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Abstract Aim: To develop a new screening tool that can quickly assess the risk of undernourishment and evaluate
its correlation with frequently used anthropometric indicators. Methods: A new, easy-to-access screening tool was
developed for clinical practice with 5 items. A total of 650 children were evaluated, with an average age of 54
months. Their global nutritional status was assessed, as well as the proposed new screening tool. Results: We found
that the presence of the item "The patient is in serious condition" was associated with longer days of hospital stay
(18.8 + 4.5, p=0.002), as was the presence of the item "There are factors that increase metabolic and energy demand
(20%)" (14.4 + 1.9, p=0.007). Similarly, we observed a greater risk with the presence of undernourishment [OR=2.8
(95% Cl=2 - 3.9)] and the item “There is functional limitation for feeding” [OR=2.3 (95% Cl=1.4 — 3.5)]. The score
of the new tool differed between those who children who exhibited undernourishment versus those who did not
[2.1 £1.08 vs 1.6 £ 0.99 (p=0.0001)]. Conclusions: The identification of at least 2 items of the new screening tool
could help to detect undernourishment, especially in paediatric populations where, due to the large amount of
admissions.
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1. Introduction

The evaluation of nutritional status is a key component
in the management of hospitalized children. The presence
of undernourishment affects the clinical evolution, increases
length of hospital stay, and results in immunological
suppression and therefore a greater risk of infection,
combined with a greater use of antibiotics, decreased
functional capacity, delayed healing [1,2], and increased
morbi-mortality [3]. In addition, a chronic state of
undernourishment could affect the growth and development
of the child. Undernourishment related to disease in
children can be attributed to the loss of nutrients, a
substantial increase in basal metabolism, a decrease in
nutrient intake, or an altered utilization of nutrients [4].

Hospitalized children are at risk of undernourishment
during their stay; however, changes in anthropometry are
a good indicator for their diagnosis, and these indicators
are well standardized. These include Z scores weight/age,

weight/height, height/age and body mass index (BMI) for
age [5]. Another indicator that is important to determine
the risk of undernourishment is the mid-upper arm
circumference (MUAC), for which only a tape measure
with millimetre marks is necessary. This indicator is a
useful tool in hospitalized children whose weight and/or
height/length cannot be taken, or those who have ascites
or oedema [6]. However, in some hospitals, these
anthropometric measurements are not carried out in
common practice due to lack of health personnel, or
increase in the number of hospital admissions involving a
complicated practice.

The assessment of nutritional status is considered
the best way to achieve accurate identification of
undernourishment in hospitalized paediatric patients; it
requires a series of anthropometric, biochemical, clinical,
and dietetic assessments that together make it possible to
establish the presence and severity of the clinical picture
through the assessment by a professional in the field of
nutrition [7]. As the identification of undernourishment is
not an easy task, requiring trained personnel and the
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availability of certain resources that represent an
investment of time and money, it is necessary to have a
method that is simple, low cost, and with which one can
evaluate all patients upon admission to hospitalization
services. This can be achieved through the application of
nutritional risk screening tools, whose main purpose is to
predict the probability of a better or worse outcome due to
nutritional factors, in addition to estimating whether a
nutritional intervention could affect that probability [8].

The European Society for Paediatric Gastroenterology,
Hepatology and Nutrition (ESPGHAN) has called for the
detection of nutritional risk in hospitalized children [9],
and although there are various risk assessment tools for
undernourishment, none of these tools are universal. Thus,
the objective of this study was to develop a new screening
tool that quickly assesses the risk of undernourishment
and to evaluate its correlation with the frequently used
anthropometric indicators, as well as the prediction
features of clinical outcomes, such as hospital stay, in
hospitalized children.

2. Materials and Methods

2.1. Subjects

This was a longitudinal, prospective study conducted at
the National Institute of Pediatrics in Mexico City.
Children (n=650) admitted to a tertiary paediatric hospital
from January 2018 to July 2018 were recruited. All
patients admitted to hospital were included, except for
those in critical units (intensive care), with an age of >31
days and <18 years; patients were excluded if they had
severe renal or hepatic disease, presence of oedema, or
admission <48 hours. Corrected gestational age was
used for newborns with <37 weeks of gestation. The
demographic data collected included age, gender,
admission diagnosis, anthropometric measurements at
admission and discharge of the patient, as well as days of
in-hospital stay. The study was carried out following the
ethical principles for medical research in humans of the
Declaration of Helsinki.

2.2. New Tool of Risk Undernourishment

The undernourishment risk assessment characteristics
were selected and developed based on current literature
review [4,10-16] and the clinical practice of the experts in
our hospital. A new risk assessment tool was created
(Table 1). The time required to perform the new risk tool
was 5 + 2 minutes.

Table 1. New tool of risk malnutrition

Risk assessment characteristics Present | Absent

1.The patient in in serious condition

2. There are factors that contraindicate food for
more than 24 hours

3. There are factors that increase the metabolic and
energy demand (>20% of the basal energy
expenditure)

4. There is a functional limitation for feeding
oneself

5. The patient presents with a high-risk disease

The first item "The patient is in serious condition"
refers to a condition of seriousness, such as any
patient with intubated mechanical ventilation, and/or
administration of inotropic drugs, and/or any type of
sepsis. Item three "There are factors that increase
metabolic and energy demand in more than 20% of basal
energy expenditure”, such as surgery, trauma, sepsis, and
fever, and item five, "The patient presents a high-risk
disease”, were taken into account for underlying diseases
with risk of malnutrition or related to major surgery
(Supplementary Table 1).

2.3. Assessment of Nutritional Status

The overall nutritional status of the participants was
evaluated through the anthropometric measures weight-
for-age, weight for height/length, height for height, and
BMI for age, and the average circumference of the arm
was measured. The weight was recorded to the 0.1 kg, and
the height/length was recorded to the 0.1 cm using a
fiberglass tape with a precision of 1 mm and a thickness of
0.7 cm. All anthropometric measurements were carried
out by standardized personnel and calibrated equipment.
Nutritional status was determined by Z scores, the
standard deviation scores based on the child growth
reference standards of the World Health Organization
(WHO) (<2 years) and the Centers for Disease Control
and Prevention (CDC) (<2 years). For weight, a TANITA
brand digital scale with precision 100 g was. The patient
was weighed barefoot with a light smock, standing in the
centre of the platform, and the measurement was recorded
in kilograms (kg). The height was measured on a portable
SECA brand stadiometer with sensitivity 0.1 cm using the
following technique: the child, without shoes or socks,
stood upright so that heels, buttocks and head were in
contact with the vertical surface; the heels remained
together and the shoulders were relaxed to avoid the
lordosis that occurs when the shoulders are placed
backwards. The head was kept on the Frankfort plane, and
the reading was made and recorded in centimetres cm [17].

To measure the MUAC, an inextensible MABIS
fibreglass tape of no thicker than 5 mm was used, marked
accurately to 0.1 cm. The child flexed the left arm and
formed a 90-degree angle close to the body; the
prominence of the shoulder acromion and the elbow
olecranon were found, and the distance between the two
points was measured, marking the midpoint. Then, the
child extended the arm, and the midpoint was surrounded
with the tape measure, taking care that the tape did not
exert pressure, and then read, with the data recorded in
centimetres (cm) [18].

2.4. Statistical Analysis

The results were analysed as the means * standard
deviations for data with normal distribution, and median
and interquartile range (25-75) for data that did not
present a normal distribution. Student’s t-test was used for
independent samples to identify the differences in hospital
stay between the presence and absence of each item of the
new tool and to compare the scores of the new tool
between the presence or absence of undernourishment
strata. Logistic regression was used to evaluate the odds
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ratio (OR) of each item with the presence of
undernourishment. The ANOVA with Bonferroni post hoc
test was used to compare the scores of the new tool
between strata of the nutritional state. Criterion validity
was determined with the characteristics of sensitivity,
specificity, positive and negative likelihood ratio,
and post-test probabilities, and corresponding correct
classification percentages of the evaluated instrument with
respect to the reference standard were used. The data were
analysed with the IBM SPSS Statistics programme version
25.0.

3. Results

3.1. Patient Characteristics

The study population consisted of 650 patients in a
tertiary paediatric hospital; 299 were females (46%), and
the average age was 54 months (18-113). The median of
the Z scores of the anthropometrics at admission were as
follows: -1.08 (-2.5, -0.04) for weight-for-age, -0.66
(-1.7, 0.31) for weight for height, -1.03 (-2.2, -0.01)) for
height for age, -0.59 (-1.71, 0.5) for BMI for age, and
-1.21 (-2.46, -0.22) for MUAC. The median length of
hospital stay was 7 days (3-15) for the entire population.
The prevalence of undernourishment by Z score of
weight-for-age was 53.2%, of which 20.3% was mild
undernourishment, 13.4% was moderate undernourishment,
and 19.5% was severe undernourishment.

3.2. Undernourishment Risk Factors and
Characteristics

According to the risk characteristics of undernourishment in
the proposed new tool, we found that the presence of the
item "The patient is in serious condition" was associated
with longer days of hospital stay (18.8 + 4.5, p=0.002), as
were the presence of the item "There are factors that

increase the metabolic and energy demand (20%)" (14.4 =
1.9, p=0.007) and "The patient presents a high-risk
disease" (13.4 + 1.2, p=0.05). A difference in the days of
hospitalization with the remaining items was not seen. The
risk of each of the items for undernourishment measured
by the weight/age Z score was also calculated, and there
was a risk for undernourishment with the item "There are
factors that increase the metabolic and energy demand
(20%)" OR=2.8 (95% CIl= 2-3.9) and the item "There is
functional limitation for feeding” OR=2.3 (95% CI=
1.4 - 3.5) (Table 2).

To evaluate the score of the new tool, we used the
weight-for-age Z score as a reference and compared by
strata of nutritional status, finding a higher average score
of the new tool in severe undernourishment (2.5 £ 1),
followed by moderate undernourishment (2 + 0.9), and
mild undernourishment (1.9 + 1.1) a lower score in normal
strata (1.7 = 1) and overweight/obese children (1.3 £ 0.8)
Interestingly, when stratifying by undernourishment, we
found a higher tool score in those who presented
undernourishment (2.1 + 1.08) compared to those who did
not present undernourishment (1.6 + 0.99) (p=0.0001)
(Figure 1). When analysing the risk undernourishment in
paediatric patients who had 2 or more risk factors of the
new tool (n=403), they had a 2.7 higher probability of
undernourishment according to the weight-for-age Z score
(95% CI, 1.9-3.7, p<0.0001). According to the previous
results, the score of the new tool was categorized as follows:
low risk, 0-1 items (n=247, 38%); moderate risk, 2 items
(n=212, 32.6%); and high risk, >2 items (n=191, 29.4%).

We evaluated the concurrent validity with the
anthropometric parameters, considering the categorization
of the new tool as those that had >2 characteristics of risk
assessment of undernourishment, observing that greater
sensitivity was obtained when comparing it with
weight/height and then BMI for age (Table 3). To evaluate
the validity of predictive criteria, we compared the days of
hospital stay stratified by those who had 2 or more
undernourishment risk factors.

Table 2. Association between risk characteristics and days of hospital stay

Hospital stay (days) OR (95% CIl)*
Risk assessment characteristics Present Absent p p
1. The patient is in serious condition 18.8+45 10.8+0.6 0.002 2.1(1.4-3.1) 0.001
2. There are factors that contraindicate food for more than 24 hours 11.6+2.8 12.8+1.02 0.629 1(0.7-15) 0.685
3. There are factors that increase the metabolic and energy demand (20%) 144+19 10.7+0.7 0.007 28(2-3.9) 0.001
4. There is a functional limitation for feeding oneself 129+1.2 124+1.2 0.852 23(1.4-35) 0.001
5. The patient presents with a high-risk disease 134+1.2 8.41+0.77 0.05 15(1-2.3) 0.035

*Qdds Ratio (OR) for undernourishment, CI: confidence Interval.
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Figure 1. Scoring of the new tool. (A) Score of the new tool stratified by nutritional status. (B) Score of the new tool comparing those who presented
undernourishment vs those who did not present undernourishment by the weight-for-age indicator. a > b > ¢ > d. ***p < 0.001
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Table 3. Concurrent validity for >2 characteristics of risk assessment for malnutrition

Indicators for Detecting Malnutrition Weight/Age Weight/Height Height/Age BMI for age MUAC
Area under the curve (95% Cl) (0.6(()).363?)'.5688) (0.58'7???715) (0.52:?)9634) 0.658 (0.615-0.7) (0.5%2?07.68)
Sensitivity 0.72 0.76 0.71 0.74 0.72
Specificity 0.503 0.41 0.43 0.47 0.504
Likelihood ratio for positive test 1.47 131 1.27 141 1.45
Likelihood ratio for negative test 0.54 0.50 0.65 0.54 0.55
Correct classification (%) 62.3 67 60.8 64.3 62.6

BMI: Body mass index; MUAC: Mid-Upper Arm Circumference; Cl: confidence Interval.

We observed that the average number of hospitalization
days for those who had 2 or more factors was 13.9 + 1.6;
for those with less than 1 factor, it was 10.2 + 0.7
(p=0.043) (Figure 2).

100
== = 1 factor
= = 2 factors

100

0 25 50 75
Days of hospital stay

Figure 2. Longer hospital stays with > 2 factors of the new tool.
Comparison of days of hospital stay for those who had < 1 factor vs > 2
factors of the new tool

4. Discussion

The present study showed that the prevalence of acute
undernourishment at the time of hospital admission was
53.2%, of which 19.5% of children were diagnosed with
severe acute undernourishment; this coincides with studies
that indicate that acute undernourishment in hospitals
ranges from 20 to 53% in developed countries, and up to
60% in those developing countries [19]. A possible explanation
for this finding could be due to the low food availability,
which has been worsening in recent years; it has been
observed that a good diet is not guaranteed in these countries,
as 70% of calories available for human consumption are
supplied in cereals, visible fats, and sugars [20].

On the other hand, in underdeveloped countries whose
hospitals have a high demand for children but few health
personnel, these children are not diagnosed in time after
hospital admission. To diagnose the nutritional status of
patients, we must remember that there is no ideal indicator
and that no isolated parameter has a determining value at
the time of the nutritional assessment; therefore, a test
must be comprehensive, considering the combined clinical
state. Hence, the nutritional assessment should be
considered as the first link in the treatment, as its main
objective is to identify undernourishment so that children
can benefit from rapid and adequate treatment and thus
avoid prolonged hospital complications and future
consequences on growth and development.

We developed a new, rapid, and simple screening tool
to determine the risk of undernourishment in children
hospitalized in hospitals in underdeveloped countries with
insufficient health personnel and high hospital demands.
The tool was made based on the risk characteristics that
we believe impact the paediatric inpatient and that have
been associated with an increased risk of intrahospital
undernourishment. With 5 items, which were analysed
separately, 1 of the items was significantly associated with
the days of hospital stay compared to those without
positive item responses: the first item, "There are factors
that increase metabolic and energy demands more than
20%". This item is relatively logical because the
postoperative patient has increased metabolic demands up
to 120% of their energy expenditure; children with trauma
increase from 135 to 170%, patients with sepsis,
depending on the type and degree, increase from 150 to
170%, and if the patient has a fever, they would increase
their energy expenditure 13% more for each degree above
normal temperature [21]. In addition, this item was
associated with 2.8-fold greater probability of acute
undernourishment compared to those who did not have
this increase in energy demand. Therefore, it is necessary
for these patients to undergo strict nutritional monitoring
from admission and increase their energy intake based on
their energy expenditure in an individualized way.
This will be supported by just asking this question,
thus avoiding longer days of inpatient stay and, by
consequence, higher costs.

Another item of the nutritional tool that was associated
with longer days of in-hospital stay was "The patient has a
high-risk disease"; this is due to the increase in energy
expenditure secondary to the patient’s basic pathology
since admission and during intrahospital stay [22,23].

Another important item was whether "There is
functional limitation when eating”, which makes the
patient 2.3 times more likely to be acutely malnourished
compared to those who did not have feeding limitations on
admission. This is very important because if this limitation
was diagnosed from the time of admission, personalized
early treatment and nutritional support could be given
according to the limited food intake of this patient, which
could improve the child's condition and recovery.

On the other hand, when evaluating the new tool
in a comprehensive way, the 5 risk factors together
were associated with severe and moderate acute
undernourishment. When establishing the cut-off point for
our tool, presenting 2 or more risk factors was associated
with 2.7 times greater probability of having acute
undernourishment regardless of the item. When evaluating
the wvalidity of our tool, we observed a correct
classification greater than 60% in all anthropometric
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indicators. We accept the limitation of this tool by
integrating the 5 items together, as their concurrent
validity was moderate. Nevertheless, the tool’s predictive
criterion validity when comparing days of hospital stay
was significant. We believe that performing this tool on
admission could reduce hospital stay days and thus reduce
hospitalization cost, which consequently could help create
a nutritional support service in the hospital to screen and
diagnose nutritional status in time, as well as the early
treatment of a malnourished patient.

This study also shows that in hospitals where height
and weight are not easy to measure, the MUAC can be
used, as in childhood there are few changes, and it is an
indirect indicator of body mass [24]. In this sense and with
the intention of providing data through a simple and
effective technique that allows early identification of the
presence of undernourishment, in our work the MUAC is
a reliable anthropometric marker of predictive value for
acute undernourishment, at admission and during
hospitalization, as it is not markedly affected by hydration
states [25].

Studies have shown that even for minimally trained
health workers, the reliability of arm circumference
measurements is at least as good, or better, than other
anthropometric measurements. In addition, their reliability
and simplicity have a higher sensitivity to predict the risk
of death and can offer important advantages in terms of
costs [26].

The MUAC indicator presented good sensitivity and
specificity. Additionally, the MUAC indicator showed
better positive predictive value than negative predictive
value in all groups studied. According to the levels of
undernourishment observed, it is recommended to include
the MUAC to detect nutritional risk at hospital admission
and establish early nutritional diagnosis in order to
provide the child with adequate, balanced, and timely
nutritional support to avoid complications and reduce the
risk of dying.

One limitation of the study is that it was more focused
on a preschool population and that the concurrent validity
of the new tool was moderate. It is necessary to carry out
further research and adapt this pilot tool with positive
predictive items, thus improving its validity.

5. Conclusions

Our study provides a good framework to identify the
risk characteristics of undernourishment in children. We
identify elements that can be of great relevance to
optimize the nutritional status of patients in paediatric
hospitals with high demand and a low number of health
personnel. The identification of risk factors (severity of
the condition of the patient, factors that contraindicate
food, factors that increase metabolic demand, functional
limitation when eating, and having a high-risk disease)
beyond anthropometry could define undernourishment, and
this risk assessment of hospital undernourishment could
allow acute care to be prioritized in a paediatric hospital.

The identification of at least two or more
undernourishment risk factors that we evaluated in the
present study could help to provide an idea of the state of

nutrition, especially in paediatric populations where, due
to the large amount of admissions, it is necessary to
distinguish patients with risk of undernourishment and
where it is difficult to obtain anthropometric measures for
the entire population that enters the hospital.
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High risk diseases

Code

Diseases

A: infectious and parasitic diseases

Intestinal infectious diseases, tuberculosis, viral hepatitis, human
immunodeficiency virus disease, mycosis, infection by EBV, CMV

Infectious - - - 2 S .
infections, viral diarrhoea in immunosuppressed patients
- Tumours in the oral cavity or pharynx, hepatoblastoma, Kaposi sarcoma,
B: solid neoplasms A
Wilms’ tumour
C: haematopoietic neoplasms Hodgkin Disease, lymphomas, leukaemia
Nutritional anaemia, haemolytic anaemia, disseminated intravascular
Oncology D: diseases of the blood coagulation, Langerhans cell lymphohistiocytosis, haemophagocytic

lymphohistiocytosis

E: diseases that affect the immune system

Hypogammaglobulinemia, selective deficiency of immunoglobulins, severe
combined immunodeficiency, Wiskott-Aldrich syndrome, DiGeorge
syndrome, hyperlgE syndrome

Endocrinology

F: diseases of the endocrine system

Hyperthyroidism, thyrotoxicosis, diabetic ketoacidosis, panhypopituitarism

G: metabolic disorders

Phenylketonuria, tyrosinemia, maple syrup disease

H: organic mental disorders

Pick’s disease, dementia due to Huntington's disease, schizophrenia, bipolar
disorder, depressive disorder, anorexia nervosa, bulimia nervosa, mental
retardation

Neurology I: diseases of the central nervous system. Meningitis, paraplegia, intracerebral abscess, multiple sclerosis, epilepsy,
cerebral palsy, cerebral oedema
Cardiology 3: diseases of the circulatory system Perlgardltls, acyte myocarditis, heart failure, cyanotic congenital
cardiomyopathies
Pneumology K: diseases of the respiratory system Complicated pneumonia, cystic fibrosis, acute respiratory distress syndrome
Esophagitis, achalasia, gastroesophageal reflux disease, Crohn's disease,
Gastro L: diseases of the digestive system ulcerative colitis, functional diarrhoea, liver failure, primary biliary cirrhosis,

autoimmune hepatitis, portal hypertension, autoimmune hepatitis, cholangitis,
acute pancreatitis, malabsorption syndrome, celiac disease

Neonatology M: diseases in the neonatal period

Asphyxia, congenital pneumonia, meconium aspiration syndrome, congenital
viral diseases, bacterial sepsis of the newborn, prematurity, necrotizing
enterocolitis, intestinal perforation, congenital malformation of the
oesophagus

Emergency N: trauma

Severe cranioencephalic trauma, multiple contusions, 2nd-3rd degree burns.
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