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Abstract

Introduction: Hospital-acquired malnutrition remains high in children and
is associated with poor prognoses, such as longer hospital stays and higher
mortality. This study investigated the effectiveness of the Screening Tool for
Risk on Nutritional status and Growth (STRONGkids) and C-reactive protein
(CRP) in predicting hospital-acquired malnutrition in children.

Methods: This observational cohort study was performed in a single tertiary
referral hospital between January and October 2020. Children who met the study
criteria were recruited on admission and followed until hospital discharge. Their
STRONGKkids score and blood CRP levels were measured within 24 hours of
admission. On discharge, hospital-acquired malnutrition was determined based
on a weight loss of 2-5% over 1 week, 5-10% over 1 month, or > 10% over
more than 1 month. The associations of STRONGkids scores and blood CRP
levels with hospital-acquired malnutrition were assessed using the Chi-square
test, considering a significance of p < 0.05.

Results: This study included 109 children, of which 55 (50.5%) were male
and 54 (49.5%) were female, with a mean age of 6.1 years. Fifty-one of the 109
children (46.8%) were classified as having hospital-acquired malnutrition. The
incidences of hospital-acquired malnutrition in subjects with high-, moderate-,
and low-risk STRONGKkids scores were 67.6%, 64.7%, and 29.3%, respectively.
Subjects with high- and moderate-risk STRONGKkids scores were twice as likely
to have hospital-acquired malnutrition than subjects with low-risk STRONGkids
scores (relative risk [RR] = 2.1; 95% confidence interval [CI]: 1.3-3.6, p <
0.001, and RR = 2.0, 95% CI = 1.0-3.8, p = 0.008, respectively). In addition,
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the incidences of hospital-acquired malnutrition in
children with high and low CRP levels were 68.3% and
33.8%, respectively. This study shows that children
with high CRP levels are approximately twice as likely
to have hospital-acquired malnutrition than children
with low CRP levels (RR = 2.0, 95% CI: 1.3-2.9, p <
0.001). This study’s multivariate analysis showed that
CRP levels were better predictors of hospital-acquired
malnutrition than STRONGKkids scores.

Conclusion: The STRONGKkids nutritional risk
screening tool and blood CRP levels were effective
in identifying children at risk of hospital-acquired
malnutrition. We recommend that STRONGKkids
scores and blood CRP levels are routinely measured
on admission. CRP levels were better at predicting
hospital-acquired malnutrition in children than the
STRONGKids nutritional risk screening tool.
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Introduction

Hospital-acquired malnutrition in children remains
high and has become a serious problem for pediatric
hospitalists. It is associated with poor prognoses,
including longer hospital stays, higher hospital
expenses, greater need for additional nutrition support,
higher infection risk, and higher mortality [1, 2]. Many
nutritional screening tools for identifying those at risk
of hospital-acquired malnutrition have been created
and published [3-6]. They have been implemented in
many countries [7-13], including in our hospital [14].

The Screening Tool for Risk on Nutritional
status and Growth (STRONGKids) is one nutritional
screening tool widely used to assess hospital-acquired
malnutrition risk in children in many countries [15, 16].
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A study in Brazil reported that the STRONGKkids tool
had greater sensitivity in predicting hospital-acquired
malnutrition than the anthropometric measurement.
However, it has low sensitivity and a high false
positive rate when analyzing weight loss during
hospitalization [15, 16]. Another study found that the
STRONGKids tool showed good clinical performance
in assessing malnutrition risk in hospitalized children
[17]. Our hospital has used the STRONGkids tool for
several years [14] since it is practical and easily used
by nurses or dieticians.

The STRONGKkids tool was created by Hulst et
al. in 2010 and assessed 4 areas: (1) subjective global
assessment, (2) high-risk disease, (3) nutritional intake
and losses, and (4) weight loss or poor weight increase.
Each item has a score of 1-2 points, with a maximum
total score of 5 [4]. Patients are classified as having
a high, moderate, and low malnutrition risk based on
total scores of 4-5, 1-3, and O points, respectively.

All pediatric patients commonly have disease-
related inflammatory processes. The inflammatory
process, characterized by increased C-reactive
protein (CRP) levels, is associated with poor
prognoses [18]. High CRP levels are associated with
high malnutrition risk and a poor prognosis for the
underlying disease [19].

Therefore, we investigated the usefulness of the
STRONGkids tool and CRP levels in predicting
malnutrition risk during hospitalization in pediatric
patients.

Patients and methods

This observational cohort study was conducted
in a single tertiary referral hospital between January
and October 2020. It included all children with non-
surgical diseases admitted to the Paediatric Ward who
met the inclusion criteria: (1) aged between 1 month
and 18 years, (2) admitted to the hospital for > 2 days,
and (3) whose parents agreed to their participation in
this study and signed in the informed consent form.
The exclusion criteria were: (1) suffering from severe
edema or severe dehydration, (2) admission to the
Intensive Care Unit, and (3) death before hospital
discharge. This study was approved by the Ethics
Committee of Udayana University — Sanglah General
Hospital (Bali, Indonesia; approval number: 1842/
UN14.2.2.VIL.14/LT/2020).

Within 24 hours of hospital admission, the
STRONGKkids score, blood CRP levels, and body
weight of all children that met all inclusion criteria and
no exclusion criteria were measured. Then, they were
followed until hospital discharge. On their final day in
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the hospital, their body weight was remeasured and
compared to their body weight at admission. Hospital-
acquired malnutrition was defined as a decrease in
body weight during hospitalization of 2-5% over 1
week, 5-10% over 1 month, or > 10% over > 1 month
[20]. Blood CRP levels were determined using a
particle-enhanced immunoturbidimetric assay. In this
assay, human CRP agglutinates with latex particles
coated with monoclonal anti-CRP antibodies, and
the precipitate is determined turbidimetrically. Blood
CRP levels were classified as high or low based on
CRP concentrations of > 10 mg/L. and < 10 mg/L,
respectively. Nutritional status was determined by
comparing their body mass index-for-age (BMIFA)
z-score to the World Health Organization growth
chart. Children were classified as malnourished if their
BMIFA z-score was < -2 standard deviations (SDs)
and obese if the BMIFA z-score was > +3 SDs in
children aged < 5 years or > +2 SDs in children aged
> 5 years [21].

The STRONGKkids nutritional risk screening tool
used in this study was based on that of Hulst et al.
[4]. It comprised 4 questionnaire items, each with
a score of 1-2 points. The first item was subjective
clinical assessment (1 point). The second item
was high-risk disease (2 points). The third item
was nutritional intake and losses (1 point). The
fourth item was weight loss or poor weight gain (1
point). Trained nurses performed the STRONGkids
assessment on all children within the first 24 hours of
hospital admission. Tab. 1 shows the STRONGKkids
nutritional risk screening tool.

The minimal sample size was 86 subjects to detect
20% differences between groups with an alpha of 0.05
and a power of 80%. Categorical data were presented
as absolute values and percentages, and numerical

www.jpnim.com Open Access

values as means and standard errors. At the end of
the study, the children were divided into hospital-
acquired malnutrition and non-hospital-acquired
malnutrition groups. A Chi-square test was used to
assess differences in categorical variables between
groups. An independent t-test was used to assess
differences in numerical variables between groups.
A p < 0.05 was considered statistically significant.
Relative risks (RRs) and 95% confidence intervals
(CIs) were also calculated. A logistic regression
multivariable model was used to compare variables
between groups. Data analyses were performed with
the SPSS® software (version 20.0).

Results

During the study period, 109 children met all
inclusion criteria and no exclusion criteria, of which
55 (50.5%) were male and 54 (49.5%) were female,
with a mean age of 6.1 years. Hospital-acquired
malnutrition was present in 51 (46.8%) children.
Based on the STRONGkids score, 34 (31.2%)
children were classified as at high risk, 17 (15.6%)
as at moderate risk, and 58 (53.2%) as at low risk of
malnutrition. In addition, 41 (37.6%) children had
high CRP levels, and 68 (62.4%) children had low
CRP levels. Tab. 2 shows the basic characteristics
of the children. Tab. 3 presents the associations be-
tween hospital-acquired malnutrition and gender,
age, nutritional status at admission, underlying dis-
eases, and hospital stay length. No variable showed
a statistically significant association (p > 0.05).
Tab. 4 presents the associations between hospital-
acquired malnutrition and STRONGEkids and blood
CRP levels; both were statistically significant (p <
0.05). Tab. S presents a multivariate analysis of the

Table 1. Screening Tool for Risk on Nutritional status and Growth (STRONGKkids) [4].

| Points
tem Yes No
Subijective clinical assessment:

Is the patient in a poor nutritional status judged by subjective clinical assessment (diminished 1 0
subcutaneous fat and/or muscle mass and/or hollow face)?

High-risk disease: 2 0

Is there are underlying illness with a risk of malnutrition or expected major surgery (list below 2)?

Nutritional intake and losses:

Are one of the following items present? Excessive diarrhea (> 5 per day) and/or vomiting (> 3 times/
day) during the last few days? Reduced food intake during the last few days before admission (not 1 0
including fasting for an elective procedure or surgery)? Pre-existing dietetically advised nutritional
intervention? Inability to consume adequate intake because of pain?

Weight loss or poor weight gain:

Is there weight loss or no weight gain (infants < 1 year) during the last few weeks/months?

1 0

a List of the high-risk diseases: anorexia nervosa, burns, bronchopulmonary dysplasia (maximum age 2 years), celiac disease, cystic
fibrosis, dysmaturity/prematurity (corrected age 6 months), cardiac disease, chronic infectious disease (AIDS), inflammatory bowel
disease, cancer, liver disease, chronic kidney disease, chronic pancreatitis, short bowel syndrome, muscle disease, metabolic disease,
trauma, mental handicap/retardation, expected major surgery, not specified (classified by doctor).

Classification risk score: high risk, 4-5; moderate risk, 1-3; and low risk, 0.
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Table 2. General characteristics of subjects.

Characteristic Number Percentage
Gender Male 55 50.5
Female 54 49.5

| Age (year), mean x SE 6.1+0.5

Malnourished 23 211
Nutritional status at admission Well-nourished 76 69.7
Obese 10 9.2
Acute infection 47 43.1
Diagnosis Chronic infection 12 11.0
Chronic non-infection 50 45.9
Decreased 58 53.2
Body weight on discharge Not changed 47 43.1
Increased 4 3.7
. . - Yes 51 46.8
Hospital-acquired malnutrition No 58 530
| High risk 34 31.2
STRONGKkids classification risk Moderate risk 17 15.6
Low risk 58 53.2
| High (=10 mg/L) 41 37.6
GRS Low (<10 mg/L) 68 62.4

CRP: C-reactive protein; SE: standard error; STRONGKkids: Screening Tool for Risk on Nutritional status and Growth.

Table 3. Association between hospital-acquired malnutrition and some variables.

Variable Hospital-acquired malnutrition p
Yes No
Male, n (%) 25 (45.5) 30 (54.5) .
S Female, n (%) 26 (48.1) 28 (51.9) 0.778
| Age (year), mean x SE 52+0.7 6.7 +0.7 0.162°
Length of hospital stay, mean + SE 8.2+0.9 71+0.6 0.377°
- Malnourished, n (%) 12 (52.2) 11 (47.8)
2‘:;::2:;*: statusat Myl nourished, n (%) 36 (47.4) 40 (52.6) 0.494°
Obese, n (%) 3(30.0) 7 (70.0)
Acute infection, n (%) 25 (53.2) 22 (46.8)
Diagnosis Chronic infection, n (%) 6 (50.0) 6 (50.0) 0.4172
Chronic non-infection, n (%) 20 (40.0) 30 (60.0)

aChi-square test; "independent t-test.
SE: standard error.

Table 4. Bivariate analysis between hospital-acquired malnutrition, the Screening Tool for Risk on Nutritional status and
Growth (STRONGKkids) and C-reactive protein (CRP) levels.

Variable Hospital-acquired malnutrition RR (95% CI) pe
Yes No
. | High risk, n (%) 23 (67.6) 11 (32.4) 2.1 (1.3-3.6) < 0.001
Z; :‘gf'i“g't‘if:risk Moderate risk, n (%) 11 (64.7) 6 (35.3) 2.0 (1.0-3.8) 0.008
Low risk, n (%) 17 (29.3) 41 (70.7) 1 -
CRP levels High (=10 mg/L), n (%) 28 (68.3) 13 (31.7) 2.0 (1.3-2.9) < 0.001
Low (<10 mg/L), n (%) 23 (33.8) 45 (66.2) 1 -

aChi-square test.
CRP: C-reactive protein; RR: relative risk (to compare the risk of hospital-acquired malnutrition in one group with another group);
STRONGkids: Screening Tool for Risk on Nutritional status and Growth.

Table 5. Multivariate analysis of variables.

Variable aOR 95% CI p?
| High CRP levels 3.8 1.1-135 0.033
| High-risk STRONGkids scores 2.0 1.0-4.0 0.040

Male gender 0.8 0.3-2.2 0.784
| Aged 1.1 1.0-1.2 0.032

Length of hospital stay 1.0 0.9-11 0.726

Nutritional status at admission 1.2 0.8-1.9 0.234
| Diagnosis 1.6 0.9-2.7 0.054

@l ogistic regression test.
aOR: adjusted odds ratio; Cl: confidence interval; CRP: C-reactive protein; STRONGkids: Screening Tool for Risk on Nutritional status and Growth.
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variables, simultaneously considering all variables in
Tab. 3 and Tab. 4. Hospital-acquired malnutrition
was significantly associated with high CRP levels,
high-risk STRONGKkids scores, and age (p < 0.05).

Discussion

This study found that hospital-acquired mal-
nutrition was present in 51 of 109 hospitalized
children (46.8%), higher than the reported incidences
of 24% and 17% in 2010 and 2012, respectively
[20, 22]. Therefore, hospital-acquired malnutrition
incidence has almost doubled at our hospital within
the past 10 years. Several factors possibly influence
the complexity of the underlying diseases and the
severity of the inflammatory process related to them
in our study subjects. Approximately 56.9% of our
subjects suffered from chronic diseases, such as
human immunodeficiency virus (HIV) infection,
tuberculosis, congenital heart disease, malignancy,
cerebral palsy, and epilepsy. Chronic diseases are
related to the severe inflammatory process and poor
prognosis, including an increased risk of hospital-
acquired malnutrition [23].

According to the STRONGkids nutritional
screening tool classification, 31.2% of children were
at high malnutrition risk, 15.6% at moderate risk, and
53.2% at low risk. Our previous study found that 12.4%
were at high risk and 87.6% were at moderate risk;
no low-risk classification was considered [14]. In this
study, most children were at lower malnutrition risk,
potentially reflecting that most of our subjects were
well-nourished and had a low inflammation status, as
indicated by their low CRP levels. The incidences of
hospital-acquired malnutrition in subjects with high-,
moderate-, and low-risk STRONGKkids scores were
67.6%, 64.7%, and 29.3%, respectively. Subjects
with high- and moderate-risk scores were twice as
likely to have hospital-acquired malnutrition than
low-risk subjects. Other studies reported that the
STRONGKkids nutritional screening tool showed
good clinical performance in predicting hospital-
acquired malnutrition in children [14-17].

Inflammation is characterized by high CRP
levels and is associated with a high risk of hospital-
acquired malnutrition [24]. Disease-related mal-
nutrition mechanisms are poor food intake, food
malabsorption, and increased energy requirement,
which cause weight loss during hospitalization.
This study shows that children with high CRP
levels are approximately 4 times more likely to
have hospital-acquired malnutrition than children
with low CRP levels. The incidences of hospital-
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acquired malnutrition in children with high and low
CRP levels were 68.3% and 33.8%, respectively.
A previous study reported that children with high
CRP levels in hospitals had a high malnutrition risk
and poor prognosis for their underlying diseases
[18, 19]. This study’s multivariate analysis showed
that CRP levels were better predictors of hospital-
acquired malnutrition than STRONGEkids scores.
Therefore, we recommend routinely measuring CRP
levels in hospitalized children at initial admission. In
addition, age was associated with hospital-acquired
malnutrition risk, especially in younger children.

Future studies on predicting hospital-acquired
malnutrition need to evaluate combining inflam-
matory markers such as CRP with nutritional risk
screening tools such as STRONGKids.

Conclusions

The STRONGkids nutritional risk screening
tool and blood CRP levels effectively predicted
hospital-acquired malnutrition risk in children. We
recommend routinely measuring the STRONGkids
score and blood CRP levels at initial admission. CRP
levels were better at predicting hospital-acquired
malnutrition in children than the STRONGkids
nutritional risk screening tool.

Acknowledgments

We thank the children and their parents for participating in this study.
We also thank the medical staff for participating in measuring and
collecting its data.

Ethics approval

The current study was approved by the Ethics Committee of Udayana
University — Sanglah General Hospital (Bali, Indonesia) with approval
number: 1842/UN14.2.2.VIIL.14/LT/2020.

Declaration of interest

The Authors declare that there is no conflict of interest.

Funding

This work was supported by Lembaga Penelitian dan Pengabdian

Kepada Masyarakat, Universitas Udayana, Bali, Indonesia.
References

1. Gambra-Arzoz M, Alonso-Cadenas JA, Jiménez-Legido M,
Lopez-Giménez MR, Martin-Rivada A, de los Angeles Martinez-

STRONGKkids nutritional screening tool and CRP for identifying hospital-acquired malnutrition in children 5/6



www.jpnim.com Open Access

10.

6/6

Ibeas M, Caiedo-Villarroya E, Pedron-Giner C. Nutrition Risk
in Hospitalized Pediatric Patients: Higher Complication Rate
and Higher Costs Related to Malnutrition. Nutr Clin Pract.
2020;35(1):157-63.

Triarico S, Rinninella E, Cintoni M, Capozza MA, Mastrangelo
S, Mele MC, Ruggiero A. Impact of malnutrition on survival and
infections among pediatric patients with cancer: A retrospective
study. Eur Rev Med Pharmacol Sci. 2019;23(3):1165-75.
Sermet-Gaudelus I, 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(1):64-70.

Hulst JM, Zwart H, Hop WC, Joosten KFM. Dutch national
survey to test the STRONGKids nutritional risk screening tool in
hospitalized children. Clin Nutr. 2010;29(1):106-11.

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(5):751-6.

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 ©) for use by
healthcare staff. ] Hum Nutr Diet. 2012;25(4):311-8.

Carter LE, Shoyele G, Southon S, Farmer A, Persad R, Mazurak
VC, BrunetWood MK. Screening for Pediatric Malnutrition at
Hospital Admission: Which Screening Tool Is Best? Nutr Clin
Pract. 2020;35(5):951-8.
Chourdakis M, Hecht C, Gerasimidis K, Joosten KFM,
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(5):1301-10.
Galera-Martinez R, Mordis-Lopez A, De La Rosa MDCR, Escartn-
Madurga L, Lopez-Ruzafa E, Ros-Arnal I, Ruiz-Bartolomé H,
Rodriguez-Martinez G, Lama-More RA. Reproducibility and inter-
rater reliability of 2 paediatric nutritional screening tools. J Pediatr
Gastroenterol Nutr. 2017;64(3):¢65-70.

Matak Z. Detecting Undernutrition on Hospital Admission —
Screening Tool Versus WHO Criteria. Clin Med Res. 2017;6(3):74.
Oliveira TC, Albuquerque IZ, Stringhini MLF, Mortoza AS, Morais
BA. The nutritional status of hospitalized children and adolescents:
a comparison between two nutritional assessment tools with

anthropometric parameters. Rev Paul Pediatr. 2017;35(3):273-80.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Journal of Pediatric and Neonatal Individualized Medicine - vol. 12 - n. 1 - 2023

Pérez-Solis D, Larrea-Tamayo E, Menéndez-Arias C, Molinos-
Norniella C, Bueno-Pardo S, Jiménez-Trevifio S, Bousoiio-Garcia
C, Diaz-Martin JJ. Assessment of two nutritional screening tools in
hospitalized children. Nutrients. 2020;12(5):1-8.

Tuokkola J, Hilpi J, Kolho KL, Orell H, Merras-Salmio L.
Nutritional risk screening — a cross-sectional study in a tertiary
pediatric hospital. J Health Popul Nutr. 2019;38(1):8.

Sidiartha IGL. Implementation of STRONGKkids in identify risk
of malnutrition in government hospital. Int J Heal Sci. 2018;2(2):
18-24.

da Cruz Gouveia MA, Tassitano RM, da Silva GAP. STRONGKids:
Predictive Validation in Brazilian Children. J Pediatr Gastroenterol
Nutr. 2018;67(3):e51-6.

Maciel JRV, Nakano EY, Carvalho KMB de, Dutra ES.
STRONGKkids validation: tool accuracy. J Pediatr (Rio J).
2019;96(3):371-8.

Teixeira AF, Viana KDAL. Triagem nutricional em pacientes
pedidtricos hospitalizados: uma revisao sistematica. J Pediatr (Rio
1).2016;92(4):343-52.

Sproston NR, Ashworth JJ. Role of C-reactive protein at sites of
inflammation and infection. Front Immunol. 2018;9(4):1-11.
DeBoer MD, Scharf RJ, Leite AM, Férrer A, Havt A, Pinkerton
R, Lima AA, Guerrant RL. Systemic inflammation, growth factors,
and linear growth in the setting of infection and malnutrition.
Nutrition. 2017;33:248-53.

Sidiartha IGL. Isidens Malnutrisi Rumah Sakit Pada Anak Di
Rumah Sakit Umum Pusat Sanglah Denpasar. J Ilm Kedokt Med.
2012;43(1):15-8.

WHO. WHO child growth standards: length/height-for-age, weight-
for-age, weight-for-length, weight-for-height and body mass index-
for-age: methods and development. Available at: https://apps.who.
int/iris/rest/bitstreams/51510/retrieve, date of publication: 2006,

last access: January 2023.

Nesal NNM, Sidiartha GL, Prawirohartono EP, Suandi KG.
Accuracy of modified simple pediatric nutritional risk score to
detect in-hospital malnutrition. Paediatr Indones. 2010;50(5):305.
Kunnumakkara AB, Sailo BL, Banik K, Harsha C, Prasad S, Gupta
SC, Bharti AC, Aggarwal BB. Chronic diseases, inflammation, and
spices: How are they linked? J Transl Med. 2018;16(1):14.
Sidiartha IGL, Wati DK, Subanada IB, Suwarba IGNM. High
C-reactive protein/albumin ratio increased risk of acute malnutrition
during hospitalization in pediatric patients. Int J Health Sci
(Qassim). 2020;4(3):32-8.

Sidiartha - Suwarba - Subanada - Pratiwi


https://apps.who.int/iris/rest/bitstreams/51510/retrieve
https://apps.who.int/iris/rest/bitstreams/51510/retrieve

	Abstract
	Keywords
	Corresponding author
	How to cite
	Introduction
	Patients and methods
	Results
	Discussion
	Conclusions
	Acknowledgments
	Ethics approval
	Declaration of interest
	Funding
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

