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Abstract

Lack of a uniform definition is responsible for underrecognition of the prevalence of malnutrition and its impact on outcomes in children.
A pediatric malnutrition definitions workgroup reviewed existing pediatric age group English-language literature from 1955 to 2011, for
relevant references related to 5 domains of the definition of malnutrition that were a priori identified: anthropometric parameters, growth,
chronicity of malnutrition, etiology and pathogenesis, and developmental/ functional outcomes. Based on available evidence and an iterative
process to arrive at multidisciplinary consensus in the group, these domains were included in the overall construct of a new definition.
Pediatric malnutrition (undernutrition) is defined as an imbalance between nutrient requirements and intake that results in cumulative
deficits of energy, protein, or micronutrients that may negatively affect growth, development, and other relevant outcomes. A summary
of the literature is presented and a new classification scheme is proposed that incorporates chronicity, etiology, mechanisms of nutrient
imbalance, severity of malnutrition, and its impact on outcomes. Based on its etiology, malnutrition is either i/lness related (secondary to
1 or more diseases/injury) or non—illness related, (caused by environmental/behavioral factors), or both. Future research must focus on the
relationship between inflammation and illness-related malnutrition. We anticipate that the definition of malnutrition will continue to evolve
with improved understanding of the processes that lead to and complicate the treatment of this condition. A uniform definition should permit
future research to focus on the impact of pediatric malnutrition on functional outcomes and help solidify the scientific basis for evidence-
based nutrition practices. (JPEN J Parenter Enteral Nutr. XXXX;XX:XX-XX)
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Evaluation of nutrition status and provision of adequate nutri-
tion are crucial components in the overall management of chil-
dren during illness because malnutrition is prevalent and
affects normal growth, development, other clinical outcomes,
and resource utilization.! Large-scale international studies
have attributed a majority of all childhood deaths to undernu-
trition, with high relative risks of mortality for severe malnutri-
tion.”? In the developed world, malnutrition is predominantly
related to disease, chronic conditions, trauma, burns, or sur-
gery (henceforth referred to as illness-related malnutrition in
this article). Illness-related malnutrition in children may be
attributed to nutrient loss, increased energy expenditure,
decreased nutrient intake, or altered nutrient utilization. These
factors are seen frequently in relation to acute illnesses such as
trauma, burns, and infections, as well as chronic diseases such
as cystic fibrosis, chronic kidney disease, malignancies, con-
genital heart disease (CHD), gastrointestinal (GI) diseases, and
neuromuscular diseases. In addition to the anthropometric
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Figure 1. Defining malnutrition in hospitalized children: Key concepts. CDC, Centers for Disease Control and Prevention; MGRS,
Multicenter Growth Reference Study; WHO, World Health Organization.

Although several studies have reported a prevalence of ill-
ness-related malnutrition of 6%—51% in hospitalized children,
this condition is probably underrecognized.* Lack of uniform
definitions, heterogeneous nutrition screening practices, and
failure to prioritize nutrition as part of patient care are some of
the factors responsible for underrecognition of the prevalence
of malnutrition and its impact on clinical outcomes. To date, a
uniform definition of malnutrition in children has remained
elusive. Current terminologies such as protein-energy malnu-
trition, marasmus, and kwashiorkor describe the effects of
malnutrition but do not account for the variety of etiologies
and dynamic interactions that are relevant to nutrition deple-
tion in children. A better definition of malnutrition is essential
to reach the following goals: (a) early identification of those at
risk of malnutrition, (b) comparison of malnutrition prevalence
between studies and centers, (c) development of uniform
screening tools, (d) development of thresholds for interven-
tion, (e) collection of meaningful nutrition data, and (f) evi-
dence-based analysis of the impact of malnutrition and its
treatment on patient outcomes.” To address this issue, an inter-
disciplinary American Society for Parenteral and Enteral
Nutrition (A.S.P.E.N.) working group of physicians, nurses,
dietitians, and pharmacists was assigned the task of developing
a uniform and comprehensive definition of malnutrition based

on available evidence and multidisciplinary consensus. The
working group reviewed the existing literature and developed
a consensus on the important elements that should be included
in a definition of pediatric malnutrition. This document
describes the result of this multidisciplinary effort, including
the rationale and proposal for a novel definition of pediatric
malnutrition. Malnutrition includes both undernutrition and
obesity. For the purpose of this document, only undernutrition
will be discussed. The definition will not address malnutrition
in the developing world or neonates (younger than 1 month
old). Although a majority of evidence is expected to represent
hospitalized children, the definition will address children in all
settings.

Executive Summary

A novel and comprehensive definition of pediatric malnutri-
tion is proposed. A multidisciplinary working group identified
5 key domains relevant to the definition of pediatric malnutri-
tion (see Figure 1). After a systematic review of the literature
along these domains, the evidence was presented and synthe-
sized to generate recommendations for a uniform definition.
The process was completed by consensus for each domain,
using an iterative process. The new classification scheme
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Table 1. Practical Scheme for Pediatric Malnutrition Definition.

Suggested Criteria
for Degree of
Malnutrition

(Anthropometry in

Etiology of Energy,

Protein, and/or

Pathogenetic Mechanism

Relation to Reference Micronutrient Inflammatory State (Resulting in Nutrient
Chronicity Curves)” Imbalance (CRP, Cytokines) Intake < Requirement) Outcomes Affected
Acute (<3 Mild malnutrition Illness related Present Starvation (decreased Muscle weakness
months’ or at risk of Specify disease(s)  Usually severe or nutrient intake) Include muscle loss.
duration)  malnutrition (z moderate in acute  This may be disease- Lean body mass
score <-1) illness and mild related food depletion
in chronic illness deprivation or
behavioral/social (not
disease related)
Chronic (3 Moderate (z score Not illness Absent Hypermetabolism Cognitive/
months between —2 and related; Usually in (increased energy developmental
or -3) behavioral, malnutrition that requirement) delay/deficit
longer) socioeconomic is not related
to illness but
secondary to
starvation from
decreased intake/
delivery
Severe (z score <-3) Uncompensated Immune dysfunction
nutrient losses
(malabsorption)

Inability to use/
assimilate nutrients

Others: delayed
wound healing,

infections,
ventilator
dependence,
longer hospital/
ICU stay, etc

CDC, Centers for Disease Control and Prevention; CRP, C-reactive protein; ICU, intensive care unit; WHO, World Health Organization.
*WHO for <2 y; CDC for 2-20 y. The specifics of anthropometric variables and thresholds for classifying the degree of malnutrition will be discussed in a

separate document.

incorporates the chronicity, etiology, and severity of malnutri-
tion (see Table 1 and Table 2). This scheme also accounts for
the mechanism by which nutrient imbalance results in malnu-
trition, association with inflammation, and its impact on
growth, development, and functional outcomes. A simultane-
ous effort to develop specific diagnostic criteria for identifying
and classifying the severity of malnutrition based on anthropo-
metric parameters is currently under way and will be pub-
lished in the future.

In summary, pediatric malnutrition (undernutrition) is
defined as an imbalance between nutrient requirement and
intake, resulting in cumulative deficits of energy, protein, or
micronutrients that may negatively affect growth, develop-
ment, and other relevant outcomes. Based on its etiology, mal-
nutrition is either (1) illness related (1 or more diseases/injuries
directly result in nutrient imbalance) or (2) caused by environ-
mental/behavioral factors associated with decreased nutrient
intake/delivery (or both). Environmental factors that result in
malnutrition or negatively affect its remediation often involve

socioeconomic conditions associated with inadequate food
availability or complicating behavioral disorders such as
anorexia and food aversion. Malnutrition is classified as either
acute (fewer than 3 months in duration) or chronic (duration of
3 months or more). Chronic malnutrition may manifest with
growth deficits, especially diminished height velocity (stunt-
ing), which is a hallmark of this condition that may be observed
earlier than 3 months in the course of malnutrition. Hospital-
acquired malnutrition refers to nutrient imbalance acquired
during hospitalization and may occur with or without preexist-
ing malnutrition, or malnutrition that was present prior to hos-
pital admission.

The mechanisms of nutrient imbalance in illness-related
malnutrition include decreased nutrient intake, altered utiliza-
tion, increased nutrient losses, or increased nutrient require-
ments (hypermetabolism) not matched by intake. These basic
mechanisms may be interrelated, and more than one mecha-
nism is often involved. In addition, there is much more
to be learned about disease-specific disruptions of normal
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Table 2. Executive Summary of Recommendations.

Domain Recommendations

A. Anthropometric e Record weight, height, body mass index, and mid—upper arm circumference (MUAC), and consider

variables triceps skin fold (TSF) and mid-arm muscle circumference on admission and then serially, using

Relevant variables appropriate growth charts. MUAC and TSF require a trained professional to obtain these measurements.

Reference data e Head circumference must be obtained in infants younger than 2 years.

Statistical tests to e When feasible, a single trained individual using standardized technique and devices should perform
detect deviation from these anthropometric measurements for nutrition assessment in individual patients.
reference/standard e Measure an infant’s length supine on a length board until age 2 years, after which time they should be

measured upright. For children older than 2 years and unable to stand, consider using an alternative
measurement (eg, tibia length, knee height, arm span) for a height proxy.

e Weigh infants and children with minimal clothing on scales accurate to at least 100 g.

e Use existing technology (beds with accurate scales) to weigh children who are bedridden.

e Use the 2006 World Health Organization charts as a population standard against which individual
growth and nutrition characteristics should be described for children up to 2 years of age who are
measured in the supine position for length.

e For children aged 220 years, use the Centers for Disease Control and Prevention 2000 charts with
a standing height measurement used for plotting. Healthcare centers may use their electronic health
records systems to develop an efficient system of documenting and plotting serial measurements
against the reference or standard curves.

e Use the z score to express individual anthropometric variables in relation to the population reference standard.

e When assessing nutrition status on admission or first hospital visit, anthropometric parameters should
be recorded and plotted on reference/standard age-appropriate curves to obtain the z score.

e C(lassify severity of existing/current nutrition state based on cutoffs for individual anthropometric
parameters. Specifics of parameters and their cutoffs will be discussed in a separate document.

B. Growth e Use dynamic changes in weight and length velocity over time as compared with a single measured parameter.

Dynamic changes e Use a decline in z score for individual anthropometric measurement (eg, a decrease of more than 1) as

the indication of faltering growth. This threshold must prompt investigation into the etiology of growth
failure and potential interventions.

e Details of recommended frequency of measurements and cutoffs for severity will be described in a
separate document from the Academy of Nutrition and Dietetics.

C. Chronicity of e Use 3 months as a cutoff to classify duration of malnutrition as acute (<3 months) or chronic (3 months

malnutrition and longer).

D. Etiology of e When malnutrition is secondary to a disease/injury, use the term illness-related malnutrition in the
malnutrition definition and include the specific disease or condition (acute or chronic) if it is directly responsible for
and etiology and nutrient imbalance.
pathogenesis e Include a description of the predominant mechanism leading to nutrient imbalance in the definition.

Underlying illness Review and include the most common mechanisms for pediatric malnutrition: (a) decreased intake/

Mechanism of nutrient starvation (eg, fluid restriction, cardiac failure, anorexia nervosa), (b) increased requirement/

imbalance hypermetabolism (eg, burn injury), (c) excessive losses (chronic diarrhea, burns, proteinuria), and (d)

failure to assimilate (absorb or use) the delivered nutrients (eg, malabsorption states).

e Include more than one mechanism if mechanisms exist simultaneously.

e Recognize the role of inflammation on nutrition status.

e Consider including the presence of inflammation in the definition when laboratory parameters such as
C-reactive protein and cytokines are conclusive.

e Hospital-acquired malnutrition in children is malnutrition that is acquired or worsened after admission
to the hospital. Perform nutrition screening at admission to detect children at higher risk of nutrition
deterioration during the illness course.

e Awareness of nutrition deterioration during hospitalization will highlight the impact of disease on
nutrition state and provide opportunities for improvement in hospital system of care. This should be
documented as “worsening malnutrition” as soon as it is evident during the illness course.

E. Impact of malnutrition e Consider developmental assessment and neurocognitive monitoring in determining the impact of

on functional status chronic malnutrition in children.

e Include lean body mass measurement (by body composition measurement or anthropometric
techniques) with some measure of muscle strength as a meaningful and quantifiable expression of
outcomes affected by malnutrition in children.

e Use validated objective measures of body composition and uniform assessment techniques for muscle

strength in children.
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Table 3. Main Classification and Definitions/Characteristics of Pediatric Malnutrition.

Class

Definition/Characterization

1. Illness-related malnutrition
(severe or moderate)
outcomes.

Definition: Illness-related malnutrition (disease/trauma specified), caused by nutrient
imbalance and may be associated with one or more negative (ie, adverse or dysfunctional)

Etiology: The associated disease/illness/trauma should be specified. If more than one
condition is thought to affect nutrition status, specify the primary and secondary

conditions.

Severity”: The severity of malnutrition is based on the degree of deterioration in
key anthropometric markers and may be severe (usually with evidence of severe
inflammation®) or moderate (inflammation not severe).

Mechanism: Nutrient imbalance resulting from one or more of the following conditions:
decreased intake, increased requirement, increased losses, and altered utilization of

nutrients.

Chronicity: May be acute (duration less than 3 months) or chronic (more than 3 months).

2. Non-illness-related malnutrition:
caused by environmental/behavioral
factors (severe or moderate)

Definition: Malnutrition from environmental (starvation/socioeconomic) or behavioral
factors, resulting from decreased nutrient intake (lower than required), and may be
associated with one or more adverse developmental or physiologic outcomes.

Severity”: The severity of malnutrition is based on the degree of deterioration in key
anthropometric markers and may be severe or moderate.

Mechanism: Nutrient imbalance resulting from decreased intake.

Chronicity: May be acute (duration less than 3 months) or chronic (more than 3 months).

Severity of malnutrition is determined by anthropometric measurements and the relationship of these parameters with standard/reference charts. The
specifics of anthropometric variables and thresholds for classifying the degree of malnutrition will be discussed in a separate document.
"The presence or absence of inflammation influences disease-related malnutrition and must be indicated in the definition when improved markers of

inflammation become available in the future.

metabolic pathways in acute and chronic illness. It is antici-
pated that the definition of malnutrition will continue to
evolve with improved understanding of the diverse processes
that lead to and complicate the treatment of this condition. It
is widely believed, for example, that the presence and severity
of inflammation influence illness-related malnutrition and
should be included in its definition. However, the precise role
of inflammatory processes in the evolution and treatment of
pediatric malnutrition awaits further research in disease-spe-
cific pathophysiology as well as the development of specific
and cost-effective measuring tools. Children with malnutri-
tion are expected to fall into 1 of the 2 main categories
described in Table 3.

Finally, a meaningful definition of malnutrition must include
a quantifiable continuum of outcomes affected by specific
nutrient imbalances. In addition to anthropometric parameters
(height, weight, head circumference [HC]), suggested out-
comes affected by malnutrition include achievement of age-
appropriate developmental milestones, lean body mass
measurements, muscle strength, immune function or dysfunc-
tion, frequency or severity of acquired infections, wound heal-
ing, length of hospitalization, and disease-specific resource
utilization. Reaching consensus on a definition of pediatric
malnutrition should permit future research to focus on the
impact of malnutrition on pediatric functional outcomes and
will help solidify the scientific basis for evidence-based nutri-
tion practices.

Background

The World Health Organization (WHO) defines malnutrition
as “the cellular imbalance between the supply of nutrients and
energy and the body’s demand for them to ensure growth,
maintenance, and specific functions.”® This dynamic imbal-
ance of nutrients affects children differently than adults and
can have profound implications for the developing child. A
uniform definition of pediatric malnutrition is desirable. At
the outset, the working group identified key concepts or
domains that would be incorporated in the pediatric malnutri-
tion definition. These 5 domains—anthropometric parame-
ters, growth, chronicity of malnutrition, etiology and
pathogenesis, and developmental/functional outcomes—were
included in the overall construct of the definition. The distinc-
tion between acute and chronic malnutrition may have impor-
tant bearing on the interventional strategy used in its
management. Hence, the chronicity of the nutrient imbalance
must be accounted for in a definition. Screening for malnutri-
tion on admission to a healthcare facility or at the beginning
of an illness allows assessment of current nutrition status and
facilitates early detection of subsequent nutrition deteriora-
tion related to the illness. Disease type and severity is an
important variable that dictates nutrient needs and the ability
to deliver and assimilate nutrients. Furthermore, there is
increasing recognition of the prevalence of disease-related
malnutrition that includes an inflammatory component.9 The
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Table 4. Key Domains for Literature Search and Potential Inclusion in the Definition for Pediatric Malnutrition.

Domain

Questions to Address

A. Anthropometric variables
Relevant variables
Reference data
Statistical tests to detect deviation
from reference/standard

B. Growth
Dynamic changes

C. Chronicity of malnutrition

D. Etiology of malnutrition and
etiology and pathogenesis

. What anthropometric variables should be measured when assessing nutrition status in

hospitalized children?

. Which reference data (National Center for Health Statistics vs World Health Organization

growth curves) should be used to plot the individual measurements?

. Which statistical method should be used to classify nutrition status as deviation from

population central tendency? (SD, percentile, or z score)

. What are the objective parameters for detecting abnormal growth (eg, crossing percentiles,

change in z -score for anthropometric variable)?

. How is malnutrition classified based on duration: acute vs chronic?

. What is the impact of underlying illness/injury on nutrition status?
. What are the potential mechanisms leading to nutrient imbalance?
. What is the relationship between inflammation and nutrition status?

AW N~

. Was malnutrition present at admission? If so, has there been deterioration of nutrition

status during this hospital stay?

E. Impact of malnutrition on 1. What are the adverse outcomes affected by pediatric malnutrition?

functional status

complex interplay between inflammation and nutrition is not
well characterized in children, but contemporary definitions
of malnutrition will need to account for the impact of inflam-
mation on nutrition status. Finally, no definition of malnutri-
tion is complete without addressing its impact on functional
outcomes. The myriad effects of macronutrient and micronu-
trient deficiencies on outcomes such as growth, body compo-
sition, muscle strength, intellectual and developmental ability,
and overall quality of life are perhaps most important in the
pediatric age group.

Method

The Pediatric Malnutrition Definitions Workgroup was formed
in April 2010, and members were assigned the task of review-
ing existing pediatric age group English-language literature
published between 1955 and 2011. Identified studies were also
searched for relevant references related to the 5 domains of the
definition that were determined a priori. Each domain was
subdivided into concepts and questions (see Table 4).
Keywords used for searches generally included pediatrics,
nutrition, malnutrition, and undernutrition and then, specifi-
cally for each of the domains, the following:

A. Anthropometric variables: weight, weight loss,
height, HC, body mass index (BMI), body com-
position, nutrition screening and assessment, nu-
trition history, anthropometrics, survey, muscle
mass, fat-free mass, lean body mass, and intake

B. Growth: growth charts, WHO, Centers for Disease
Control and Prevention (CDC), wasting, and stunting

C. Chronicity of malnutrition: chronic vs acute mal-
nutrition, hospital length of stay, growth charts
and curves, height stunting over time, weight loss
over time, and lean body mass loss over time

D. Etiology and etiopathogenesis: disease state, so-
cioeconomic status, poor intake, malabsorption,
pathophysiology of pediatric malnutrition, energy
balance, inflammation, congenital defects, acute in-
flammatory (injury, infection, etc), chronic inflam-
matory disease, child nutrition disorders/etiology,
malabsorption, and abnormal nutrient distribution

E. Functional status: developmental delays, muscle
function, cognitive abilities, growth and develop-
ment, behavior, cognition, strength, social ability,
muscle strength, hand strength, pinch strength,
performance, hand grip strength (HGS), maximal
HGS, dominant hand maximal HGS, peak power,
force plate, loss, accrual, muscle motor function,
motor skills, cognition, cognitive development,
schooling, grade, 1Q score, intelligence, 1Q, cog-
nitive, Binet or Raven or Peabody, and neuropsy-
chological function

The best available literature starting with primary references
was obtained and carefully reviewed. Any prospective random-
ized controlled trials (RCTs), controlled cohort studies, or sys-
tematic reviews were analyzed. Evidence tables were formatted
to display the evidence for each domain to guide the definition
development. Recommendations were provided on the scope of
each of these domains based on available evidence and by an
iterative process to arrive at a multidisciplinary consensus.
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Table 5. Historical Malnutrition Classification Schemes: Anthropometry.

Classification Variable Grade Definition
Gomez et al' Median WFA (%) Mild (grade 1) 75%-90% WFA
Moderate 60%—74% WFA
(grade 2) <60% WFA
Severe (grade 3)
Waterlow (wasting)"? Median WFH (%) Mild 80%-89% WFH
Moderate 70%—-79% WFH
Severe <70% WFH
Waterlow (stunting)'? Median HFA (%) Mild 90%—94% HFA
Moderate 85%-90% HFA
Severe <85% HFA
WHO (wasting) WFH (z scores below median  Moderate z score between —2 and —3
WFH) Severe z score <—3
WHO (stunting) HFA (z scores below median ~ Moderate z score between —2 and —3
HFA) Severe z score <—3
Kanawati and McLaren'® ~ MUAC/HC Mild <0.31
Moderate <0.28
Severe <0.25
Cole et al*” BMI (BMI z scores for age) Grade 1 BMI z scores for age <—1
Grade 2 BMI z scores for age <—2
Grade 3 BMI z scores for age <—3

BMI, body mass index; HC, head circumference; HFA, height-for-age; MUAC, mid—upper arm circumference; WFA, weight-for-age; WFH, weight-for-

height; WHO, World Health Organization.

Results

The following sections summarize the results of the literature
reviews and summary recommendations to the questions
developed in the 5 domains.

Domain A: Anthropometric Variables for
Assessing Nutrition Status

Question A1. What anthropometric variables should be mea-
sured when assessing nutrition status in hospitalized children?
Assessment of malnutrition involves accurate measurements
of anthropometric variables such as weight and length/height,
which are plotted on population growth curves against which
an individual child is compared.IO However, there remains
considerable controversy regarding the most useful measure-
ment and inconsistency in the anthropometric parameters used,
or the statistical measures employed to characterize the indi-
vidual nutrition state. Table 5 summarizes some of the classifi-
cation schemes for pediatric malnutrition.

In 1956, Gomez et al'! introduced a classification of malnu-
trition based on weight below a specified percentage of median
weight-for-age. To distinguish stunting (chronic malnutrition)
from wasting (acute malnutrition), the calculation of height-
for-age was introduced.'? In 1977, Waterlow et al'>*'* recom-
mended the use of percentiles and standard deviations (SDs)
below the median to define underweight, wasting, and stunt-
ing. These definitions with subsequent WHO modifications
continue to be used widely. Table 6 includes studies that have

described the use of anthropometric parameters for defining
and classifying pediatric malnutrition.

However, accurate serial weight and height measurements
are challenging to obtain in hospitalized children. Obtaining
serial weights and heights is generally a low priority. Also, a
large proportion of patients do not have these measurements
recorded during their course in the hospital."”> Furthermore,
acute illness is often associated with fluid retention and edema
that make weight measurements unreliable. In addition to daily
fluid shifts, the accuracy of measurements would be affected
by dressings, tubing, and other equipment required for care.
Critically ill children are often deemed too ill to be moved for
weight measurements. The use of in-bed scales may allow
accurate serial weighing in this population, especially in
infants and neonates.'®'” As a result, alternative anthropomet-
ric tools have been proposed for assessing malnutrition. Mid—
upper arm circumference (MUAC) has been suggested as a
proxy for weight and HC as a proxy for height.'® In the patients
with fluid shifts and edema, MUAC may be a better indicator
than weight-for-height for classification of acute malnutri-
tion.'” MUAC changes little during the early years. It is simple
and accurate, and it predicts malnutrition-related mortality
with reasonable specificity and sensitivity."*** Prospective
studies in Asia have reported that MUACs of <110 mm predict
the risk of death from malnutrition within 6 months.>* Mid-arm
muscle circumference (MAMC) may be calculated from
MUAC and triceps skin fold (TSF) using the formula MAMC
= MUAC — (TSF x 0.314). TSF alone may be a useful screen-
ing variable in children.”> However, its accuracy in children
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Table 6. Studies Describing the Use of Anthropometric Parameters for Pediatric Malnutrition Definition.

Study Design, Population,
Author and Year Quality Setting, N Study Objective Results Comments
Salvatore et al,'” Review Cystic fibrosis,  Useful malnutrition BMI percentile Specific disease process
2010 North parameters associated with but good data on
America pulmonary function outcomes and BMI
percentile
Lucidi et al,'® Prospective, Cystic fibrosis,  Parameters compared =~ BMI percentile best Specific disease but BMI
2009 medium Europe to assess nutrition parameter, correlated percentile correlated
N =892 with lung function with outcomes
Hirche et al,'”  Retrospective, ~Cystic fibrosis, ~ Value of calculatinga  %IBW not useful as a Negative study; showed
2009 medium Europe %IBW marker of nutrition methodological
N=4577 (3849 status flaws with %IBW
controls) calculations
Olsen et al,”! Retrospective, FTT, Europe Parameters to define None of the 7 For FTT, single
2007 medium N =4641 FTT anthropometric anthropometric
parameters accurately measurement not
diagnosed FTT reliable for all age
groups
Shet et al,'"’ Retrospective, HIV, India Risk factors for Malnutrition is associated ~Multivariate analysis
2009 medium N =248 mortality in HIV- with anemia done, but HIV infected
infected children tended to be anemic
and malnourished
Manary and Review Mixed, global Management of acute  W/H z score to define, General review
Sandige,108 malnutrition MUAC useful, edema
2008 in severe
Akinbami et al,'” Prospective, Mixed, Africa Nutrition markers and MUAC and BMI z score ~ Parameters assessed for
2010 high N=164 hospital outcome <=2 predicted mortality hospital outcomes
Bejon et al,"? Prospective, Mixed, Africa Nutrition markers and MUAC z score best, Parameters assessed for
2008 high N=13,307 hospital outcome BMI z score <-3 okay hospital outcomes
predicted hospital
mortality
Van den Broeck  Prospective, Mixed, Africa Nutrition markers and MUAC best, weight for Mortality outcome after
etal,'" 1996 medium N =4238 eventual mortality height better if use z 30 months; done in
score <—0.75 primarily younger age
group
Mezoff et al,''? Prospective, RSV in ICU, Nutrition markers and  Screen (W/H, disease, Combo screen assessed
1996 medium North hospital outcome CBC, serum albumin) for hospital outcomes,
America predicted LOS and low N
N=25 time on O 5
Mahdavi et al,'® Prospective, ~ Mixed, Middle ~ SGA vs objective SGA (weight A, diet, GI,  SGA sensitivity good,
2009 high East measures functional, disease) specificity poor
N =140 identified malnourished
Hulst et al,¥ Prospective, Mixed, Europe  Strong screen Strong screen (subjective, Screen great sensitivity
2010 high N =424 validation disease, intake/loss, for outcome
weight A) predicted
prolonged stay
Sermet-Gaudelus Prospective, Mixed, Europe  Nutrition risk score Risk score (diet, pain, High score predicted
et al,* 2000 high N=296 validation disease) predicted weight loss in hospital
hospital weight loss
Oztiirk et al,'"* Prospective, Mixed, Middle  Nutrition markers and BMI and TSF if low at Parameters assessed for
2003 medium East hospital outcome admittance predicted hospital outcome
N=170 hospital weight loss
Campanozziet  Prospective, Mixed, Europe  Nutrition markers and BMI z score <-2 BMI predicted hospital
al,*” 2009 high N =496 hospital outcome predicted hospital outcome

weight loss

BMI, body mass index; CBC, complete blood count; FTT, failure to thrive; GI, gastrointestinal; HIV, human immunodeficiency virus; IBW, ideal body
weight; ICU, intensive care unit; LOS, length of stay; MUAC, mid—upper arm circumference; RSV, respiratory syncytial virus; SGA, small for gestation
age; TSF, triceps skin fold; W/H, weight-for-height.
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with extensive muscle wasting may be questionable.”® The
standard of care is to measure recumbent length (also known as
supine) for infants and children younger than 2 years and
standing height for those older than 2 years. However, it is
often difficult (if not impossible) to obtain a standing height
with acutely ill children, as well as nonambulatory populations
(eg, cerebral palsy). In such cases, there are various methods
available for obtaining linear measurements, each with
strengths and shortcomings. Many portable length boards can
convert into stadiometers and thus could feasibly be used to
measure recumbent length for older children (eg, measuring
table). Notably, if recumbent length and standing height (ie,
stature) are obtained on the same person, there is a difference
of approximately 0.8 cm (1/3 inch), with standing height mea-
suring less than recumbent length. Obtaining a recumbent
length measurement without proper equipment (ie, measuring
tape on a bed) does not yield accurate results. If a measuring
table is not available, it is recommended to obtain an alterna-
tive proxy measure of height, such as arm span, knee height, or
tibia length. An in-depth discussion of each technique is
beyond the scope of this article, but additional information can
be found in the literature.”*’

BMI is calculated as weight in kilograms divided by height
in meters squared, and it can be used to express weight adjusted
for height. To account for variability by sex and age, BMI in
children is compared with sex- and age-specific reference val-
ues. BMI cutoffs have been suggested as criteria for defining
thinness in children and adolescents.’® The 17-kg/m’ thinness
cutoff in this study is close to the —2 SD cutoff for wasting. In
adolescents with eating disorders, the percentage of expected
body weight (EBW) is used clinically for diagnosis of anorexia
nervosa and as a threshold for management decisions. A patient
with <75% EBW is likely to meet the criteria for severe malnu-
trition and admission to an inpatient facility.’'** However, there
are concerns regarding the existing methods used to derive this
threshold, as they use different reference data. The use of
weight-for-height and BMI does not yield equivalent EBW
determinations and may affect clinical decisions.”® HC is a use-
ful index of nutrition status and brain development and is asso-
ciated with scholastic achievement and intellectual ability in
school-aged children.** The long-term effects of severe under-
nutrition at an early age may result in delayed HC growth, delay
of brain development, and decreased intelligence and scholastic
achievement, variables that are strongly interrelated. In their
study of 96 right-handed healthy high school graduates (mean +
SD age 18.0+ 0.9 years) born at term, Ivanovic et al** examined
the interrelationships between head size and intelligence, learn-
ing, nutrition status, brain development, and parental head size.
In this study, HC and brain volume were negatively correlated
with undernutrition during the first year of life.

The validity of individual anthropometric parameters may
vary based on the population of children. Hence, a combination
of measurements obtained by a trained individual in combination

with other clinical parameters should guide nutrition assessment
in children. Serial anthropometric measurements are absolutely
necessary to assess optimal growth during the course of illness.

Recommendation A1

e Record weight, height, BMI, and MUAC and con-
sider TSF and MAMC on admission and then seri-
ally using appropriate growth charts. HC must be
obtained in infants younger than 2 years.

e When feasible, a single trained individual (usu-
ally a dietitian) using standardized techniques and
devices should perform these anthropometric mea-
surements for nutrition assessment in individual
patients.

e Measure infants’ length supine on a length board
until 2 years of age, after which time they should
be measured upright. For children older than 2
years and unable to stand, consider using an alter-
native measurement (eg, tibia length, knee height,
arm span) for a height proxy.

e Weigh infants and children with minimal clothing
on scales accurate to at least 100 g.

e Use existing technology (such as beds with accu-
rate scales or Hoyer lifts) to weigh children who
are bedridden.

These are recommendations for anthropometric parameters
that should be incorporated in the definition. Future studies will
help further evaluate the importance of each of these variables,
including the role of body composition measurements, in defin-
ing malnutrition and the response to nutrition interventions.

Question A2. Which reference data (CDC vs WHO growth
curves) should be used to plot the individual measurements? The
WHO adopted the National Center for Health Statistics
(NCHS) classification in 1983 as the international reference
to classify children as underweight, wasted, or stunted.*® The
CDC'’s 2000 percentile curves were developed in an effort to
address some of the concerns regarding extrapolation of
NCHS data to heterogeneous populations. The charts include
a set of curves from birth to 36 months of age and a set for
children and adolescents 2-20 years of age. The 2000 CDC
growth charts more closely matched the national distribution
of birth weights than did the NCHS growth charts and could
be used to obtain both percentiles and z scores. In 2006, the
WHO adopted a new population standard based on an interna-
tional multicenter study using exclusively breastfed children
of diverse ethnic backgrounds from 6 diverse geographical
regions: Brazil, Ghana, India, Norway, Oman, and the United
States.”” The WHO Multicentre Growth Reference Study
(MGRS) was conducted between 1997 and 2003. The study
combined longitudinal follow-up of 882 infants from birth to
24 months with a cross-sectional component of 6669 children
aged 18-71 months. The study populations lived in
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Table 7. Studies Comparing the Standard Reference Charts for Malnutrition Definition.

Study Design,  Population, Setting, N; Study
Author and Year Quality Objective Results Comments
Sikorski et al,'"” Prospective Mixed, Ethiopia, N = 55; Moyo chart increased

2010 randomized =~ Moyo chart vs traditional
crossover look-up tables
Vesel et al,*' 2010 Retrospective Mother-infant pairs in

Ghana, India, and Peru,
N =9424

Prevalence of
malnutrition using
WHO vs NCHS

diagnostic accuracy,
decreased time taken
per correct diagnosis,
and found to be easier
by participants.

WHO better predictor of
malnutrition, identified
more malnutrition in
first 6 months of life

Gradual increase in prevalence
of malnutrition with
WHO, sharp increase in
malnutrition after 6 months
of age with NCHS

Alasfoor and Retrospective  Mixed, Oman; WHO vs NCHS Differences not consistent
Mohammed, " across age groups
2009 (abstract only)
Wang et al,* 2009 Prospective ~ Mixed, China, N = 8041; WHO found more stunting,
Cross- WHO vs NCHS on nutrition NCHS found more
sectional status underweight except
survey in 0—5 months group
Isanaka et al,''” 2009 Prospective Acute malnutrition, Niger, WHO classified 8 times
N =56,214; WHO vs NCHS in more children as severely
children with acute malnutrition =~ malnourished compared
with NCHS.
Yang and de Onis, ' Retrospective Mixed, global, 271 data points; When raw data not available,
2008 algorithms for converting algorithms accurately
NCHS to WHO standards calculate WHO estimates
when raw data not available using historical NCHS-
based estimates
Nuruddin et al,'"’ Retrospective, Mixed survey, Asia, N = 2584; BMI identification of WHO curves identified more
2009 medium comparison of growth curves malnourished as malnourished
Nash et al,'?® 2005 Prospective,  Mixed hospitalized, Canadian, Newest CDC curves New curve better for diagnosis
medium N = 548; compare big 3 defined more children

growth curves

as malnourished.

BMI, body mass index; CDC, Centers for Disease Control and Prevention; NCHS, National Center for Health Statistics; WHO, World Health Organiza-

tion.

socioeconomic conditions favorable to growth, and mothers
followed healthy practices such as breastfeeding and not
smoking during and after pregnancy. Hence, the new WHO
standards depict normal human growth under optimal envi-
ronmental conditions and can be used to assess children
everywhere, regardless of ethnicity, socioeconomic status, or
type of feeding. These standards demonstrate that healthy
children from around the world who are raised in healthy
environments and follow recommended feeding practices
have strikingly similar patterns of growth. Weight-for-age,
length/height-for-age, weight-for-length/height, and BMI-for-
age percentile and z score values were generated for boys and
girls aged 0—60 months. The WHO charts reflect growth pat-
terns among children who were predominantly breastfed for
at least 4 months and were still breastfeeding at 12 months of

age. The use of the new WHO growth standards is recom-
mended for infants aged 0—24 months.

For children between the ages of 2 and 5 years, both the
new WHO and the CDC 2000 charts are available. The data-
gathering techniques for both charts were similar for this age
group. To avoid multiple transitions between charts for plot-
ting growth parameters during a child’s lifetime, the use of
CDC charts for all children 2 years and older is appropri-
ate.*® The methods used to create the WHO and CDC charts
are similar after 24 months of age, and the CDC charts can
be used continuously through 19 years of age. Hence, transi-
tioning at age 24 months is feasible because measurements
switch from recumbent length to standing height at this age,
necessitating the use of new printed charts. Table 7 summa-
rizes studies that have reported the use of growth charts for
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definitions of pediatric malnutrition. Some studies have
shown that the WHO growth reference curves result in a
higher measured prevalence of malnutrition when compared
with NCHS standards.**** There is some variability in prac-
tice related to correcting for gestational age in premature
infants. Most premature infants are expected to catch up
with their peers by age 2—3 years. The American Academy of
Pediatrics (AAP) policy clarifies the use of “corrected
(adjusted) age” for premature infants until 3 years of chrono-
logical (postnatal) age.* This value is calculated by sub-
tracting the number of weeks of gestation at birth from 40
weeks of gestational age.

Recommendation A2

e Use the 2006 WHO charts as a population stan-
dard against which individual growth and nutrition
characteristics should be described for children up
to 2 years of age who are measured in the supine
position for length.

e For children and adolescents (aged 2-20 years),
use the CDC 2000 charts with a standing height
measurement used for plotting. Healthcare centers
may use their electronic health records (EHR) sys-
tems to develop an efficient system of document-
ing and plotting serial measurements against the
reference or standard curves.

e Use corrected age (number of weeks/months pre-
mature + chronological age) for preterm infants
until they are 3 years old.

These recommendations mirror those by the CDC and the
AAP. Future studies examining the use of growth charts incor-
porated in EHRs that allow easy plotting of anthropometric
parameters and visual displays of growth are desirable. EHRs
may also include prompts for missing anthropometry in hospi-
talized patients.

Question A3. Which statistical method should be used to clas-
sify nutrition status as deviation from population central ten-
dency? A variety of statistical scales are used worldwide to
describe anthropometric parameters and diagnose malnutri-
tion in children’ (Table 8). Percentage of median refers to
the ratio of a child’s weight to the median weight of a child
of the same height in the reference data, expressed as a per-
centage (eg, if the median weight of the reference data for a
particular height is 10 kg, then a child weighing 8 kg is 80%
weight-for-height). Percentiles rank the position of an indi-
vidual’s measurement on the reference curves, indicating
what percentage of the population will be less or greater
than that individual (eg, if 10% of the reference population
weighs less than the child being considered, then the child
is on the 10th percentile). The z scores describe how far (in
standard deviation or SD units) a child’s weight is from the
mean weight of a child at the same height in the reference

11
Table 8. Summary of Anthropometric Scales.
Percent of
z Scores Percentiles Median
Normalized curves Yes Yes No
Extreme values interpreted Yes Yes No
consistently across age and
height spectrum?
Interpretation of cutoff value Yes Yes No
consistent across indices?
Ability to identify children Good Poor Good

with extreme values?
Normal distribution of values Yes No Yes
from a study population?

Adapted by A.S.P.E.N. with permission from Gorstein J, Sullivan K,
Yip R, et al, World Health Organization. Issues in the assessment of
nutritional status using anthropometry. Bulletin of the World Health
Organization 1994;72:273-283, Table 5.'%'

data. For example, an observation value that has a z score of
—11is 1 SD less than the mean on a normal/Gaussian curve
of the reference data set. Hence, 34% of the values in the
data set are expected to have a z score between zero (mean)
and —1. z scores have been used for several years now, and
the WHO has recommended the use of z scores in express-
ing anthropometric measures, especially when describing
groups of subjects.'* z Scores allow more precision in
describing anthropometric status than does the customary
placement “near” or “below” a certain percentile curve. For
example, the phrase “below the third percentile” does not
distinguish between a child who is just below this point
(whose z score may be —2.1) from one with severe growth
faltering (whose z score may be —3.5 or lower). Similarly,
3% of normal children will weigh less than the third percen-
tile, but a z score significantly lower than —2.0 clearly indi-
cates a growth problem. CDC computer programs allow
calculations for anthropometric data such as weight-for-
height and weight-for-age, which can be expressed as z
scores without needing extensive manual plotting and cal-
culations. Recent EMRs allow plotting of anthropometric
parameters on exact percentiles, and some also provide cal-
culations of z scores for values recorded.

Refer to the appendix for additional resources on determin-
ing z scores for anthropometrics. When using percentiles or z
scores, “average” is the median (50th percentile) when percen-
tiles are used, but “average” is the mean when z scores are used.

Recommendation A3

e Use the z score to express individual anthropomet-

ric variables in relation to the population reference
standard.

e When assessing nutrition status on admission or

first hospital visit, anthropometric parameters
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should be recorded and plotted on reference/stan-
dard age-appropriate curves to obtain the z score.
Serial measurements are absolutely necessary for
longer hospital stays.

e C(lassify the severity of existing/current nutrition
state based on cutoffs for individual anthropomet-
ric parameters. Specifics of relevant parameters
and frequency of measurements and their cutoffs
will be discussed in a separate document.

Domain B: Growth

Question Bl. What are the objective parameters for detecting
abnormal growth? Failure to thrive (FTT) is a term used to
describe children who are not growing as expected. It is esti-
mated that up to 5 in 100 infants and children in the United
States have FTT.* Although other factors may be responsible
for FTT, more than 90% of cases in most studies do not have
an underlying medical cause, and virtually all causes are iden-
tified by a careful history and physical exam.*” Environmental
and behavioral causes predominate, and detrimental effects of
chronic malnutrition on neurocognitive development are well
documented.”® Recommendations for treating and evaluating
children with mild growth deviations in primary care settings
and a standardized definition of FTT that warrants more inten-
sive treatment would help ensure that children are referred
appropriately and that resources are focused on the highest risk
children.”’

It is generally agreed that growth faltering or FFT should be
defined by deterioration in anthropometrical parameters, but
there is no consensus regarding the specific anthropometrical
criteria.” Failure to gain weight is generally used, with a cutoff
of around the fifth percentile for weight-for-age.”’ In addition
to the above method of using cutoff values for attained growth,
it is necessary to assess the progression of growth chronologi-
cally when evaluating malnutrition or FTT. When defining
FTT based on growth velocity, the most commonly used crite-
rion is “downward crossing of more than two major percentile
lines” or “being among the slowest gaining 5% on a condi-
tional weight gaining chart (which compares an infant’s cur-
rent weight with that predicted from their previous weight)”.*>*
A decrease in weight-for-age z score has been used to define
growth failure and as an outcome measure in several recent
studies.’**> A decrease in weight-for-age of more than 0.67 z
score during the first months after surgery for congenital heart
defects, corresponding to a downward percentile crossing
through at least one of the displayed percentile lines on stan-
dard growth charts, is strongly related to late mortality in chil-
dren undergoing cardiac surgery.”® In contrast, long-term
surviving children showed a mean increase in weight-for-age z
scores after the final operation. Hence, there is increasing use
of z scores and changes in z scores for anthropometric mea-
surements. There seems to be a trend toward using z scores as
a uniform strategy to define and classify malnutrition and

growth failure for the purposes of scientific investigation and
community interventional programs.

Although recommendations for the frequency of obtaining
serial anthropometric measurements are available, these need
to be further reviewed before uniform application. A potential
problem in the hospital setting could be the lack of access to
historical data to determine growth patterns. EHRs may help to
bridge this gap in information across different settings. Until
such measures are in place, the ability of the hospital-based
clinicians to evaluate trends in anthropometric parameters may
be limited in some patients.

Recommendation Bl

e Use dynamic changes in weight and length veloc-

ity over time as compared with a single measured
parameter.
e Use a decline in z score for individual anthropo-
metric measurement (eg, a decrease of more than
1) as the indication of faltering growth.

e The threshold for anthropometric deterioration
must prompt investigation into the etiology of
growth failure and potential interventions.

Domain C: Chronicity of Malnutrition—
Acute vs Chronic

Question C1. How is malnutrition classified based on duration:
acute or chronic? Acute malnutrition results in weight decline
that is hallmarked by a decrease in the patient’s weight-for-
height. Chronic malnutrition is most often identified by a falter-
ing height-for-age and affects long-term growth as a result of
chronic nutrition deficiency.’’ The distinction between acute
and chronic illness is based on time. The NCHS (www.cdc.gov/
nchs/ich.htm) defines chronic as a disease or condition that
lasts 3 months or longer. Chronic malnutrition may be charac-
terized by stunting (decreased height velocity). This is a charac-
teristic of chronic malnutrition that may be irreversible and
manifest earlier than 3 months if nutrient deficiency is severe.
Recommendation CI
e Use 3 months as a cutoff for delineation between
acute (<3 months) or chronic (=3 months) malnu-
trition.
e Chronic malnutrition may be characterized by
height-for-age (HFA) that is less than —2 z scores.

Domain D: Etiology and Pathogenesis of
Malnutrition

Question D1. What is the impact of underlying illness on nutri-
tion status? The prevalence of malnutrition varies depending
on the underlying medical conditions, ranging from 40% in
patients with neurologic diseases to 34.5% in those with infec-
tious disease, 33.3% in those with cystic fibrosis, 28.6% in
those with cardiovascular disease, 27.3% in oncology patients,
and 23.6% in those with GI diseases.’ Patients with multiple
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diagnoses are most likely to be malnourished (43.8%). In a
population of children scheduled for elective surgery in a ter-
tiary referral hospital, 51% of children were malnourished.® In
their study of 424 children aged 30 days or older, Joosten et al
documented a prevalence of 11% acute malnutrition and 9%
chronic malnutrition upon admission to the hospital.” The
strongest predictor of malnutrition upon admission was the
presence of underlying disease. Children with acute malnutri-
tion had a longer hospital length of stay than those without. In
this study, malnutrition was determined by the presence of any
one of the following cutoffs: (a) weight-for-height (WFH) SD
score lower than —2, (b) WFH less than 80% of the median, (¢)
% ideal body WFH less than 80%, (d) WFH less than fifth
percentile, or (¢) BMI SD score of less than —2. A uniform
definition of malnutrition is expected to provide a more accu-
rate prevalence of malnutrition in children and hence allow
determination of the impact of specific disease states on nutri-
tion status. Table 9 summarizes studies demonstrating the
impact of specific diseases on nutrition status in children.

Children with CHD have a high incidence of protein-
energy malnutrition (PEM), which contributes to the poor out-
come in this cohort.”” Common reasons for energy deficits in
children with CHD include decreased intake, increased energy
expenditure (attributable to cardiac failure or increased work
of breathing), and malabsorption (attributable to increased
right-sided heart pressure, lower cardiac output, or altered
gastrointestinal function).®%? Longer hospital length of stay
and frequency of readmission were significantly correlated
with poor nutrition status in children with single-ventricle
physiology, and aggressive enteral nutrition (EN) and paren-
teral nutrition (PN) were associated with better nutrition sta-
tus. Patients in this study demonstrated continued nutrition
deterioration over time, and a majority were severely under-
weight at the time of subsequent hospitalization for major car-
diac surgery.*® Studies with aggressive nutrition interventions
and home monitoring programs are currently under way by
facilities through the National Pediatric Cardiology Quality
Improvement Collaborative.

Children with burn injuries manifest a prolonged hyper-
metabolic stress response, with a catabolic state that can persist
for weeks after the initial injury. Poor intake in this group
results in energy deficits, and the negative effects of energy
deficit on nutrition status may persist for months after injury.
Decrease in lean body mass has been shown for up to a year
after the burn injury, with delayed linear growth reported for
up to 2 years after burn injury.***> One in every 5 children
admitted to the pediatric intensive care unit (PICU) experi-
ences acute or chronic malnutrition.””**’ The increased
energy demands secondary to the metabolic stress response to
critical illness, failure to prescribe adequate nutrients, and
delay or failure to administer the prescribed nutrients are fac-
tors responsible for the subsequent deterioration of nutrition
status in children admitted to the PICU. Therefore, acute and
chronic malnutrition have been shown to worsen at discharge

from the PICU.”® Several other groups of patients are deemed
at a higher risk of malnutrition, including children with cystic
fibrosis, oncologic illnesses, GI diseases, and neurologic
impairment. Eating disorders represent the third most common
chronic disease in adolescents after obesity and asthma.
Recently, hospitalizations for children younger than 12 years
with eating disorders have increased significantly. Eating dis-
orders may indeed be biologically based and probably consti-
tute a major cause of undernutrition in the pediatric age group
in industrialized nations.

Hence, the definition of malnutrition must include specific
conditions that contribute to the nutrition state. The mechanisms
responsible for nutrient deficits in these patients may vary.

Recommendation D1

e Include the specific disease condition in the mal-

nutrition definition if it is directly responsible for
energy and/or protein imbalance.
For example, a patient with a burn injury resulting in acute
deterioration of nutrition status should be classified as having
burn-related acute malnutrition.

Question D2. What are the potential mechanisms leading to
the nutrient imbalance? Malnutrition is the result of an
imbalance between nutrient requirement and intake/deliv-
ery. A variety of mechanisms may alter this balance in hos-
pitalized children. Malnutrition typically occurs along a
continuum of inadequate intake and/or increased require-
ments, impaired absorption, and altered nutrient utilization.
Weight loss or impaired growth can occur at multiple points
along this continuum. Individuals may also present with
inflammatory, hypermetabolic, and/or hypercatabolic con-
ditions. Table 10 summarizes studies in which some of
these mechanisms are elucidated.
Recommendation D2
e Include a description of the most predominant
mechanism leading to nutrient imbalance in the
definition. Review and include the most com-
mon mechanisms for pediatric malnutrition: (a)
decreased intake/starvation (eg, fluid restric-
tion, cardiac failure), (b) increased requirement/
hypermetabolism (eg, burn injury), (c) excessive
losses (chronic diarrhea, protein-losing enteropa-
thy, burns, proteinuria), and (d) failure to assimi-
late (absorb or usze) the delivered nutrients (eg,
malabsorption states, cystic fibrosis, short bowel
syndrome).
e Include more than one mechanism if mechanisms
exist simultaneously.

Question D3. What is the relationship between inflammation
and nutrition status? Inflammatory conditions may increase
requirements for nutrients while promoting a nutrient-wast-
ing catabolic state. Illness-related malnutrition is associated
with an inflammatory component. Inflammation promotes
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skeletal muscle breakdown, mediated by a cytokine-driven
pathway.®®® Critical illness or injury promotes an acute
inflammatory response that has a rapid catabolic effect on
lean body mass.”” The acute phase inflammatory response
is associated with elevated resting energy expenditure and
nitrogen excretion and thereby energy and protein require-
ments, respectively. Nutrition supplementation alone only
partly reverses or prevents muscle protein loss in active
inflammatory states.”' The anorexia that accompanies
inflammation will promote further loss of lean tissue if
nutrition intake is inadequate. Over the past decade, it has
become increasingly evident that the pathophysiology of
disease or injury-associated malnutrition invariably includes
acute or chronic inflammation that affects body composi-
tion and biological function.®®

The inflammatory condition may be short-lived or chronic
in nature with the severity being influenced by the progression
and extent of underlying illness/disease condition. Loss of
muscle mass and function may occur insidiously in the chronic
disease state over months to years. It is important to recognize
the presence or absence of a systemic inflammatory response
in the malnourished state, as it affects the response to interven-
tion. In the absence of inflammation, as seen in malnutrition
due to starvation, appropriate nutrient interventions may be
successful in treating malnutrition. On the other hand, the pres-
ence of inflammation may limit the effectiveness of nutrition
interventions, and the associated malnutrition may compro-
mise the clinical response to medical therapy. If inflammation
is present, then it is useful to clarify whether it is mild, moder-
ate, or severe and transient or sustained. The recently proposed
adult malnutrition definition has suggested that acute disease-
related malnutrition is probably associated with a severe
degree of inflammation and chronic disease-related malnutri-
tion with a mild to moderate degree of inflammation.**"
However, the role of inflammation and currently available
inflammatory markers, such as C-reactive protein (CRP) or
erythrocyte sedimentation rate, in classifying pediatric malnu-
trition severity has not been adequately described.

Inflammatory cytokines can impair growth via multiple
pathways. Anorexia, skeletal muscle catabolism, and cachexia
affect the growth plate via insulin-like growth factor 1 (IGF-
1)-independent or IGF-1—dependent pathways.”>”* The inhibi-
tory effects of tumor necrosis factor—a (TNF-a) and interleukin
(IL)-1p on the growth plate are reversed by anti—IL-13 and
anti—-TNF-a.”> The effect of TNF-o. on IL-6 transcription and
circulating leptin level may be reversed by infliximab.”®” In
pediatric Crohn’s disease, growth retardation may result from
a complex interaction between nutrition status, inflammation,
disease severity, and genotype, which causes resistance to the
effects of growth hormone.” Elevated serum concentration of
CRP is one of the most common nontraditional markers used
to stratify cardiovascular risk, and it has been used to identify
patients with chronic inflammation as it reflects a proinflam-
matory state. IL-6 concentrations may be an important marker

of early inflammatory response with serial levels correlating
with nutrition status in critically ill children.” Although there
is no doubt about the association between inflammatory state
and nutrition recovery, the precise nature of this relationship
remains elusive. Furthermore, despite evidence of a key role
for the inflammatory cytokines such as TNF-o, IL-6, and
IL-1B, these are not routinely measured outside the research
setting. The list of clinical inflammatory markers currently
used in practice is at best rudimentary, and their relevance in
malnourished states needs to be examined. Research efforts
aimed at examining the validity of newer biomarkers of the
inflammatory state are urgently needed.
Recommendation D3
e Recognize the role of inflammation on nutrition
status.
e Include the presence of inflammation with avail-
able laboratory parameters such as CRP and cyto-
kines in the definition.

Future studies examining biomarkers of inflammation and
the impact of the inflammatory state on malnutrition in chil-
dren are highly desirable.

Question D4. Is there a distinction between malnutrition at
admission vs malnutrition acquired during the hospital stay?
The nutrition status of children often declines after admis-
sion to the hospital, resulting in early and serious conse-
quences, such as slowing of growth and increased
susceptibility to various infections. This has mainly been
attributed to the poor awareness and the lack of education
of healthcare providers and adverse hospital routines.*
Children with severe acute illness or severe trauma often
experience extreme metabolic stress. Although “on admis-
sion,” these patients often present without a prior history of
malnutrition, the presence of the massive inflammatory
response seen in the acute phase of injury or critical illness
limits the effectiveness of nutrition interventions and can
contribute to the rapid development of malnutrition. Peri-
ods of interrupted feeding, imposed to accommodate the
variety of medical-surgical interventions needed to stabilize
these patients, also contribute to the development of malnu-
trition despite the clinician’s best efforts to provide ade-
quate energy and other nutrients.*"** Although malnutrition
acquired after admission to the hospital is frequently asso-
ciated with a risk of adverse clinical events and a longer
hospital stay leading to higher healthcare costs, it is a prob-
lem that remains largely underestimated and often unrecog-
nized.”®*** In a single-center study at a tertiary hospital in
Brazil, more than half of the children lost weight after
admission during their hospital stay, and around 10% of
well-nourished children became malnourished.*® In an Ital-
ian center, children with an admission BMI-for-age z score
lower than —2 SD showed a mean BMI decrease at the end
of their hospital stay, which was significantly higher than in
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children with better nutrition status at admission.*’ In this
study, the investigators defined nutrition deterioration as a
drop in the BMI z score by 0.25 or more during the hospital
stay. One in every 5 children had a significant decrease in
BMI z scores that was already detectable by the third day
after admission. This suggests the possibility of early detec-
tion of children who are at risk for worsening malnutrition
and the ability to establish an appropriate nutrition manage-
ment strategy to prevent the development of such adverse
conditions during their hospital stay.

There is increasing interest in determining the impact of
hospitalization (disease, intervention, nutrition, and other fac-
tors during the hospital course) on nutrition status. Hence, a
distinction between nutrition state on admission and change in
nutrition state or acquisition or worsening of malnutrition dur-
ing the hospital course is relevant. Admission assessment will
allow identification of malnourished patients and provide
opportunities to prioritize nutrition interventions in this group.
Serial nutrition assessments during the hospital stay will help
identify those with subsequently worsening nutrition status.
Heightened awareness, multidisciplinary approach, and priori-
tization of sound nutrition practices may help decrease some of
the preventable causes of acquired or worsening malnutrition.

Recommendation D4

e Perform nutrition screening at admission to detect

children at higher risk of nutrition deterioration dur-
ing the illness course. Awareness of nutrition dete-
rioration during illness will highlight the impact of
disease on nutrition state and provide opportunities
for improvement in care at a system level.

Domain E: Functional Status

Question E1. What are the functional outcomes affected by
pediatric malnutrition? A well-known consequence of malnu-
trition is muscle dysfunction, as reflected by decreased grip
strength.*** HGS correlates with the loss of total body protein
and has been shown to be a good marker of immediate postop-
erative complications and predictive of major complications in
adult cirrhotic outpatients.* Decreased HGS is also a predictor
of loss of functional status in hospitalized patients.* Recent
observations in healthy children aged 6—18 years have extended
our knowledge of normal variation of this characteristic with
age, sex, size, and body composition and could be used as a
reference pattern.”” HGS increases with age, and a significant
sexual dimorphism from age 12 years is observed. HGS detects
a high prevalence of nutrition risk in patients with cirrhosis and
Crohn’s disease in remission.*”! However, the use of HGS in
pediatric populations is limited and may not be feasible in
infants and younger children. Pediatric studies that evaluate
the use of HGS or similar measures of muscle function in
nutrition assessment are urgently required.

Lack of adequate macronutrients or selected micronutri-
ents, especially zinc, selenium, iron, and the antioxidant

vitamins, can lead to clinically significant immune deficiency
and infections in children. Undernutrition in critical periods of
gestation and neonatal maturation and during breast milk
weaning impairs the development and differentiation of a nor-
mal immune system. Infections are both more frequent and
more often become chronic in the malnourished child.
Micronutrients act as antioxidants and as cofactors at the level
of cytokine regulation. Because the immune system is imma-
ture at birth, malnutrition in childhood might have long-term
effects on health.”” Optimal nutrition provides nutrients and
factors that have been shown to modulate immune maturation
and response to inflammation.” In addition, enteral nutrients
alter gut microflora and may affect antigen exposure. The
mechanisms by which early nutrition affects immune responses
in childhood need further elucidation.

No aspect of our physical or psychological existence is not
affected in some way by nutrition.”* A profound lack of nutrition
would obviously have a negative influence on all aspects of
development, and such effects of malnutrition are well docu-
mented.”” In a cohort study of 20 children who had been fed a
thiamine-deficient infant formula, investigators assessed lan-
guage, mental development, and motor development. In com-
parison to matched controls without nutrition deficiency, the
children with thiamine deficiency had receptive and expressive
language delay, as well as delayed age at independent walking.”®
In individual studies, young children who had FTT followed for
up to 8§ years had measurable 1Q deficits as well as learning and
behavioral difficulties.””'* A meta-analysis in 2004 suggested
that FTT in infants may result in long-term problems in cogni-
tive development with a 4.2 IQ point decrement.'” Malnourished
children also have increased rates of infection and behavioral
problems, including impaired communication skills and atten-
tion-deficit hyperactivity disorder.'”'*

Environmental factors such as malnutrition during critical
periods may modify the risk for the development of many
common diseases later in life.'"” This phenomenon is proba-
bly explained by epigenetics, the interindividual variation in
DNA patterns. There are scarce data on the critical interrela-
tion between early nutrition, growth, development, and sub-
sequent health and the influence of early nutrition on
epigenetic modifications. The role of optimal nutrition in pre-
venting the development of diseases later in life needs further
exploration. Malnutrition may also affect other outcomes
such as wound healing, length of hospital stay, and resource
utilizations. Adverse outcomes must be included in the defi-
nition of pediatric malnutrition, and future research examin-
ing the impact of malnutrition on relevant clinical outcomes
is urgently needed.

Recommendation E1

e Consider developmental assessment and neuro-

cognitive monitoring in determining the impact of
chronic undernutrition in children.

e Include lean body mass measurement with some

measure of muscle strength as a potentially identi-
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fiable outcome adversely affected by malnutrition
in children.

e Use validated objective measurements of body
composition and uniform assessment techniques
for muscle strength in children.

Future studies aimed at describing the nexus between nutri-
tion state and immunity during illness are urgently required.
Biomarkers of immune dysfunction may be incorporated in
the definition of nutrition as an outcome in the future.

Pediatric Malnutrition Classification

In summary, pediatric malnutrition (undernutrition) is defined
as an imbalance between nutrient requirement and intake,
resulting in cumulative deficits of energy, protein, or micro-
nutrients that may negatively affect growth, development,
and other relevant outcomes. On the basis of discussions for
each domain outlined above, we propose a new framework for
defining pediatric malnutrition (see Figure 1). This schema for
defining malnutrition incorporates the concepts of chronicity,
etiology, and pathogenesis of malnutrition; its relationship with
inflammation; and its impact on functional outcomes. Malnutri-
tion for an individual child should be diagnosed based on the
anthropometric parameters and their cutoffs. In addition to the
anthropometric definition, the new definition of malnutrition
will include a diagnostic relationship between what is known
about the causative disruption of normal nutrient pathways by
the patient’s illness or home environment and the presump-
tive effect (ie, the patient-specific expression of this nutrient
imbalance as a negative outcome). This requires the inclusion
of specific disease states if such disease(s) has already contrib-
uted to or is expected to result in nutrition vulnerability and
deterioration. Hence, malnutrition will be characterized as ill-
ness related (secondary to disease, condition, surgery, or injury)
and/or not illness related (secondary to environmental factors).
Occasionally, pediatric malnutrition may be characterized as
both illness related and environmental (ie, one may be primary
but exacerbated by the other). Furthermore, the specific path-
way leading to malnutrition is incorporated in the definition and
may include one or more of the following: (a) decreased nutri-
ent intake (starvation), (b) increased requirement of nutrients,
(c) increased nutrient losses, and (d) altered nutrient utilization.
Finally, one or more anthropomorphic or developmental out-
comes is included if deleterious and felt to be a manifestation or
cause/effect of the malnourished state. The role of inflammation
is acknowledged by indicating its presence along with illness-
related malnutrition. Acquired malnutrition is defined as further
deterioration of nutrition status of children in relation to their
nutrition state on admission.

Appendix

Resources to Calculate z Scores for
Anthropometric Parameters

CDC Growth Charts WHO Growth Charts
STAT GrowthCharts STAT GrowthCharts WHO
(compatible with iPod (compatible with iPod Touch,

Touch, iPhone, iPad) iPhone, iPad)

Epi Info NutStat: (available
for download)
http://www.cdc.gov/

WHO z score charts:
http://www.who.int/childgrowth/
standards/chart_catalogue/en/

growthcharts/computer index.html
programs.htm
CDC website: z score data WHO Multicentre Growth
files available as tables Study website:
http://www.cdc.gov/ http://www.who.int/childgrowth/
growthcharts/zscore.htm software/en/

All 4 macros (SAS, S-Plus,
SPSS, and STATA) calculate
the indicators of the attained
growth standards.
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