cut-off curves passing through specified
BMIs at the age of 18 years. ISO-BMI values are defined
for children from 2 years of age onwards. Malnutrition
was defined according to the WHO guidelines plotted on
the national growth charts with − 2 SD of weight-toheight or BMI (representing acute malnutrition) and − 2
SD of height-to-age (representing chronic malnutrition) as
the cut-off point. Children’s diagnosis and length of
hospital stay (LOS) were derived from hospital
records. Parents answered a question on how worried
they are on a scale from one to seven regarding their
child’s nutrition. A single trained nutritionist (JH)
conducted the data collection.
Ethical issues

The study protocol was approved by the Ethics Committee of Helsinki University Hospital. All families provided
written informed consent.
Statistical analysis

SPSS software version 24 (IBM Corp., Armonk, NY,
USA) was used for statistical analysis: Cohen’s kappa for
agreement between nutrition risk tools, chi-square and
Fisher’s exact tests for differences between categories,
and Mann-Whitney U test and Kruskal-Wallis test for
associations between LOS and malnutrition or risk
scores. For the ability to detect acute malnutrition,
positive and negative predictive values and sensitivity
and specificity were calculated. Statistical significance
was set at p < 0.05.

Results
Patients

Of the 103 eligible children, aged 1 month to 17 years
(mean age 6.1 years), 69 (67%) participated: 33 girls and
36 boys (Table 1). The parents of 20 children could not
be reached, and 14 families chose not to take part in the
study. Median total LOS was 5 days (range 1–234 days).
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Table 1 Prevalence of malnutrition in 69 inpatients aged 1
month to 17 years in tertiary pediatric hospital wards, excluding
intensive care units
Assessment method

Number (%) of
malnourished children

Weight-for-height according
to national growth charts*

4/65** (6.2%)

ISO-BMI < 17*** (over 2-year-olds)

6/48 (12.5%)

Height-for-age < − 2 SD according
to national growth charts

10/65** (15.3%)

*< − 15% for < 130 cm, < − 20% for 130–160 cm, and < − 25% for > 160 cm
**Height measurements were obtained for 65 patients
***Represents < − 2 SD, i.e., grade 2 thinness
BMI body mass index, ISO-BMI BMI-for-age cut-off value for thinness,
overweight, and obesity

Malnutrition risk screening

The PYMS tool classified the most (44%) and STRONGkids the least (16%) children as having a high risk for malnutrition (Table 2). Cohen’s kappa between PYMS and
STAMP was κ = 0.512, between PYMS and STRONGkidsκ
= 0.257, and between STAMP and STRONGkidsκ = 0.309.
STRONGkids showed the highest specificity and positive
predictive value for acute malnutrition (Table 2).

Prevalence of malnutrition

Height and weight measurements were available for 65/
69 children (94.2%). Of these, four (6.2%) were acutely
malnourished. They were from cardiac, renal, oncologic, and psychiatric specialties; p = 0.497 for differences in the prevalence of malnutrition across the
specialties. All three assessment tools classified these
acutely malnourished children as having a high nutritional risk.
Of the 65 children, 10 (15.4%) had height below − 2
SD, suggestive of chronic malnutrition, although in six
the likely explanation was either a syndrome affecting
growth or use of corticosteroids. They were categorized
as having medium or high risk by all three methods,
except for one child, who was categorized as having a
low risk by PYMS.

Length of hospital stay

Children with a high risk for malnutrition stayed in hospital longer (Table 3). Median (interquartile range, IQR)
LOS was also longer in acutely malnourished children
than in those not acutely malnourished (17.5 days, 12–
58 vs. 5 days, 2–13, respectively), (p = 0.051). The LOS
for those whose height SD was below and above − 2 SD
was 14 days (4–121) and 4.5 days [2–12], respectively (p
= 0.090). Age of the child did not differ between
malnourished or well-nourished groups or between the
risk scores of any of the screening methods.
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Table 2 Malnutrition risk scores and positive and negative
predictive values and sensitivity and specificity of their ability to
detect acute malnutrition in 69 inpatients aged 1 month to 17
years in tertiary hospital wards, excluding intensive care units
Malnutrition risk score

PYMS

STAMP

STRONGkids

Low, n (%)

18 (26.1%)

5 (7.2%)

12 (17.4%)

Medium, n (%)

21 (30.4%)

40 (58.0%)

46 (66.7%)

High, n (%)

30 (43.5%)

24 (34.8%)

11 (15.9%)

Sensitivity

100%

100%

100%

Specificity

60%

69%

89%

Negative predictive value

100%

100%

100%

Positive predictive value

13%

17%

36%

PYMS Pediatric Yorkhill Malnutrition Score, STAMP The Screening Tool for the
Assessment of Malnutrition in Paediatrics, STRONGkids the Screening Tool for
Risk of Impaired Nutritional Status and Growth
Acute malnutrition defined as weight-for-height according to national growth
charts < − 15% for < 130 cm, < − 20% for 130–160 cm, and < − 25%
for > 160 cm

Dietetic contacts

Three of the four acutely malnourished patients had an
ongoing contact either prior or during the present
admission as well as active follow-up with a dietitian and
one had had dietary counseling in the past (p = 0.194).
Of those children with high nutritional risk scores with
PYMS, 25 were with and 5 without dietetic contact (p =
0.001); with STAMP, 21 were with and 3 without dietetic
contact (p < 0.001); and with STRONGkids, 10 were with
and 1 without dietetic contact (p = 0.006). High parental
concern for the child’s nutrition was associated with
acute malnutrition (p = 0.042) as well as with high PYMS
(p < 0.001), STAMP (p = 0.005), and STRONGkids (p =
0.003) risk scores.

Discussion
In our tertiary care pediatric hospital, 6.2% of children were
acutely malnourished, comparable to the 7% reported in a
large European multicenter study [1]. Depending on the
screening method, one in 11 to one in six high-risk patients was without dietetic contact, and one in four acutely
malnourished children. Without screening, they would
Table 3 Length of stay (days, interquartile ranges) in different
nutrition risk categories according to three screening tools in 69
inpatients aged 1 month to 17 years in tertiary hospital wards,
excluding intensive care units
Medium

High

p value*

2.5 (1–9)

4 (2–8)

12 (2–39)

0.038

2 (1–4)

3.5 (2–9)

13.5 (4–51)

0.001

4 (1–8)

4 (2–14)

12 (6–27)

0.134

Categories

Low

PYMS
STAMP
STRONGkids

*Kruskal-Wallis test
PYMS Pediatric Yorkhill Malnutrition Score, STAMP The Screening Tool for the
Assessment of Malnutrition in Paediatrics, STRONGkids the Screening Tool for
Risk of Impaired Nutritional Status and Growth
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have gone unnoticed. STRONGkids showed the highest
specificity and positive predictive value for acute malnutrition. Thus, based on these results and for ease of use, it will
be used as the screening method in our hospital.
Ease and swiftness of use are crucial in implementing
a screening tool for malnutrition in pediatric inpatients.
Measuring the child’s height seems to be a major issue
for nurses and is the reason cited for not completing a
screening tool that requires anthropometrics [19, 20].
Screening with STRONGkids takes less than 5 min and
has been considered easy to understand by nurses [11].
As a research dietitian carried out our study, we could
not determine nurses’ views on this issue.
The main strength of the study is that over a short
period a single trained researcher performed all patient
screenings, thus excluding inter-rater variation. Limitations of the study include the modest sample size and
the lack of healthy controls. However, the patients
included were representative of tertiary hospital pediatric
and surgical ward inpatients. The number of patients
was lower than expected because the number of patients
in the wards during data gathering was lower than
expected based on previous years’ statistics.
In accordance with our results, several other studies comparing screening methods have also favored STRONGkids
as a screening method because of its high specificity [9, 15].
However, a large European multicenter study [4] and a
meta-analysis [5] do not support the use of one screening
method over another due to insufficient evidence and because all methods may not identify children with subnormal anthropometric measurements. Nevertheless, defining
malnutrition is more complex than mere anthropometrics
[21]. Especially defining chronic malnutrition by height SD
is problematic, as is highlighted by our findings that over
half of those who were categorized as chronically malnourished by WHO standards had non-nutritional reasons for
their stunting. This makes height SD a poor marker for
malnutrition in developed countries, and a suboptimal
reference for malnutrition screening methods.
Poor nutritional status and high nutritional risk scores
have been correlated with increased LOS and treatment
costs in several studies [1, 4, 8, 10, 13, 14]. The largest
study assessing the relation between LOS and nutritional
risk screening found coefficients ranging from 1.4 for
PYMS and STAMP to 1.8 for STRONGkids between lowrisk and high-risk groups [4]. In our study, acute
malnutrition was borderline significantly associated with
longer hospital stay, while the difference in LOS between
STRONGkids risk categories (4 days in low- and mediumrisk and 12 days in high-risk groups) was not statistically
significant, possibly due to our small sample size. A recent
meta-analysis stresses that the observed association
between nutritional risk screening and LOS has not been
shown to be causal [5].
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In conclusion, it is important to recognize the children
at risk of becoming malnourished. Early intervention
preserves quality of life and diminishes costs and length
of hospital stay. Bearing in mind the possible pitfalls,
universal and easily applicable screening for malnutrition
in inpatients is encouraged.

3.

4.

5.

Additional file
6.
Additional file 1: Table S1. Questions in each of the screening methods:
the Pediatric Yorkhill Malnutrition Score (PYMS), the Screening Tool for the
Assessment of Malnutrition in Paediatrics (STAMP), and the Screening Tool
for Risk of Impaired Nutritional Status and Growth (STRONGkids). (DOC 30 kb)
Abbreviations
BMI: Body mass index; LOS: Length of stay; PYMS: Pediatric Yorkhill
Malnutrition Score; SD: Standard deviation; STAMP: Screening Tool for the
Assessment of Malnutrition in Paediatrics; STRONGkids: Screening Tool for Risk
of Impaired Nutritional Status and Growth
Acknowledgements
We are indebted to all families participating in the study.
Funding
None.
Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.
Authors’ contributions
JT designed the study together with LMS, HOK, and KLK, prepared the first
version of the manuscript, and is responsible for the statistical analysis. JH
gathered the data. All authors contributed to the writing of the manuscript
and reviewed and approved the final version.
Ethics approval and consent to participate
The study protocol was approved by the Ethics committee of Helsinki
University Hospital. All families gave their written informed consent.

7.

8.

9.
10.
11.

12.

13.
14.
15.
16.

17.
18.

Consent for publication
Not applicable.

19.

Competing interests
The authors declare that they have no competing interests.

20.

Publisher’s Note

21.

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Children’s Hospital, Helsinki University Hospital and University of Helsinki,
P.O. Box 281, FI-00029 HUH Helsinki, Finland. 2Clinical Nutrition Unit, Internal
Medicine and Rehabilitation, Helsinki University Hospital and University of
Helsinki, Helsinki, Finland. 3Tampere University and Tampere University
Hospital, Tampere, Finland.
Received: 23 August 2018 Accepted: 18 March 2019

References
1. Hecht C, Weber M, Grote V, Daskalou E, Dell’Era L, Flynn D, et al. Disease
associated malnutrition correlates with length of hospital stay in children.
Clin Nutr. 2015;34:53–9.
2. Huysentruyt K, Goyens P, Alliet P, Bontems P, Van Hautem H, Philippet P, et
al. More training and awareness are needed to improve the recognition of
undernutrition in hospitalised children. Acta Paediatr. 2015;104:801–7.

Page 4 of 4

Agostoni C, Axelson I, Colomb V, Goulet O, Koletzko B, Michaelsen KF,
et al. The need for nutrition support teams in pediatric units: a
commentary by the ESPGHAN committee on nutrition. J Pediatr
Gastroenterol Nutr. 2005;41:8–11.
Chourdakis M, Hecht C, Gerasimidis K, Joosten KF, Karagiozoglou-Lampoudi T,
Koetse HA, et al. Malnutrition risk in hospitalized children: use of 3 screening
tools in a large european population. Am J Clin Nutr. 2016;103:1301–10.
Huysentruyt K, Devreker T, Dejonckheere J, De Schepper J, Vandenplas
Y, Cools F. Accuracy of nutritional screening tools in assessing the risk
of undernutrition in hospitalized children. J Pediatr Gastroenterol Nutr.
2015;61:159–66.
McCarthy H, Dixon M, Crabtree I, Eaton-Evans MJ, McNulty H. The
development and evaluation of the screening tool for the assessment of
malnutrition in paediatrics (STAMP(c)) for use by healthcare staff. J Hum
Nutr Diet. 2012;25:311–8.
Gerasimidis K, Keane O, Macleod I, 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.
Huysentruyt K, Alliet P, Muyshont L, Rossignol R, Devreker T, Bontems P, et
al. The STRONG(kids) nutritional screening tool in hospitalized children: a
validation study. Nutrition. 2013;29:1356–61.
Ling RE, Hedges V, Sullivan PB. Nutritional risk in hospitalized children: an
assessment of two instruments. Eur J Clin Nutr Metab. 2011;6:153–7.
Moeeni V, Walls T, Day AS. Nutritional status and nutrition risk screening in
hospitalized children in New Zealand. Acta Paediatr. 2013;102:e419–23.
Moeeni V, Walls T, Day AS. The STRONGkids nutritional risk screening tool
can be used by paediatric nurses to identify hospitalised children at risk.
Acta Paediatr. 2014;103:e528–31.
Galera-Martinez R, Morais-Lopez A, Rivero de la Rosa MD, Escartin-Madurga L,
Lopez-Ruzafa E, Ros-Arnal I, et al. Reproducibility and inter-rater reliability of 2
paediatric nutritional screening tools. J Pediatr Gastroenterol Nutr. 2017;64:e65–70.
Cao J, Peng L, Li R, Chen Y, Li X, Mo B, et al. Nutritional risk screening and
its clinical significance in hospitalized children. Clin Nutr. 2014;33:432–6.
Wonoputri N, Djais JT, Rosalina I. Validity of nutritional screening tools for
hospitalized children. J Nutr Metab. 2014;2014:143649.
Moeeni V, Walls T, Day AS. Assessment of nutritional status and nutritional
risk in hospitalized iranian children. Acta Paediatr. 2012;101:e446–51.
Saari A, Sankilampi U, Hannila M-, Kiviniemi V, Kesseli K, Dunkel L. New
finnish growth references for children and adolescents aged 0 to 20 years:
length/height-for-age, weight-for-length/height and body mass index-forage. Ann Med 2011; 43: 235–248.
Sorva R, Tolppanen EM, Perheentupa J. Variation of growth in length and
weight of children. I. Years 1 and 2. Acta Paediatr Scand. 1990;79:490–7.
Sorva R, Lankinen S, Tolppanen EM, Perheentupa J. Variation of growth in height
and weight of children. II. After infancy. Acta Paediatr Scand. 1990;79:498–506.
Grek J, Puntis J. Nutritional assessment of acute medical admissions is still
done badly despite ‘nutrition screening’. Arch Dis Child. 2013;98:922–3.
Gerasimidis K, Macleod I, Finlayson L, McGuckin C, Wright C, Flynn D, et al.
Introduction of paediatric yorkhill malnutrition score--challenges and impact
on nursing practice. J Clin Nurs. 2012;21:3583–6.
Becker P, Carney LN, Corkins MR, Monczka J, Smith E, Smith SE, et al.
Consensus statement of the academy of nutrition and dietetics/american
society for parenteral and enteral nutrition: indicators recommended for the
identification and documentation of pediatric malnutrition (undernutrition).
Nutr Clin Pract. 2015;30:147–61.

