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Objective To assess the prevalence, causes, and consequences of malnutrition, as well as the evolution of nu-
tritional status, in Canadian pediatric health care institutions.
Study design In this multicenter prospective cohort study, a total of 371 patients were recruited from pediatric
hospitals in 5 Canadian provinces. Subjects were aged 1 month to 18 years; admitted to a medical, surgical, or
oncology ward; and had a planned hospital stay of >48 hours. Data on demographics, medical condition, anthro-
pometric measures, and dietary intake were collected. The Screening Tool Risk on Nutritional Status and Growth
(STRONGkids) and Subjective Global Nutritional Assessment (SGNA) were applied at admission. Malnutrition was
defined as a weight-for-age, height-for-age, body mass index-for-age, or weight-for-length/height z score <-2 SD.
Results Among 307 subjects (median age, 5.3 years; median length of stay, 5 days), 19.5% were malnourished
on admission. Both STRONGkids and SGNA classifications were associated with baseline nutritional status. Mean
weight-for-age z score was lower at discharge compared with admission (-0.14 vs -0.09; P < .01), and nearly one-
half of all patients lost weight during their hospital stay. Only one-half of the children who were malnourished or
screened as high risk of malnutrition were visited by a dietitian during their stay. The percentage of patients who lost
weight during hospitalization was significantly greater in the group not visited by a dietitian (76.5 vs 23.5%; P < .01).
Conclusion Nutritional status deterioration and malnutrition are common in hospitalized Canadian children. Screen-
ing tools, anthropometric measurements, and dietitian consultation should be used to establish adequate nutri-
tional support. (J Pediatr 2019;205:160-7).

T he burden of acute and chronic malnutrition seen in low-resource settings is largely attributed to an interplay among
food security, poverty, and illness.1-3 In adult hospitals, at least one-third of admitted patients are malnourished,4 which
is associated with higher costs, morbidity, and mortality.3-7 Malnutrition in hospitalized patients is multifactorial, in-

cluding inadequate nutrient consumption, elevated nutrient requirements, and increased losses.3,8 If malnutrition is not iden-
tified and addressed, continued deterioration in nutritional status may adversely impact recovery and increase complications,
length of stay, and the risk of readmission9 while impairing growth and development and increasing morbidity and mortality.10,11

Pediatric malnutrition in hospitals has been reported in many countries, with prevalence rates of 24.1% of children in Germany,12

18.7% in Brazil,13 11% in France,14 9.9% in New Zealand,15 8.2% in Spain,16 and 31.8% in Turkey.17,18 Multicenter studies found
a 2%-3.7% rate of malnutrition in newly admitted patients in the US19 and a 7% prevalence in European countries.20 The re-
ported prevalences in Asia, Africa, and South America range from 13.4% to 54%.13,17,21-27 The wide variability in the prevalence
of pediatric malnutrition among studies may relate to differences in the type of institution, the tools used for nutritional screen-
ing, and the criteria used to define malnutrition.

Because malnutrition may go undetected, its true overall prevalence in hospi-
talized children remains uncertain.28 In particular, in Canada, only a few studies
pertaining to nutritional status of hospitalized children have been conducted to
date. Parsons et al reported low anthropometric measures in 20% of their patients.29

BMI Body mass index
BMIZ Body mass index-for-age z score
HAZ Length/height-for-age z score
HC Head circumference
MUAC Mid-upper arm circumference
SGNA Subjective Global Nutritional Assessment
STRONGkids Screening Tool Risk on Nutritional Status and Growth for Kids
TSFT Triceps skinfold thickness
UMA Upper-arm muscle area
WAZ Weight-for-age z score
WHZ Weight-for-length/height z score
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In a study conducted in a pediatric ward in the Province of
Quebec, 13.3% of children were found to be acutely and/or
chronically malnourished and 79.8% displayed a moderate to
severe risk of malnutrition.30 In a large tertiary center in
Toronto, the overall prevalence of malnutrition was found to
be 39.6%.22

A number of tools have been developed to assess nutri-
tional risk and malnutrition.31-35 The Screening Tool Risk on
Nutritional Status and Growth for Kids (STRONGkids) scores
the vulnerability of pediatric patients to malnutrition based
on high-risk disease, assessment of the patients, nutritional
intake and losses, recent weight loss, or poor gain.32 The tool
has been validated36 and endorsed by the Dutch government
for use in pediatric patients.32 This instrument does not
include any measurements and provides a quick, inexpen-
sive, and reliable means of identifying patients in need of a
nutritional consultation.37 The Subjective Global Nutritional
Assessment (SGNA) relies on clinical judgment to assess a
patient’s nutritional status by gathering information on weight
history, current height and weight, parental heights, dietary
intake, frequency and duration of gastrointestinal symp-
toms, and current functional capacity.33 Adapted from the
adult version, this tool addresses the many facets of malnu-
trition and must be completed by a trained individual, such
as a dietitian or nurse.33,38

To assess the prevalence of malnutrition in Canadian pe-
diatric hospitals, we conducted a prospective multicenter study
involving tertiary centers in 5 provinces in eastern, central, and
western Canada. The goals were to assess the prevalence of mal-
nutrition at admission and discharge, evaluate the usefulness
of the STRONGkids and SGNA tools, and identify factors as-
sociated with malnutrition and the impact of nutrition on
length of stay.

Methods

This multicenter prospective cohort study was conducted in
5 Canadian pediatric tertiary university hospitals: Sainte-
Justine University Hospital Center in Montreal, Alberta Chil-
dren’s Hospital in Calgary, IWK Health Centre in Halifax,
British Columbia Children’s Hospital in Vancouver, and Kings-
ton General Hospital in Kingston, Ontario. Recruitment oc-
curred from September 2012 to August 2016. Screening for
nutritional risk and assessment of nutritional status were per-
formed. Informed consent was obtained on admission. Par-
ticipants were followed throughout their hospital stay until
discharge to monitor changes in nutritional status and clini-
cal outcomes. The study was coordinated by the Canadian Nu-
trition Society and approved by the Ethics Review Boards of
the 5 participating institutions. To ensure interrater and
interinstitution reproducibility and reliability, all site coordi-
nators in charge of data collection received training on ques-
tionnaires, forms, and anthropometric measurements.

Eligibility and Recruitment
Children aged 1 month to 18 years who were admitted to either
a medical or a surgical ward and had planned hospital stay >48

hours were eligible. Exclusion criteria included admission to
pediatric or neonatal intensive care unit, palliative care or psy-
chiatry, conditions leading to anasarca (ie, severe liver,
renal, or cardiac failure), documented eating disorders, rehos-
pitalization during the study, and prematurity (for infants who
had not reached 1 month corrected age).

A sample size of 330 participants was established with a con-
fidence level of 95% and a margin error of 5% to determine
the prevalence of moderate to severe malnutrition of 25%, with
an estimated dropout rate of 10%.

Clinical Data Collection
Data collected at admission included demographics, medical
information, and anthropometric measurements (height,
weight, head circumference [HC], mid-upper arm circumfer-
ence [MUAC], and triceps skinfold thickness [TSFT]). For chil-
dren born prematurely (<37 weeks of gestation), corrected
gestational age was used until 2 years of age. Diagnoses were
classified according to 11 categories,39 and the severity of the
condition was classified as mild (grade 1), moderate (grade 2),
or severe (grade 3).31 Nutritional status and dietary assess-
ment and consultation with a dietitian were provided during
the hospital stay. To avoid changes in standard clinical prac-
tice, discussions about the study with the clinical team were
decidedly limited. Data were collected from medical charts and
from direct interviews with the patients and family members
using standardized forms.

Anthropometric Measurements
Children were weighed on a calibrated electronic scale wearing
minimal clothing. Height was measured using a stadiometer
with the child barefoot in children aged ≥3 years, and using
an infantometer with the child supine in those aged <3 years.
Arm span was used to estimate height in older children (aged
>3 years) who were unable to stand or who had scoliosis,
contractures, or additional conditions that prevented proper
positioning. HC was measured in children aged <2 years. Weight
was assessed every other day, and height and HC were re-
corded at admission and monthly thereafter when appli-
cable. MUAC was measured, and TSFT was assessed using a
Harpenden caliper. Arm measurements were obtained in chil-
dren aged >1 year. Upper-arm muscle area (UMA) was derived
from MUAC and TSFT (UMA [cm2] = [MUAC—(pTSFT)]2/
4p). Arm evaluations were completed at admission and then
weekly thereafter.

Evaluation of Nutritional Status
Nutritional status was determined as standard deviation (SD)
from growth norms for reference age groups using the 2014
World Health Organization Growth Charts adapted for Canada.
Weight-for-age z score (WAZ), length/height-for-age z score
(HAZ), and weight-for-length/height z score (WHZ) were
evaluated for patients from birth to age 2 years. For children
aged >2 years, WAZ, HAZ, and BMI-for-age z score (BMIZ)
were used to assess growth. Based on the international World
Health Organization Global Database on Child Growth and
Malnutrition criteria, participants with at least 1 growth
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measure (ie, WAZ, HAZ, WHZ, or BMIZ) <-2 SD at admis-
sion or discharge were considered malnourished. Moderate mal-
nutrition was defined as a z score <-2; severe malnutrition, as a
z score <-3. Variations in weight and WAZ were considered in-
dicators of changes in nutritional status during the hospital
stay. Deterioration of nutritional status was defined as weight
loss of ≥5% compared with admission weight for children aged
2-18 years or a decreased growth, defined as <75% of normal
weight gain velocity for children aged <2 years during the hos-
pital stay.40

Screening Tools for Nutritional Risk and Status
Within 24-48 hours of admission, eligible patients were ad-
ministered the STRONGkids and the SGNA to evaluate their nu-
tritional risk and nutritional status, respectively. With the
STRONGkids, each question is allocated 1 or 2 points adding
up to a total maximum score of 5 points. Patients were clas-
sified as “low risk” (score of 0), “medium risk” (score of 1-3),
or “high risk” (score of 4-5).32 With the SGNA, patients are clas-
sified by subjective global rating as “well nourished,” “mod-
erately malnourished,” or “severely malnourished.”33 Both tools
are appropriate for this study, being previously validated in
similar pediatric populations.32,33

Dietary Assessment
Dietary intake was assessed with food diaries completed by
parents. They were instructed to record consumption of all
foods and beverages on a 6-point scale (none, <25%, 25%, 50%,
75%, and 100%) for 3 consecutive days during the first week
of admission. After that, parents recorded food intake on 2 days
each week until discharge. In infants who were bottle-fed or
breast-fed and those on specialized enteral or parenteral nu-
trition, the site coordinator recorded the intake. The mean
energy intake from food and enteral/parenteral nutrition (kcal/
day) was calculated each day based on the food journals and/
or nutritional support records. The mean percentage energy
intake was calculated based on patients’ energy needs, con-
sidering sex, age, severity of condition, diagnosis, and pres-
ence of obesity at admission (defined as BMIZ >3). For all
patients, the level of activity was considered sedentary during
the hospital stay.

Statistical Analyses
Patients’ characteristics and medical conditions were ana-
lyzed with the Pearson c2 or Fisher exact test to compare the
distribution of participants in each condition according to their
nutritional status at admission. The prevalence of malnutri-
tion on admission and on discharge were compared using the
Pearson c2 test. Continuous variables (age, length of stay, change
in WAZ from discharge to admission [DWAZ]) were ana-
lyzed between 2 or more categories with the Mann-Whitney
or Kruskal-Wallis test, respectively. Wilcoxon test was used to
compare anthropometric measurements (weight and BMI) and
growth measures (z scores) between admission and dis-
charge. Logistic regressions were used for estimation of ORs
(both unadjusted and adjusted) and corresponding 95% CIs.
Targeted variables were malnutrition status at admission, de-

terioration of nutritional status, longer length of hospital stay,
and consultation with a dietitian. A series of simple logistic
regression analyses were used to assess the association between
each outcome and potential predictors, namely age, sex, and
socioeconomic status. Based on the literature and our clini-
cal experience, covariates were added to the adjusted analy-
sis. Analyses were performed using SPSS version 24.0 (IBM,
Armonk, New York). A P value <.05 was considered signifi-
cant. Bonferroni correction was used for multiple analyses in
the logistic regression model.

Results

A total of 371 participants were recruited, of whom 64 were
excluded from the analyses because of missing anthropomet-
ric data. The remaining 307 patients composed the cohort for
our analysis (Figure 1; available at www.jpeds.com). The main
characteristics of the participants are summarized in Table I.
Of the 60 patients (19.5%) who were malnourished at admis-
sion, 28 were classified as moderately malnourished and 32 were
classified as severely malnourished based on z score criteria.
The median length of stay was 5 days.

Table II (available at www.jpeds.com) shows no signifi-
cant associations between baseline characteristics and nutri-
tional status. In contrast, the STRONGkids and SGNA
assessments at admission were associated with participants’ nu-
tritional status. Significantly lower z score values were noted
for all growth measures (WAZ, BMIZ/WHZ, and HAZ) at ad-
mission for patients classified as high risk (STRONGkids) and
as severely malnourished (SGNA) compared with patients in
the other categories (Figure 2, A). In addition, being identi-
fied as at high risk for malnutrition according to the
STRONGkids and as malnourished (moderately or severely) with
the SGNA was strongly associated with the nutritional status
defined by anthropometric data (OR, 5.83; 95% CI, 1.54-
22.12 and OR, 8.56; 95% CI, 3.94-18.61, respectively; P < .001)
(Table II).

The use of growth parameters criteria did not identify an
important change in malnutrition prevalence between admis-
sion and discharge (Table III; available at www.jpeds.com). A
total of 149 patients (48.5%) lost weight during their hospi-
tal stay; 27 (18.1%) of these patients lost >5% of their admis-
sion weight. There was a decrease in mean WAZ at discharge
compared with admission (-0.09 vs -0.14; P < .01). When analy-
ses were stratified according to participants’ nutritional status,
a difference in WAZ was noted only in participants who were
well nourished on admission (Figure 3; available at
www.jpeds.com). Measures associated with negative DWAZ in-
cluded having a medical condition classified as moderate and
being identified as well nourished with the SGNA or at medium
risk of malnutrition with the STRONGkids (Table IV; avail-
able at www.jpeds.com). Other factors associated with nega-
tive DWAZ during hospital stay were no visit by a dietitian and
an inadequate energy intake (<50% of requirement). Admis-
sion diagnoses were also associated with negative DWAZ; pa-
tients with gastrointestinal or hepatic conditions had greater
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Table I. Characteristics of participants at admission

Characteristics
All

(n = 307)
Well-nourished

(n = 247)
Malnourished

(n = 60) P value

Male sex, n (%) 157 (51.1) 126 (51.0) 31 (51.7) 1.00
Age, y, median (IQR) 5.3 (1.3-10.8) 5.4 (1.5-10.8) 4.9 (0.5-11.8) .56
Age category, n (%)

13-18 y 60 (19.5) 51 (20.6) 9 (15.0)
6-12 y 95 (30.9) 76 (30.8) 19 (31.7)
2-5 y 71 (23.1) 61 (24.7) 10 (16.7)
<2 y 81 (26.4) 59 (23.9) 22 (36.7) .16

Ethnicity, n (%)
White 232 (75.6) 185 (74.9) 47 (78.3)
South Asian* 10 (3.3) 6 (2.4) 4 (6.7)
East Asian† 13 (4.2) 12 (4.9) 1 (1.7)
African 12 (3.9) 10 (4.0) 2 (3.3)
Pacific island 3 (1.0) 2 (0.8) 1 (1.7)
Caribbean 4 (1.3) 4 (1.6) 0
South/Central American 13 (4.2) 12 (4.9) 1 (1.7)
Indigenous 9 (2.9) 7 (2.8) 2 (3.3)
Arabic 11 (3.6) 9 (3.6) 2 (3.3) .59

Parental education level, n (%) 258 210 48
Elementary school 3 (1.2) 3 (1.4) 0
High school 48 (18.6) 35 (16.7) 13 (27.1)
University/college 207 (80.2) 172 (81.9) 35 (72.9) .23

Parental employment, n (%) 291 235 56
1 parent 99 (34.0) 78 (33.2) 21 (37.5)
Both parents 155 (53.3) 131 (55.7) 24 (42.9)
Both unemployed 37 (12.7) 26 (11.1) 11 (19.6) .12

Living arrangement, n (%) 305 246 59
Lives with both parents 256 (83.9) 209 (85.0) 47 (79.7)
Lives with 1 parent or shared custody 48 (15.7) 36 (14.6) 12 (20.3)
Residential care 1 (0.3) 1 (0.4) 0 .45

Admission ward, n (%) 301 242 59
Medical 198 (65.8) 157 (64.9) 41 (69.5)
Surgical 54 (17.9) 47 (19.4) 7 (11.9)
Oncology 49 (16.3) 38 (15.7) 11 (18.6) .38

Severity of condition, n (%) 299 244 55
Mild 96 (32.1) 82 (33.6) 14 (25.5)
Moderate 133 (44.5) 108 (44.3) 25 (45.5)
Severe 70 (23.4) 54 (22.1) 16 (29.1) .42

Underlying medical condition‡, n (%)
Yes 173 (56.4) 133 (53.8) 40 (66.7) .08

Admission diagnosis, n (%)
Cardiovascular 8 (2.6) 7 (2.8) 1 (1.7)
Gastrointestinal/hepatic 58 (18.9) 47 (19.0) 11 (18.3)
Genitourinary 8 (2.6) 6 (2.4) 2 (3.3)
Respiratory 57 (18.6) 48 (19.4) 9 (15.0)
Musculoskeletal 25 (8.1) 22 (8.9) 3 (5.0)
Neurological 21 (6.8) 17 (6.8) 4 (6.7)
Autoimmune disease 2 (0.7) 1 (0.4) 1 (1.7)
Metabolic disorder 5 (1.6) 3 (1.2) 2 (3.3)
Trauma (including burns) 3 (1.0) 3 (1.2) 0
Infectious 39 (12.7) 31 (12.6) 5 (8.3)
Renal 16 (5.2) 10 (4.0) 6 (10.0)
Hematology/oncology 40 (13.0) 38 (15.3) 5 (8.3)
Developmental 9 (2.9) 5 (2.0) 4 (6.7)
Other 16 (5.2) 9 (3.6) 7 (11.7) .09

WAZ, SD, median (IQR), all −0.1 (−0.9 to 0.8) 0.2 (−0.5 to 0.9) −2.1 (−3.3 to −0.7) <.001
HAZ, SD, median (IQR), all −0.2 (−1.3 to 0.6) 0.0 (−0.8 to 0.8) −2.5 (−3.5 to −1.9) <.001
WHZ, SD, median (IQR), ≤2 y 0.2 (−0.8 to 0.9);n = 83 0.2 (−0.2 to 0.9);n = 61 −2.0 (−3.1 to 0.7);n = 22 .001
BMIZ, SD, median (IQR), >2 y 0.2 (−0.9 to 1.1);n = 224 0.3 (−0.6 to 1.2);n = 186 −0.8 (−2.3 to 1.1);n = 38 .001
SGNA, n (%) 304 244 60

Well nourished 192 (63.2) 175 (71.7) 17 (28.3)
Moderately malnourished 95 (31.3) 66 (26.9) 29 (48.3)
Severely malnourished 17 (5.6) 3 (1.2) 14 (23.3) <.001

STRONGkids score, n (%) 305 245 60
Low risk 40 (13.1) 35 (14.3) 5 (8.3)
Medium risk 184 (60.3) 159 (64.9) 25 (41.7)
High risk 81 (26.6) 51 (20.8) 30 (50.0) <.001

Length of stay, d, median (IQR) 5 (3-7) 5 (3-7) 5 (4-10) .05

Nutritional status was determined at admission using SD for at least 1 growth norm (WAZ, HAZ, BMIZ, or WHZ) for reference age groups: well-nourished, ≥-2 SD; malnourished, <-2 SD. Data were
analyzed using the Pearson c2, Fisher exact, or Mann-Whitney U test (age, length of stay, WAZ, HAZ, BMIZ, WHZ). A P value <.05 was considered statistically significant.
*Pakistani, Indian.
†Vietnamese, Chinese, Korean, Japanese.
‡Preexisting chronic medical condition.
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declines in WAZ compared with those with other conditions
(Table IV).

Seventy-eight patients (25.4%) experienced deteriorating nu-
tritional status during their hospital stay. Patients admitted with
a hematology or oncology diagnosis were less likely than those
with a gastrointestinal or hepatic to experience nutritional de-
terioration (OR, 0.22; 95% CI, 0.07-0.73). In the adjusted model,
the factors that remained significant were patient diagnosis,
WAZ, and HAZ at admission. Age category, especially infants
under 2 years, was also strongly associated with deteriora-
tion of nutritional status (Table V). After excluding infants from
analysis, association with age category was lost but no other
significant differences were found (Table VI; available at
www.jpeds.com). Patients identified as at high risk of malnu-
trition (STRONGkids) and assessed as malnourished (SGNA)
had a longer length of stay compared with low-risk and well-
nourished patients (5 vs 4 days; P < .05). However, using lo-
gistic regression, no factor was associated with prolonged length
of stay (>5 days) (Table VII; available at www.jpeds.com).

A total of 94 participants (30.6%) had at least 1 consulta-
tion with a dietitian during their hospital stay. A higher pro-
portion of malnourished patients were visited compared with
well-nourished participants (50.0% vs 25.9%; P < .01) (Figure 4,
A; available at www.jpeds.com). Although significantly more
children were malnourished or identified as at risk of malnu-
trition, only one-half of them (50% of malnourished and 46.9%
of high risk) were visited by a dietitian. Factors associated with
dietitian consultation are listed in Table VIII. Nutritional status,
SGNA, and STRONGkids scores were positively associated with
a dietitian consultation. Longer hospital stay and presence of
a chronic condition were also associated with a dietitian consult.
Patients admitted in the surgical ward were less likely than those

in medical or oncology ward to be seen by a dietitian (OR,
0.33; 95% CI, 0.15-0.72; P = .006). The percentage of patients
who experienced weight loss was significantly greater in the
group without a dietitian visit (76.5% vs 23.5%, P < .01)
(Figure 4, B; available at www.jpeds.com), and the propor-
tion of patients with negative DWAZ between admission and
discharge was lower in children who had a dietitian consult
compared with those who did not (26.1% vs 73.9%)
(Figure 4, B).

Energy intake was calculated for 256 patients during their
hospital stay. Among them, 83 patients (27.0%) had an energy
intake <50% of the estimated requirement but with no asso-
ciated deterioration in nutritional status (Table V) or pro-
longed length of stay (Table VII). A higher proportion of
malnourished patients than well-nourished patients achieved
≥50% of their energy requirement (81.3% vs 64.9%; P < .05).

Discussion

Nutritional health is important for the overall well-being of
all hospitalized children. However, barriers exist that pre-
clude appropriate diagnosis of malnutrition due to the lack
of uniformly applied assessment protocols and limited clini-
cal nutrition education among health care providers. We found
that on admission, 19.5% of patients (n = 60) were malnour-
ished based on at least 1 growth measure <-2 SD. This is slightly
different from the 13% prevalence of malnutrition reported
from a general pediatric unit in Sherbrooke, Quebec based on
a combination of low BMI and HAZ.30 Our results are similar
to those from another Canadian study at a large tertiary care
pediatric hospital (The Hospital for Sick Children in Toronto,
Ontario), in which 13.4% of patients were identified as chroni-
cally malnourished (HAZ <-2 SD), compared with 14.0% in
our study.22 In a large European study, including several coun-
tries, the prevalence of malnutrition was 13.4%, with 7%
defined as underweight (BMIZ <-2 SD) and 7.9% as stunted
(HAZ <-2 SD).20

In our study, the 2 screening tools used to assess nutri-
tional risk and status led to similar results, with both tools able
to differentiate patients according to nutritional status. This
is in line with the purpose of the SGNA and in agreement with
previously reported data.38,41 Both tools were associated with
length of hospital stay, also as observed in other studies.15,23,41,42

The inclusion of patients’ medical history might explain why
the STRONGkids and SGNA classifications are more accurate
in predicting length of stay compared with nutritional status
evaluation based on growth norms. A Brazilian study of 181
hospitalized children found similar results for length of stay
when using STRONGkids compared with anthropometric
indicators.43

Interestingly, growth outcomes during hospital stay (as
measured by DWAZ) were worse in patients assessed as at
medium risk of malnutrition compared with those at high
or low risk. In fact, patients screened as at high risk had a
better nutritional evolution than others, an observation re-
ported elsewhere.15,32 It is known that patients admitted to
the hospital with moderate or severe malnutrition sometimes

Figure 2. Growth measures according to screening tools. Pa-
tients were classified at admission according to the STRONGkids

(n = 304) and SGNA (n = 305) tools. Growth measures (WAZ,
BMIZ/WHZ, HAZ) at admission were evaluated in each cat-
egory. Data are shown as the median (◊) and interquartile range
(25th and 75th percentiles). †P < .05 and *P < .01 using Mann-
Whitney test.
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can remain unchanged, improve, or worsen during
hospitalization.15,20,28,31 Nonetheless, early screening and nu-
tritional therapy should be implemented to improve nutritional
status and prevent complications during admission in both
moderately and severely malnourished children.

In our study, 30.6% of participants were seen by a dieti-
tian during their hospital stay. Despite this relatively low rate,
a dietitian’s involvement was associated with a lower decline
in mean WAZ over the course of admission. A dietitian was
involved in the care of 50% of the malnourished children, com-

pared with 25.9% of the well-nourished children. The low rate
of dietitian visits for well-nourished patients is of concern and
demonstrates the need to improve nutritional assessment and
therapy among inpatients generally.

This study has several limitations. The need for different
clinical investigators to collect data could influence some
variables despite training, the criteria for seeking a dietitian
consultation might have varied, and differences in discharge
policies may have affected length of stay data. Deterioration
of nutritional status and particularly changes in growth are

Table V. Factors associated with deteriorating nutritional status during hospital stay

Factors OR (95% CI), crude analysis P value OR (95% CI), adjusted analysis* P value

Sex .11
Female Reference
Male 1.53 (0.91-2.57)

Age category <.001
Adolescents (13-18 y) Reference
Children (6-12 y) 1.29 (0.42-3.99)
Preschoolers (2-5 y) 1.80 (0.58-5.60)
Infants (<2 y) 20.82 (7.48-57.95)

Ethnicity .99 .55
White Reference Reference
Other† 0.995 (0.55-1.81) 1.30 (0.55-3.12)

Parental education level .28
University/college Reference
High school or less 0.66 (0.31-1.40)

Parental employment .035 .12
Both parents Reference Reference
1 parent 0.46 (0.24-0.86) 0.41 (0.17-0.97)
Out of work 1.14 (0.53-2.46) 0.93 (0.30-2.89)

Underlying medical condition‡ .29 .67
No Reference Reference
Yes 1.33 (0.79-2.25) 0.85 (0.41-1.78)

Diagnosis at admission .02 .032
Gastrointestinal/hepatic Reference Reference
Respiratory 1.21 (0.55-2.67) 0.32 (0.09-1.15)
Infectious 1.29 (0.53-3.15) 0.52 (0.14-1.93)
Hematology/oncology 0.22 (0.07-0.73) 0.10 (0.02-0.59)
Developmental§ 0.52 (0.21-1.27) 0.13 (0.03-0.51)
Other¶ 0.52 (0.25-1.31) 0.36 (0.12-1.15)

Admission ward .10 .89
Medical and Oncology Reference Reference
Surgical 0.53 (0.24-1.14) 1.08 (0.37-3.14)

SGNA .12 .18
Well nourished Reference Reference
Malnourished (moderate-severe) 0.64 (0.37-1.21) 0.59 (0.27-1.28)

STRONGkids score .53 .53
Low risk Reference Reference
Medium risk 1.53 (0.66-3.55) 1.24 (0.35-4.40)
High risk 1.23 (0.48-3.11) 0.75 (0.18-3.15)

WAZ at admission, per SD unit 1.12 (0.95-1.33) .18 1.40 (1.09-1.80) .009
BMIZ/WHZ at admission, per SD unit 1.09 (0.92-1.29) .33 1.07 (0.98-1.16) .067
HAZ at admission, per SD unit 1.13 (0.97-1.32) .12 1.39 (1.09-1.76) .008
Length of stay, per day 1.01 (0.96-1.07) .64
Registered dietitian consultation (≥1) .75 .15

No Reference Reference
Yes 1.09 (0.63-1.90) 0.51 (0.21-1.28)

Energy intake (% of requirement)** .71 .32
≥50% Reference Reference
<50% 0.89 (0.48-1.65) 1.54 (0.66-3.59)

Deterioration of nutritional status was characterized by weight loss ≥5% compared with admission weight for children aged 2-18 years or by decreased growth, defined as <75% of weight gain
velocity norms for infants (<2 years) during the hospital stay. The Bonferroni correction threshold is P < .003 for crude analysis and P < .004 for adjusted analysis.
*Model included center of care, sex, age category, parental education level, and length of stay.
†Other included south Asian, east Asian, African, Pacific Island, Caribbean, South/Central American, Native, and Arabic.
‡Preexisting chronic medical condition.
§Developmental included neurologic condition.
¶Other diagnoses included cardiovascular, genitourinary, autoimmune disease, renal, metabolic, and musculoskeletal disorders and trauma.
**Daily dietary intake was expressed as percentage of requirement calculated according to age, sex, and medical condition.
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difficult to assess during a short hospital stay. WAZ appears
to be a good measure for evaluating the impact of hospital-
ization on nutritional status given its sensitivity, but no
cutoff value has been proposed to estimate a clinically signifi-
cant deterioration of nutritional status. Importantly, hydration
status should be considered as well. The strengths of the
study include its multicenter nature and design. The use of
several screening tools allowed the capture of multiple vari-
ables for nutritional status assessment.

In conclusion, considering the complexity of malnutri-
tion, multiple actions could be incorporated into clinical prac-
tice to better detect at-risk or malnourished children. This study
confirms the usefulness of simple screening tools and the benefit
of dietitian consultation for improving the nutritional out-
comes of hospitalized children. ■
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Figure 1. Chart of patient recruitment.

Figure 3. Weight-for-age at admission and discharge according to nutritional status at admission. Z scores for weight-for-age
at admission and discharge was calculated for all participants (n = 307). Nutritional status was determined at admission using
standard deviation (SD) from at least one growth norms (weight-for-age, height-for-age, body mass index-for-age, or weight-
for-height) for reference age groups: well-nourished: ≥-2 SD and malnourished: <-2 SD. Data are shown as the median (◊) and
interquartile range (25th and 75th percentiles). Lines (–) represent distribution of normal growth. *P < .01 using Wilcoxon test.
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Figure 4. Visit by a dietitian during hospital stay. A, Data were divided according to participants’ nutritional status at admis-
sion: well-nourished (n = 247) and malnourished (n = 60) and to malnutrition risk using the STRONGkids tool: low risk (n = 40),
medium risk (n = 184), high risk (n = 81). Nutritional status was determined at admission using standard deviation (SD) from at
least one growth norms (WAZ, HAZ, BMIZ/WHZ) for reference age groups: well-nourished: ≥-2 SD and malnourished: <-2 SD.
B, Weight loss (n = 149) and DWAZ < 0 (n = 161) were compared in patients that were visited or not by a dietitian. Any weight
loss between admission and discharge was considered. DWAZ: difference of weight-for-age z score during hospital stay (discharge—
admission). *P < .01 using Chi-square test.
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Table II. Factors related to malnutrition status at admission

Factors
OR (95% CI),

crude analysis P value
OR (95% CI),

adjusted analysis* P value

Sex .93
Female Reference
Male 1.03 (0.58-1.81)

Age category .17
Adolescents (13-18 y) Reference
Children (6-12 y) 1.42 (0.59-3.38)
Preschoolers (2-5 y) 0.93 (0.35-2.46)
Infants (<2 y) 2.11 (0.89-5.00)

Ethnicity .58 .075
White Reference Reference
Other 0.83 (0.42-1.63) 0.43 (0.17-1.09)

Parental education level .16
University/college Reference
High school or less 1.68 (0.81-3.48)

Parental employment .12 .39
Both parents Reference Reference
1 parent 1.47 (0.77-2.81) 1.49 (0.72-3.07)
Out of work 2.31 (1.01-5.29) 1.78 (0.68-4.67)

Underlying medical condition† .07
No Reference
Yes 1.71 (0.95-3.01)

Diagnosis at admission .30 .089
Gastrointestinal/hepatic Reference Reference
Respiratory 0.96 (0.35-2.63) 0.46 (0.13-1.58)
Infectious 1.03 (0.33-3.21) 0.41 (0.10-1.72)
Hematology/oncology 0.66 (0.20-2.13) 0.44 (0.10-1.86)
Developmental‡ 2.03 (0.80-5.16) 1.66 (0.60-4.60)
Other§ 1.57 (0.63-3.90) 1.48 (0.56-3.89)

Admission ward .18 .50
Medical and Oncology Reference Reference
Surgical 0.56 (0.24-1.31) 0.72 (0.28-1.86)

SGNA <.001 <.001
Well nourished Reference Reference
Malnourished (moderate-severe) 6.42 (3.43-12.01) 8.56 (3.94-18.61)

STRONGkids score <.001 <.001
Low risk Reference Reference
Medium risk 1.10 (0.39-3.08) 1.46 (0.39-5.50)
High risk 4.12 (1.46-11.65) 5.83 (1.54-22.12)

Malnutrition status was defined as <-2 SD compared with growth standards for at least 1 measure (WAZ, HAZ, BMIZ or WHZ). The Bonferroni correction threshold was P < .005 for the crude
analysis and P < .008 for the adjusted analysis.
*Model included sex, age category, underlying medical condition, and parental education level.
†Preexisting chronic medical condition.
‡Developmental included neurologic condition.
§Other diagnoses included cardiovascular, genitourinary, autoimmune, renal, metabolic, and musculoskeletal disorders and trauma.

Table III. Prevalence of malnutrition at admission and at hospital discharge

Status Parameters Admission, n (%) Discharge, n (%) P value

Anthropometric criteria (n = 307)
Malnourished WAZ or HAZ or BMIZ/WHZ 60 (19.5) 60 (19.5) .54
Underweight WAZ 32 (10.4) 33 (10.7) .50
Stunting HAZ 43 (14.0) 43 (14.0) .55
Wasting BMIZ/WHZ 28 (9.1) 24 (7.8) .33

Arm anthropometric criteria (n = 50)
Malnourished MUAC or TSFT or UMA 5 (10.0) 8 (16.0) .28
Reduced lean mass MUAC 4 (8.0) 7 (14.0) .26
Reduced fat mass TSFT 1 (2.0) 1 (2.0) .55
Reduced muscle mass UMA 4 (8.2) 4 (8.2) .64

SGNA (n = 304)
Malnourished 112 (36.9) N/D N/D
Moderately malnourished 95 (31.3) N/D N/D
Severely malnourished 17 (5.6) N/D N/D

Malnutrition status was defined as <-2 SD comparing to growth standards for at least one of the measures. Prevalence of malnutrition at admission and discharge was compared using chi-
square tests. A P value of <.05 was considered statistically significant.
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Table IV. Associations between patient characteristics and WAZ

Characteristics Number DWAZ (z score), median (IQR) P value

Sex
Female 150 −0.02 (−0.14 to 0.08)
Male 157 −0.02 (−0.21 to 0.07) .21

Age category
Adolescents (13-18 y) 60 −0.02 (−0.11 to 0.08)
Children (6-12 y) 95 −0.01 (−0.13 to 0.08)
Preschoolers (2-5 y) 71 −0.02 (−0.25 to 0.08)
Infants (<2 y) 81 −0.04 (−0.26 to 0.12) .82

Parental education level
High school or less 51 0.00 (−0.12 to 0.12)
University/college 207 −0.03 (−0.15 to 0.07) .38

Parental employment
1 parent 99 −0.03 (−0.18 to 0.07)
Both parents 155 0.00 (−0.13 to 0.11)
Out of work 37 −0.08 (−0.22 to 0.05) .08

Underweight at admission*
No 275 −0.03 (−0.16 to 0.07)
Yes 32 0.08 (−0.07 to 0.28) .002

Nutritional status at admission†

Well nourished 247 −0.02 (−0.16 to 0.07)
Malnourished 60 0.02 (−0.14 to 0.15) .08

Admission ward
Medical 198 −0.02 (−0.16 to 0.07)
Surgical 54 −0.04 (−0.13 to 0.12)
Oncology 49 0.01 (−0.14 to 0.13) .25

Underlying medical conditions‡

Yes 173 −0.02 (−0.14 to 0.11)
No 134 −0.02 (−0.15 to 0.07) .81

Diagnosis at admission
Gastrointestinal/hepatic 54 −0.08 (−0.34 to 0.02)
Respiratory 56 −0.04 (−0.21 to 0.06)
Infectious 35 −0.04 (−0.26 to 0.04)
Hematology/oncology 43 0.00 (−0.21 to 0.11)
Developmental§ 52 0.00 (−0.08 to 0.16)
Other¶ 67 0.00 (−0.14 to 0.10) .009

Severity of medical condition
Moderate 133 −0.06 (−0.21 to 0.06)
Mild-severe 166 0.00 (−0.12 to 0.11) .03

SGNA
Well nourished 192 −0.04 (−0.20 to 0.06)
Malnourished (moderate-severe) 112 0.01 (−0.13 to 0.13) .023

STRONGkids score
Low risk 40 −0.01 (−0.06 to 0.12)
Medium risk 184 −0.06 (−0.23 to 0.06)
High risk 81 0.00 (−0.11 to 0.12) .019

Registered dietitian consultation (≥1)
No 213 −0.04 (−0.16 to 0.07)
Yes 94 0.00 (−0.14 to 0.17) .027

Energy intake (% of requirement)**
≥50% 176 0.00 (−0.12 to 0.12)
<50% 83 −0.07 (−0.29 to 0.07) .004

DWAZ was calculated as the difference in WAZ during the hospital stay (discharge vs admission) expressed as z score. Comparisons were made using the Mann-Whitney (2 categories) or Kruskal-
Wallis (≥3 categories) test to evaluate the difference in DWAZ between groups. A P value <.05 was considered statistically significant.
*Underweight was defined as WAZ <-2 z scores at admission.
†Nutritional status was determined at admission using SD from at least 1 growth norm (WAZ, HAZ, BMIZ or WHZ) for reference age groups: well-nourished, ≥-2 SD; malnourished, <-2 SD.
‡Preexisting chronic medical condition.
§Developmental diagnosis included neurologic conditions.
¶Other diagnoses included cardiovascular, genitourinary, autoimmune, renal, metabolic, and musculoskeletal disorders and trauma.
**Daily dietary intake expressed as percentage of requirement calculated according to age, sex, and medical condition.
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Table VI. Factors associated with deteriorating nutritional status during hospital stay in patients aged >2 years

Factors OR (95% CI), crude analysis P value OR (95% CI), adjusted analysis* P value

Sex .91
Female Reference
Male 1.05 (0.46-2.42)

Age category .57
Adolescents (13-18 y) Reference
Children (6-12 y) 1.29 (0.42-3.99)
Preschoolers (2-5 y) 1.80 (0.58-5.60)

Ethnicity .74 .84
White Reference Reference
Other† 1.17 (0.46-2.98) 0.88 (0.26-3.03)

Parental education level .24
University/college Reference
High school or less 0.41 (0.09-1.83)

Parental employment .12 .15
Both parents Reference Reference
1 parent 0.37 (0.12-1.15) 0.20 (0.04-1.01)
Out of work 1.50 (0.49-4.56) 0.93 (0.21-4.04)

Underlying medical condition‡ .56 .09
No Reference Reference
Yes 0.78 (0.34-1.79) 0.39 (0.13-1.17)

Diagnostic at admission .02 .056
Gastrointestinal/hepatic Reference Reference
Respiratory 0.23 (0.05-1.12) 0.19 (0.02-1.77)
Infectious 1.13 (0.35-3.62) 1.06 (0.23-4.97)
Hematology/oncology 0.28 (0.07-1.12) 0.08 (0.01-0.79)
Developmental§ 0.10 (0.01-0.85) 0.15 (0.02-1.44)
Other¶ 0.20 (0.05-0.80) 0.24 (0.05-1.11)

Admission ward .41 .47
Medical and Oncology Reference Reference
Surgical 1.48 (0.58-3.81) 1.55 (0.47-5.06)

SGNA .47 .63
Well nourished Reference Reference
Malnourished (moderate-severe) 0.72 (0.30-1.76) 0.77 (0.27-2.22)

STRONGkids score .22 .39
Low-medium risk Reference Reference
High risk 0.50 (0.16-1.52) 0.58 (0.17-2.02)

WAZ at admission, per SD unit 1.42 (1.05-1.91) .02 1.64 (1.06-2.54) .03
BMIZ/WHZ at admission, per SD unit 1.32 (0.999-1.75) .051 1.46 (0.98-2.18) .06
HAZ at admission, per SD unit 1.27 (0.99-1.64) .065 1.48 (1.03-2.13) .03
Length of stay, per day 1.07 (0.995-1.16) .069
Dietitian consultation (≥1) .95 .19

No Reference Reference
Yes 1.03 (0.41-2.61) 0.29 (0.05-1.85)

Energy intake (% of requirement)** .029 .12
≥50% Reference Reference
<50% 2.64 (1.11-6.29) 2.30 (0.80-6.63)

Deterioration of nutritional status was characterized by weight loss ≥5% compared with admission weight for children aged 2-18 years or by decreased growth, defined as <75% of weight gain
velocity norms for infants (<2 years) during the hospital stay. The Bonferroni correction threshold is P < .003 for crude analysis and P < .004 for adjusted analysis.
*Model included center of care, sex, age category, parental education level, and length of stay.
†Other included south Asian, east Asian, African, Pacific Island, Caribbean, South/Central American, Native, and Arabic.
‡Preexisting chronic medical condition.
§Developmental included neurologic condition.
¶Other diagnoses included cardiovascular, genitourinary, autoimmune disease, renal, metabolic, and musculoskeletal disorders and trauma.
**Daily dietary intake was expressed as percentage of requirement calculated according to age, sex, and medical condition.
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Table VII. Factors associated with longer length of hospital stay

Factors OR (95% CI), crude analysis P value OR (95% CI), adjusted analysis* P value

Sex .26
Female Reference
Male 0.77 (0.48-1.21)

Age category .073
Adolescents (13-18 y) Reference
Children (6-12 y) 0.89 (0.46-1.71)
Preschoolers (2-5 y) 0.42 (0.20-0.87)
Infants (<2 y) 0.89 (0.46-1.71)

Ethnicity .77 .86
White Reference Reference
Other 0.92 (0.54-1.58) 1.06 (0.56-2.03)

Parental education level .65
University/college Reference
High school or less 1.16 (0.62-2.16)

Parental employment .53 .80
Both parents Reference Reference
1 parent 0.87 (0.51-1.46) 0.80 (0.44-1.45)
Out of work 1.35 (0.65-2.77) 1.12 (0.47-2.65)

Nutritional status at admission† .09 .24
Well nourished Reference Reference
Malnourished 1.63 (0.92-2.88) 1.48 (0.77-2.83)

Underlying medical condition‡ .35
No Reference
Yes 1.25 (0.78-1.99)

Diagnosis at admission .39 .45
Gastrointestinal/hepatic Reference Reference
Respiratory 1.35 (0.64-2.88) 1.17 (0.47-2.91)
Infectious 1.23 (0.52-2.89) 1.68 (0.62-4.55)
Hematology/oncology 0.70 (0.30-1.62) 0.86 (0.32-2.32)
Developmental§ 0.65 (0.29-1.44) 0.59 (0.23-1.48)
Other¶ 0.81 (0.39-1.70) 0.81 (0.36-1.85)

Admission ward .89 .54
Medical and Oncology Reference Reference
Surgical 0.96 (0.52-1.76) 0.79 (0.37-1.67)

SGNA .048 .007
Well nourished Reference Reference
Malnourished (moderate + severe) 1.62 (1.01-2.60) 2.18 (1.24-3.82)

STRONGkids score .16 .012
Low risk Reference Reference
Medium risk 1.66 (0.78-3.52) 3.08 (1.13-8.36)
High risk 2.22 (0.98-5.04) 4.97 (1.72-14.40)

Deterioration of nutritional status .46 .30
No Reference Reference
Yes 1.22 (0.72-2.06) 1.49 (0.70-3.17)

Energy intake (% of requirement)** .52 .79
≥50% Reference Reference
<50% 0.84 (0.49-1.44) 1.09 (0.57-2.09)

Longer length of hospital stay was defined as longer than the median (5 days). The Bonferroni correction threshold is P < .004 for the crude analysis and P < .005 for the adjusted analysis.
*Model included center of care, sex, age category, parental education level, and length of stay.
†Nutritional status was determined at admission using SD for at least 1 growth norm (WAZ, HAZ, BMIZ or WHZ) for reference age groups: well-nourished, ≥-2 SD; malnourished, <-2 SD.
‡Preexisting chronic medical condition.
§Developmental included neurologic condition.
¶Other diagnoses included cardiovascular, genitourinary, autoimmune disease, renal, metabolic, and musculoskeletal disorders and trauma.
**Daily dietary intake was expressed as percentage of requirement calculated according to age, sex, and medical condition.
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