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Abstract
Background/objective The nutritional risk in hospitalized children and adolescents is a frequent and under-diagnosed
reality. There is still no consensus regarding the best nutritional screening method in pediatrics, with StrongKids being one
of the existing proposals. A systematic review was performed to evaluate the scientific evidence about StrongKids, with
emphasis on the world frequency of nutritional risk, associations of interest in health, validation and reproducibility studies.
Methods Databases Pubmed, Lilacs, Scielo, ScienceDirect, Web of Science, Scopus and Cochrane Library were searched,
using keyword “StrongKids,” without limit on the year of publication, in English, Spanish, and Portuguese.
Results From 125 papers initially identified, 22 original were included in analysis. The sample size ranged from 43 to 2874,
with a maximum of 44 hospitals. The frequency of nutritional risk (medium or high) ranged from 35.7 to 100%. The
nutritional risk was mainly associated with acute and/or chronic malnutrition already installed, lower anthropometric indexes
and longer length of hospital stay. The method presented satisfactory inter-rater and intra-rater agreements and was validated
in the three studies performed with this proposal.
Conclusions The prevalence of nutritional risk in hospitalized children and adolescents is high. StrongKids is a valid, easy-
to-use, and reproducible method, with significant associations of interest in health.

Introduction

Hospital malnutrition is a frequent and under-diagnosed
reality worldwide [1]. Especially in pediatric patients, it is
associated with impairment of growth, increased suscept-
ibility to infections, longer length of hospital stay, increased
hospital costs, and higher mortality [2, 3].

Nutritional screening consists of a practical, low-cost
method that, applied at the bedside, is capable of pre-
emptively identifying patients at nutritional risk who would
benefit from early intervention, even before anthropometric
deficits are identified by objective measures [4]. In adults
and elderly, nutritional screening is well established, with

validated and internationally recommended methods for
different clinical contexts. With regard to risk screening in
children and adolescents, however, there is still no con-
sensus and the available tools are still little used [5].

Currently, there are six nutritional screening methods
available for hospitalized children and adolescents [5]: (1)
Nutrition Risk Score (NRS) [6]; (2) Pediatric Nutritional Risk
Score (PNRS) [7]; (3) Screening Tool for the Assessment of
Malnutrition in Pediatrics (STAMP) [8]; (4) Subjective Global
Nutritional Assessment (SGNA) [2]; (5) Paediatric Yorkhill
Malnutrition Score (PYMS) [9]; and (6) Screening Tool Risk
on Nutritional Status and Growth (StrongKids) [10].

StrongKids was developed by Hulst et al. [10] in a mul-
ticenter study in the Netherlands involving 44 hospitals and
424 children and adolescents (from 1 month to 18 years). The
method evaluates important aspects that exert nutritional
impact: the presence of high risk disease or major surgery
planned; subjective loss of muscle or fat; decreased food
intake; presence of diarrhea, nausea, vomiting and pain;
weight loss or poor weight increase. Each item is assigned a
score that, added, informs the presence of nutritional risk: 0
points: low risk (LR); 1–3 points: medium risk (MR); 4–5
points: high risk (HR). According to each category, the
intervention and nutritional monitoring guidelines are
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presented. The StrongKids questionnaire and the recommen-
dations for intervention and follow-up are presented online in
a supplementary table (Supplementary Table 1).

In a recent systematic review of the clinical performance
and accuracy of different nutritional screening tools in
pediatrics, StrongKids was considered a method of good
clinical performance [11]. In another comparative study on
the methodological aspects of the existing proposals, it was
concluded that StrongKids seems to be the most practical,
easy and reliable method to assess nutritional risk in this
group [5]. It suggests its superiority among existing pro-
posals, although there is still no method considered ideal for
this purpose [5, 11, 12].

To choose a method of nutritional screening, it is
necessary to evaluate its potentialities, mainly related issues
associated with outcomes of interest in health, reproduci-
bility and validity [4]. Furthermore, it is important to know
the real magnitude of the problem, to justify actions of
prevention, control, and monitoring. In this context, this
systematic review aims to evaluate the available scientific
evidence on StrongKids as a method of nutritional

screening, with the following specific purposes: (1) to know
the prevalence of nutritional risk in children and adolescents
evaluated by Strongkids; (2) to verify the association of
nutritional risk assessed by this method with variables of
interest in health; and (3) to evaluate the evidence of its
validity and reproducibility.

Methods

The review was based on the recommendations of Preferred
Reporting Items for Systematic Reviews (PRISMA) at all
stages of design, implementation, and reporting [13].

Database and search strategy

The bibliographic survey was carried out on March 2018, in
the following databases: Publisher Medline (Pubmed), Latin
American and Caribbean Center on Health Sciences Infor-
mation (Lilacs), Scientific Electronic Library Online
(Scielo), ScienceDirect, Web of Science, Scopus e

Id
en

tif
ic

at
io

n 
Sc

re
en

in
g 

El
ig

ib
ili

ty
 

In
cl

ud
ed

 

Total records: n=190

Full-text articles 
assessed for 
eligibility:  

n=62 

Number of full-text articles excluded n=40 
Review articles (n=26) 
Congress proceedings (n=9) 
Short Communication (n=1)  
Repeated/translation (n= 1) 
StrongKids without separation of categories 
of risk (n=3) 

Number of records excluded after screening 
of title and abstract: n=63 
Language (n=3) 
Book chapter (n=3) 
Editorial (n=4) 
Case report (n=1) 
Guideline (n=1) 
Letter to editor (n= 2) 
Reply to letter to editor (n=1) 
Study did not apply StrongKids (n=48) 

Records screened after 
duplicates removed: 

n=125 

Studies included in 
analysis  

n=22 

Studies from 
references 
list: n=2 

Records identified through database 
searching: n=188 

Pubmed (n=24); Lilacs (n=4); Scielo 
(n=4); Science Direct (n=25); Web of 
Science (n=20); Scopus (n=108); 
Cochrane Library (n=3) 

Studies excluded as duplicate: n=65 

Fig. 1 Flow chart of the
literature search and study
selection procedures, according
to PRISMA recommendation
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Cochrane Library. Hand searches were also performed of
the references in the studies selected in order to identify
non-localized papers in the databases, which were sub-
mitted to the same analysis protocol.

As a keyword, we have chosen to use the name method,
“StrongKids,” since the term is used in its original form,
regardless of the language of publication. The search was
conducted in all fields of articles, including articles in
English, Spanish, and Portuguese, without restriction as to
the publication year.

Eligibility criteria and selection of studies

This review includes original articles that apply StrongKids
as a tool for nutritional screening in children and/or ado-
lescents. We excluded studies that did not present the fre-
quency of risk estimates according to the categories of the
method, as well as review studies, congress publications,
theses, and dissertations.

The selection of the studies was carried out in two phases
by two independent reviewers (Santos, CA and Ribeiro,
AQ), including title/abstract analysis and full text reading.
A third reviewer (Rosa, COB) resolved the disagreements.
The steps included: identification of the articles in the
databases, deletion of the duplicate files, initial selection by
title and abstract reading, and complete analysis of the
manuscripts that met the eligibility criteria. Articles dupli-
cated in different databases were identified using the End-
Note® program.

Systematization of results

The extraction and systematization of the results were car-
ried out using Microsoft Excel® document. The results were
organized following the specific purposes: (1) to know the
prevalence of nutritional risk in children and adolescents
evaluated by StrongKids; (2) to verify the association of
nutritional risk assessed by this method with variables of
interest in health; and (3) to evaluate the evidence of its
validity and reproducibility.

In the analysis of the reproducibility studies we used the
recommendation of Landis and Koch [14] to evaluate
concordance: kappa from 0 to 0.19= poor agreement; 0.20
to 0.39= fair agreement; 0.40 to 0.59=moderate agree-
ment; 0.60 to 0.79= substantial agreement; and 0.81 to
1.00= almost perfect agreement.

Results

Initial screening identified 190 titles. After removing
duplicate files, 125 papers were analyzed. From these, 63
were excluded by reading the title and abstract, totaling 62Ta
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remaining. After full reading for evaluation of the pre-
established eligibility criteria, 22 original articles were
included in this review. Details of the selection process are
shown in Fig. 1.

The main characteristics of the studies, the prevalence of
nutritional risk according to the categories of StrongKids
and the associations identified is presented in Table 1. The
articles were published as of 2010, year in which the
method was described. The majority of studies were con-
ducted in Europe (50%, n= 11), the age ranged from
1 month to 17.7 years, and 21/22 studies included children
and adolescents of both sexes (in one study, this data were
not available). The studies were predominantly performed
in hospitals (91%; n= 20).

The risk frequency by StrongKids presented great
variability for LR (0–64.3%), MR (33.9–84%), and HR
(1.2–53.8%). The sample size ranged from 43 [12] to 2874
[15] children and adolescents, with a maximum of 44
hospitals evaluated [10].

From 22 studies that described the frequency of risk
according by categories, 16 predominated MR and five LR.
By grouping the categories in which the risk is already
present (MR and HR), it ranged from 35.7 to 100%.

Regarding the associations found, we highlighted
the relationship between the diagnosis or the risk
score of the StrongKids with the longest length of hospital
stay [1, 10,15–26], with the reduction of anthropometric
measures (objective indicators of nutritional status) [1, 10,
12, 20,23–29] and with acute and/or chronic malnutrition
already installed [1, 10, 15, 16, 19, 21, 23, 25, 28–33]. It
was also demonstrated the association between the presence
of risk and outcomes of interest in health, as: weight loss
during hospitalization [1, 17, 24], higher frequency of
administration of nutritional support [15, 20], fever [17, 20],
infectious complications [1], use of antibiotics [20], and
hospital costs [1, 15, 17]. In the only study carried out in a
special school for children with chronic diseases [31], the
nutritional risk evaluated by StrongKids was associated for
the first time with the occurrence of difficulties in per-
forming daily activities, the presence of pain/discomfort and
with a worse health status.

Four reproducibility studies have been identified, pre-
sented in Table 2[17, 19, 25, 32]. It can be observed that
agreement on categorical classification was substantial [14],
both in relation to the inter-rater—kappa variation from
0.61 [17, 25] to 0.72 [19]—as intra-rater agreement—
kappa= 0.66 [25]. Only one article [25] evaluated the
agreement in relation to the numerical score, identifying a
substantial and moderate inter-rater (kappa= 0.60) and
intra-rater agreement (kappa= 0.48), respectively. The
studies included the comparison between the diagnosis
performed by different examiners with the same training—
nurses [25] or pediatric trainees [17]—as well as the

evaluation by professionals with different knowledge—
pediatricians vs. nurses [19, 32], experts vs. non-experts
[19]. The authors of the three studies concluded, in a con-
sensual way, that StrongKids is a reproducible, viable, and
reliable method for use in clinical practice, even when
applied by different professionals and non-experts.

Few studies have validated StrongKids until now, as
shown in Table 3. This analysis was performed by inves-
tigating the ability of the method to predict malnutrition or
reduction of anthropometric measures (concurrent validity)
[12, 23, 25] and/or the evaluation of its relation with out-
comes of interest (predictive validity), as length of hospital
stay [25], weight loss during hospitalization [25], and the
need for nutritional intervention [12, 25]. The higher sen-
sitivity of the StrongKids, to the detriment of the specificity,
stands out both for the detection of children with mal-
nutrition already installed and for the prediction of health
outcomes. In general, the associations found were con-
sidered satisfactory for validation in the three studies per-
formed for this purpose.

Two studies measured the time spending for completing
the StrongKids. Huysentruyt et al. [25] found a median time
of 3 min and Moeeni et al. [32] a range of 1 to 5 min. The
tool was considered easy-to-use and no time-consuming.

From the studies analyzed, only three [16, 19, 32] pre-
sented the detailed calculation of the sample size, while the
others used convenience sample. Regarding the blinding
bias, in only three papers [17, 26, 28] it is clearly stated that
the application of StrongKids and the anthropometric eva-
luation were performed by different examiners, indepen-
dently. In others, it is not possible to conclude whether or
not there was knowledge of the results of the anthropo-
metric evaluation at the moment of interpretation of the
nutritional risk, or vice versa.

Discussion

Based on this extensive literature review, this is the first
systematic review that compiled the scientific evidence
specifically related to StrongKids. From this study, the
magnitude of the nutritional risk in pediatrics was con-
firmed, important associations were identified, and it was
possible to obtain evidence of the reproducibility and
validity of the method.

There was a high concentration of studies in European
countries (11/22), and their use in developing or under-
developed countries is still limited. Considering that, in
general, undeveloped countries have poorer health and
nutrition [34], there is an even more worrying panorama in
these places. Besides the influence on the health and
prognosis of patients, the impact of malnutrition on hospital
costs is significant. Amaral et al. [35] analyzed the hospital

Nutritional risk in pediatrics by StrongKids: a systematic review



costs of patients at nutritional risk and identified that care
costs were more than double when compared to risk-free
patients, representing an average increase of 20% in hos-
pital expenses. Guest et al. [36] also showed that the cost of
patients more than doubled when there is malnutrition. The
nutritional risk, as assessed by StrongKids, was also asso-
ciated with increased hospital costs in the three studies that
investigated this association [1, 15, 17]. The incorporation
of nutritional screening routines, in addition to their low
cost, represents a significant savings strategy when con-
sidering the financial impacts of unidentified nutritional risk
and, consequently, of malnutrition.

Nutritional risk has been evidenced to be a major pro-
blem, reaching significant frequencies in hospitalized chil-
dren and adolescents. The prevalence found warned to the
importance of incorporating routine protocols for nutritional
screening at the time of hospital admission. Particularities
regarding the characteristics of the samples may justify the
great variability found for each category, but in general the
situation is worrisome: from the 22 studies analyzed, 20
(91%) presented more than half of the children and ado-
lescents already in nutritional risk.

The methodology to perform the validation of nutritional
screening tools is not consensual in the literature, since
there is no universally accepted “gold standard” for com-
parison. This evaluation involves, in practice, the analysis
of questions, as reproducibility, applicability, and validity
as to the prediction of malnutrition and other outcomes [5].
The higher sensitivity values, compared to the specificity,
meet one of the desirable characteristics regarding the
methods of screening: not leaving individuals at risk with-
out identification, that is, providing a lower number of false
negatives [37].

Regarding reproducibility studies, although StrongKids
has been developed to be applied by physicians [10], the
results demonstrate good agreement with the evaluation
made by nurses and by the clinical staff not specialized in
pediatric nutrition. This feature represents an important
advantage of the method, since it allows its use by a greater
number of professionals. In practice, in addition to nurses,
StrongKids is also used by dietitians [5].

The applicability of StrongKids is described in the ori-
ginal study [10], in which the tool was completely filled in
98% of the sample. It contributes to this aspect not to need
anthropometric measures, which, in hospital practice, may
not be possible. Studies that use methods in which the
evaluation of body measurements is necessary present loss
rates of up to 17.6%, attributed mainly to the impossibility
of measuring weight and length/height [8, 9].

For a screening instrument to be effective in practice,
another important feature is the time of application. If an
accurate screening instrument can be applied in less time,

resources may be allocated to higher priority nutritional
assistance actions [38]. Because it does not require
anthropometric measures, StrongKids has an additional
advantage with regard to speed. In a comparative study
carried out by Ling et al. [12] in the United Kingdom, the
application of STAMP (which requires measure of weight
and height) was about 10 min longer than Stronkids (15 vs.
5 min).

Although it was developed to be applied in hospitals,
Joosten et al. [31] applied StrongKids in 642 children and
adolescents in special schools for chronically ill children in
the Netherlands. This survey suggests a possible extension
of the use of StrongKids, which may, in the future, expand
the research of associations of interest into specific groups.

The main methodological limitation of the studies was
the lack of satisfactory information to determine if the
interpretation of the nutritional screening was independent
or if there was influence of knowledge of the results of the
reference standard (anthropometric diagnosis). The non-
existence/non-presentation of the calculation and the
detailing of the sample selection also makes it difficult to
infer the extent and representativeness of the samples. The
results demonstrate that the number of studies that evaluated
the reproducibility and validity of StrongKids is still low.
Particularly regarding the validation articles, there is great
variability in the techniques of analysis, which limits the
comparison of the results.

With regard to limitations of this study, although the
search process was intense and detailed, the restriction on
the language of publication may have excluded some work
of interest.

Conclusions

Screening for nutritional risk in pediatrics is a relatively
recent practice when compared to adult care, but no less
relevant. The results show that this is a frequent problem,
even in developed countries, which is associated with
important health outcomes and nutritional impairment
already installed. StrongKids is a valid method with good
reproducibility and predictive capacity, which can be easily
incorporated in clinical practice for the identification of
nutritional risk in children and adolescents.
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