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Abstract: To prevent the development of malnutrition in hospitalized children, it is important to develope an early
identification of nutritional depletion, ideally at the time of admission to the hospital. In 2009 Hulst et al. proposed new
guidelines for assessing the nutritional status of hospitalized children called STRONGkids questionnaire (Screening Tool Risk
on Nutritional Status and Growth). This study was designed to describe the current prevalence of malnutrition on admission to
a pediatric gastroenterology hospital unit and to compare the value and feasibility of STRONGKkids scoring system versus
anthropometric World Health Organization (WHO) criteria in identifying children at risk of developing malnutrition during
hospital stay. The prospective observational study involved 124 children hospitalized at the Department of Pediatrics,
University Hospital Center Zagreb. Nutritional status and risk for malnutrition were estimated by STRONGKkids questionnaire
and anthropometric measurements of subjects. Statistical analysis was performed using the computer program STATISTICS
10, StatSoft. Inc. 1984-2011; using descriptive statistics, Fisher's exact (FE) test and non-parametric Kruskal-Wallis (KW) test.
Total malnutrition was observed in 18.5% of patients. Larger number of children at risk for malnutrition were identified by
STRONGKkids questionnaire than by anthropometric measurements (STRONGkids questionnaire: 75.8%; anthropometric
measures: 40.3%). Patients that lost weight during hospitalization (33.1%) were further analyzed: 8/41 were not detected to be
at risk by either method, 11/41 were identified by STRONGkids and anthropometry, and 22/41 were detected only by
STRONGKkids (Fisher's exact test p=0,08). This study justifies the inclusion of the STRONGKkids questionnaire in the initial
evaluation of children on admission to the hospital, in order to recognize those who need special nutritional support and thus
prevent the development of malnutrition during hospitalization.
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1. Introduction

Malnutrition is as a state of nutrition in which deficiency,
excess or imbalance of energy, protein, and other nutrients
causes measurable adverse effects on the body and upon
growth that may increase morbidity or mortality [1].
Children who are admitted to the hospital are at risk of
developing malnutrition, especially children with an
underlying disease [2]. Hospital malnutrition and its

adverse consequences were already described in various
countries around the world. Lowest rates have been
reported in developed countries such as Germany (6.1%)
and France (21%); higher rates in developing countries such
as Romania (37%) and Turkey (31.8%); and the highest
rates in undeveloped countries such as Iran (67.07%) [3].
Given the repercussions of malnutrition in patient
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morbidity-mortality, prolonged hospital stay and healthcare
costs, in order to prevent malnutrition and especially
hospital-acquired = malnutrition, nutritional screening
measures must be placed as a first step in an integrated
nutritional care plan for patients during hospitalization. Due
to the lack of a simple and valid nutritional screening tool
routine nutritional screening is rarely carried out in
pediatric patients. Although numerous simple screening
tools have been developed none has been accepted as a
universal tool [4-5]. In 2009 Hulst et al. designed new
guidelines for assessing the nutritional status of hospitalized
children called STRONGkids questionnaire (Screening Tool
Risk on Nutritional Status and Growth) [6]. The aim of this
study is to describe the current prevalence of malnutrition
on admission to a pediatric gastroenterology hospital unit
and compare the value and feasibility of STRONGkids
scoring system versus anthropometric World Health
Organization (WHO) criteria in identifying children at risk
of developing malnutrition during hospital stay.

2. Methods

A prospective observational study was undertaken at the
Division of Pediatric Gastroenterology, University Hospital
Centre Zagreb in the period January-April in 2013 and in the
same period in 2014. Children were evaluated on admission.
Inclusion criteria were child’s age above 1 month,
parent/guardian consent to participate and availability within
the first 24 h for the interview and expected hospital stay of
minimum 48 hours. The nutritional status of hospitalized
children has been evaluated by one, always the same
investigator in two ways: using nutritional risk screening
tool, called STRONGkids and using anthropometric WHO
criteria. The parents and, when possible, the patients were
interviewed using STRONGkids questionnaire (Table 1)
within 48 h of hospital admission. The points awarded by
STRONGKkids questionnaire were totaled and then used to
classify the patient’s nutritional status called STRONGKkids
score. A total score of 0 points classified the patients as
low/not at risk; 1-3 classified the patients as at moderate risk;
and 4-5 classified patients as high risk.

Table 1. STRONGkKids (Screening Tool Risk on Nutritional Status and Growth) questionnaire.

* Hospital No ¢ Date of hospital admission
* Name ¢ Height/length
* Surname * Weight
* Sex . .
¢ Date of hospital discharge
° Age * Weight
* Diagnosis
STRONGEKids
@) S et o * [s the patient in a poor nutritional status judged by subjective clinical assessment NO
(diminished subcutaneous fat and/or muscle mass and/or hollow face)? YES 1
(2) High risk disease ¢ s there an underlying illness with a risk of malnutrition or expected major surgery NO 0
YES 2
¢ Are one of the following items present?
Excessive diarrhoea (5 per day) and/or vomiting (>3 times/day) the last few days? NO 0
(3) Nutritional intake and losses Reduced food intake during the last few days before admission (not including fasting for an
elective procedure or surgery)? YES 1
Pre-existing dietetically advised nutritional intervention?
(4) Weight loss or poor weight gain ¢ Is there weight loss or no weight gain (infants <1 year) during the last few weeks/months? I;Igs (1)

Calculate total score (total of items 1-4)

Total nutritional STRONGKids score

Patients were measured using standard anthropometric
equipment immediately upon admission to the hospital,
and also at discharge. Anthropometric data was compared
with WHO international reference standards and expressed
as z-scores for body mass index-for-age (BMI-for-age) to
indicate acute malnutrition and as z-scores for height-for-
age (HFA) to indicate chronic malnutrition [7-8]. A z-
score of more than 2 standard deviation (SD) below the
mean was used to define children as malnourished and a z-
score between -1 SD and -2 SD was used to define
children as moderately undernourished or at risk of
becoming severely undernourished. Statistical analysis
was performed using the computer program STATISTICS
10, StatSoft. Inc. 1984-2011; using descriptive statistics,

Fisher's exact (FE) test and non-parametric Kruskal-Wallis
(KW) test. Statistical significance was set at p< 0.05. All
aspects of the present study were approved by the
University Hospital Center Zagreb Ethical Committee and
by the Ethical Committee of the Zagreb School of
Medicine.

3. Results

In the observed period, 143 children were admitted, and
124 fulfilling the inclusion criteria patients (67 male and 57
female) were included in the study. The median age was
1035 years (range 0.08-17.91 years). Baseline
characteristics are shown in Table 2.
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Table 2. Characteristics of patients; total and divided in three STRONGkids (Screening Tool Risk on Nutritional Status and Growth) nutritional risk groups.

Risk for malnutrition according to STRONGKkids

Total (N=124)

Low risk (N=30)

Moderate risk (N=80) High risk (N=14)

BMI-for-age z-score (median)” -0.46 0.92
Height-for-age z-score (median) 0.25 0.96
Acute malnutrition, N (%) 12 (9.7) 0(0)
Chronic malnutrition, N (%) 13 (10.5) 5(4)
Malnutrition, N (%) 23 (18.5) 5(16.7)
Age (median, years)” 10.35 12.9
Underlying disease, N 51 0
Length of hospital stay (median, 6.5 4

sk

days)

0.56 -2.67
0.24 -0.87
3(2.4) 9(7.3)
5(4) 3(2.4)

7 (8.6) 11 (78.6)
10.36 04

37 14

7 14

Significant difference between low, moderate and high risk group:
* Kruskal-Wallis (KW) test=62.69; p<0.0001

** Kruskal-Wallis (KW) test=21.29; p=0.0001

*** Kruskal-Wallis (KW) test=19.05; p<0.0001

Acute malnutrition was observed in 9.7% of patients, and
chronic malnutrition in 10.5% of patients. Total malnutrition
(defined by the presence of acute and /or chronic
malnutrition) was observed in 18.5% of patients. The points
awarded to each child by STRONGkids questionnaire were
totaled as follows: 30 children (24.2%) had a total
STRONGEkids score 0 points; 27 (21.8%) had 1; 34 (27.4%)
had 2; 19 (15.3%) had 3; 9 (7.3%) had 4 and 5 (4%) patients
had 5 points. STRONGKkids divided the children into three

risk groups: 30 children (24.2%) were scored at low risk, 80
(64.5%) at moderate risk, and 14 (11.3%) children were
considered to be at high nutritional risk (Table 2). A
statistically ~ significant correlation between the total
STRONGkids score and BMI-for-age was observed (KW
test=69.1; p<0.0001; Fig. 1), as well as a significant difference
among BMI-for-age of patients in different risk groups defined
by STRONGkids (KW 62.7; p<0.0001; Fig. 2).

KW test=69.1; p<0.0001
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Figure 1. Correlation of nutritional risk scores (STRONGFkids) and body mass index-for-age (BMI-for-age). The data are presented as nutritional risk score

(scale 0-5) assessed by STRONGFkids tool and median of z-score for BMI-for age.
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KW test=62.7; p<0.0001
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Figure 2. Median body mass index-for-age (BMI-for-age) in the low, medium and high risk group for malnutrition based on the STRONG¥kids scoring system.

Furthermore, the age of children differed significantly
among different risk groups, the younger contributing mostly
to the high risk group (p = 0.0001, Table 2). No correlation
between HFA z-scores and STRONGKkids risk categories was
present (p=0.19). The percentage of children suffering from
an underlying disease increased with each nutritional risk
level: 0% in the low-risk group, 46.3% in moderate-risk
group and 100% in high-risk group. Median duration of
hospitalization was 6.5 days (range 2-64 days). Children with
higher risk for malnutrition stayed longer in hospital (KW
test=19.05; p < 0.0001). Patients that lost weight during
hospitalization (33.1%) were further analyzed: 8/41 were not
detected to be at risk by either method, 11/41 were identified
by STRONGkids and anthropometry, and 22/41 were
detected only by STRONGKkids (Fisher's exact test p=0, 08).

4. Discussion

In this study, the most established way to describe
malnutrition (WHO definition with z-cores) was used [7-8].
The strength of the present study is that one researcher
facilitated and conducted all anthropometric measures, which
eliminated interobserver measurement variability. Age- and
gender specific z-scores calculated using WHO reference
data confirmed the serious issue of malnutrition among

children hospitalized due to gastroenterological diseases. The
detected prevalence of malnutrition on hospital admission is
18.5% and is in accordance with figures form Europe [3].
This high prevalence, almost 1/5 admitted children, can be
partially explained by the specificity of patients. The most
prevalent diagnoses were inflammatory bowel disease and
chronic liver disease, conditions that directly influence
nutritional status [9]. All malnourished children undoubtedly
deserve special nutritional support during hospital stay. It is
reasonable to assume that optimizing nutrition so that the
child is less malnourished (i.e., mild instead of severe) would
result in more favorable outcomes. Using z-scores is a good
method of following these patients, especially in those
severely malnourished, because it enables measuring i.e.
objectivizing improvement upon nutritional interventions in
the subgroup of children with extreme values that would
otherwise be considered just “under the curve”.
Hospitalization itself is a risk for weight lost [10], so
borderline nourished patients can be considered to be at
danger of developing undernutrition. In attempt to maximize
the power of anthropometric measures in identifying all
children that would need nutritional supervision, borderline
nourished patients on admission were added to malnourished
group, mounting to 50/124 patients (40.3%). These patients
can be considered as those at risk. However, the
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STRONGEKids screening tool recognized considerably more
children prone to developing malnutrition; 75.8%.

This difference rises the possibility that STRONGkids
overestimates the nutritional risk. In order to indirectly check
this possibility, we analyzed the subset of 41/124 children
that actually lost weight during hospitalization. Twice more
patients (22/41 versus 11/41) were (correctly) identified to be
at risk using STRONGkids in comparison to the WHO
criteria. Even though the statistical significance was not
confirmed (Fisher's exact test p=0,08), this implicates
STRONGEkids' strength and superiority in identifying
children who are at risk of weight loss during hospitalization
and emphasizes the importance of taking into account other
risk factors in addition to anthropometric measures. In fact,
illness related malnutrition has complex etiology, and
STRONGKids is tailored to address some of these aspects
such as eating habits, nutritional losses and the disease itself
together with the appearance of the patient. It is worth
mentioning that even with STRONGkids tool 8/41 patients
that lost weight were not recognized as being at risk. This
leaves the possibility to look for some other important risk
factor and maybe use it to modify STRONGKkids. Since the
data on malnutrition of children admitted to hospital are
strictly dependent on the methods used for its recognition
[11], it is important to have a simple and reliable tool and try
to improve the existing ones.

Taking in consideration that the STRONGkids score
depends on no actual body measurements, we compared the
anthropometric data with data obtained by STRONGKkids to
validate its reliability for recognizing malnutrition risk. We
found a significant relationship of the current nutritional
status with STRONGkids (BMI-for-age z-score was
negatively correlated with STRONGKkids risk categories). We
also found a significant relationship between having a “high
risk” score and younger age of the children. These results are
in accordance not only with findings of the original
publication of the STRONGKkids in Dutch population but also
with another recent study that tested the use of the
STRONGKkids in Italian hospitalized children [6, 12]. This
altogether confirms the validity of the STRONGkids
questionnaire in different countries, as well as in Croatia.

The newest prospective European multi-center cohort
study proved that malnutrition is associated with longer
length of hospital stay [13]. Our results confirmed that
children with lower BMI-for-age stayed longer in hospital,
and we found a significant relationship between having a
“high risk” score and prolonged hospital stay. This is in
concordance to previous studies concerning STRONGkids
[6, 14-15].

Our study demonstrated that STRONGEkids screening tool
is easy to use and convenient (one examiner is sufficient, no
time consumption and no possibility of measurement errors),
it gives reliable information on nutritional status (correlation
of results with BMI-for-age) and is superior to the classical
criteria of WHO in identifying hospitalized children at
nutritional risk.

5. Conclusions

This study showed that malnutrition in children with
gastrointestinal diseases is present among children admitted
to a Croatian hospital in a percentage similar to other
European countries [9]. Results from STRONGkids
screening tool correlated well with BMI-for-age, the
anthropometric World Health Organization (WHO) criteria
for malnutrition. However, STRONGKkids questionnaire was
superior to anthropometric WHO criteria in detecting
patients at risk for malnutrition and in identifying those
children who actually lost weight during hospitalization.
This study demonstrated the STRONGkids screening tool
credibility and convenience. We recommend engaging
STRONGEkids questionnaire in the initial evaluation of
children on admission to the hospital, in order to timely
identify individuals in need of specially planned nutritional
support. The appreciation of nutritional teams and the
importance of malnutrition need to be strengthened in
pediatric hospitals.

Ethical Approval

All procedures performed in studies involving human
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the institutional and/or national research committee and with
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Ethical Committee and by the Ethical Committee of the
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