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Abstract

Introduction: Child undernutrition is becoming a physical and mental health problem worldwide as well as an
economic development one. It is characterized by wasting (low body mass for stretch stature), stunting (low stretch
stature for age) or being underweight (low body mass for age), and reflects nutritional deficiencies in growth and
development at critical stages of life. In accordance with the United Nations initiative to reduce malnutrition by
2030, diagnosis, treatment or prevention of any type of child malnutrition is necessary. The objective of this review
and consensus document is to offer a standardized frame of measurements and adaptations to the protocol used
by the International Society for the Advancement of Kinanthropometry (ISAK) to evaluate undernourished children.
Methods: A systematic literature review was conducted using the PRISMA guidelines to identify the existence of
different anthropometric measurements and methods to evaluate undernourished children. There are important
differences in severe acute or chronic child malnutrition clinical conditions which require a different anthropometric
approach. Additionally, the distinct growth and development stages of a lifespan require the adaptation of materials
and methods used. Other ethical and practical recommendations are included as necessary in the evaluation of
undernourished children. Results: Finally, estimation of body composition in this population must be approached
with caution since clinical conditions do not always allow for the necessary measurements. Conclusion: This
review can serve as a practical clinical guideline to conduct anthropometric measurements in child undernutrition.

Keywords: ISAK, Children, Undernutrition, Body Composition.

Resumen

Introduccidn: La desnutricion infantil se esta convirtiendo en un problema de salud fisica y mental a nivel mundial,
asi como en un obstaculo para el desarrollo econdmico. Se caracteriza por la emaciacién (baja masa corporal para
la estatura), el retraso en el crecimiento (baja estatura para la edad) o el bajo peso (baja masa corporal para la
edad), y refleja deficiencias nutricionales en el crecimiento y desarrollo durante etapas criticas de la vida. En
consonancia con la iniciativa de las Naciones Unidas para reducir la desnutricion para el afio 2030, resulta
indispensable el diagnéstico, tratamiento o prevencion de cualquier tipo de desnutricion infantil. El objetivo de este
documento de revisidon y consenso es ofrecer un marco estandarizado de mediciones y adaptaciones al protocolo
utilizado por la Sociedad Internacional para el Avance de la Cineantropometria (ISAK) para la evaluacién de nifos
desnutridos. Métodos: Se llevé a cabo una revision sistematica de la literatura, siguiendo las directrices PRISMA,
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con el fin de identificar la existencia de diferentes mediciones y métodos antropométricos para evaluar a nifios
desnutridos. Existen diferencias significativas en las condiciones clinicas de la desnutricién infantil, tanto aguda
grave como cronica, las cuales exigen un enfoque antropométrico diferenciado. Asimismo, las distintas etapas de
crecimiento y desarrollo a lo largo del ciclo vital requieren la adaptacion de los materiales y métodos empleados.
Se incluyen, ademas, otras recomendaciones de indole ética y practica consideradas necesarias para la
evaluacion de los niflos desnutridos. Resultados: Por ultimo, la estimacion de la composicién corporal en esta
poblacién debe abordarse con cautela, dado que las condiciones clinicas no siempre permiten realizar las
mediciones requeridas. Conclusion: Esta revisidén puede servir como una guia clinica practica para la realizacién
de mediciones antropométricas en casos de desnutricion infantil.

Palabras Clave: ISAK, Nifios, Desnutricién, Composiciéon Corporal.

Introduction

Child malnutrition in general is considered a global problem that affects all countries, and is worsening in
regions with extreme poverty, insufficient or difficult-to-access health services, conflicts, and natural disasters
among many other factors (Marshall et al., 2021). However, the consequences are the same for all involved. They
include stunted growth, poor academic performance, reduced intellectual development, increased burden on health
systems, an increase in child mortality, and the inability of individuals to contribute to the economic development of
their communities to name just a few. All of this poses a challenge for health professionals (eAcnur, 2020; UNICEF,
2023). According to the 2022 United Nations International Children's Emergency Fund (UNICEF) report on child
malnutrition, 148 million children under the age of 5 suffer from stunted growth, 45 million suffer from severe acute
malnutrition, and 340 million suffer from macronutrient deficiencies. The same report states that 13,800 children
under the age of 5 die each year from preventable causes, with 50% of causes being related to malnutrition
(UNICEF, 2023).

Childhood malnutrition refers to deficiencies, excesses, or imbalances in children's energy and/or nutrient
intake. On the other hand, child undernutrition, a type of malnutrition, is characterized by stunting (low stretch
stature for age) when children suffer from growth retardation because of long-term nutrition deprivation.
Undernutrition often results in delayed mental development as well as wasting (a symptom of acute undernutrition)
and is usually a consequence of insufficient food intake or a high incidence of infectious diseases, especially
diarrhea, increasing in severity in a short time period. The condition can be divided into moderate, which is
indicated by low body mass for age, and severe, low body mass for stretch stature. In diagnosis, these deficiencies
are typically determined using anthropometric values compared with reference values as well as clinical
parameters (De Onis, 2006). Other frameworks have recently been proposed to evaluate undernutrition including
anthropometric measurements plus diet evaluation, but more studies are required (Heemann et al., 2021).

In order to evaluate growth, development and nutritional status of children, it is necessary to have
comparable criteria for this age population obtained through a standardized protocol of anthropometric evaluation.
There is limited literature on measurement body composition with 4- and 5-component models in children. This
could guide scientific and clinical practice and references for future research worldwide, through which growth
charts, epidemiological programs and equations based on stature could be used (Baird et al., 2017). The main
objective of this work is to Identify and propose the anthropometric variables that should be measured in the
population of undernourished children according to ISAK protocol and to determine the necessary modifications
and adaptations of anthropometric equipment for each established age group.

Material and Methods

A systematic literature review was conducted to identify the most useful and validated measures, equations
and indexes in the anthropometric and body composition assessment of undernourished children, according to the
guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses system (PRISMA) (Page et
al., 2021). To conduct the systematic review, PubMed, Cochrane Library, EBSCO, PEDro, SPORTDiscuss, Web of
Science, Wiley and Dialnet database platforms were consulted using a combination of key words as follows:
(((Malnutrition OR Undernutrition OR Nutritional Deficiencies OR Deficit nutrients OR Micronutrients Deficiencies
OR Wasting OR Stunting OR Underweight OR Marasmus OR Low weight-for-height OR Low Body mass index)
AND (Childhood OR Development OR Child)) AND (Anthropometry OR Kinanthropometry OR Body Composition
OR Body constitution OR Somatotype OR Adipose Tissue OR Skeletal muscle OR Skinfold Thickness OR Body
Fat Distribution OR Proportionality OR Fat OR Muscle OR Bone OR Body Weight)) NOT (adolescent).
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The inclusion criteria were: a) studies which used anthropometric variables; b) publications about
undernourished children aged 12 years or younger; c) original papers, systematic reviews, consensus and reports;
d) publications in the last ten years (from 2015 to 2025); and e) publications in indexed journals or by recognized
health institutions such as the World Health Organization (WHO).

Exclusion criteria were defined as: a) thesis, conference papers, letters to editors, b) non-peer reviewed or
unpublished papers; c) studies conducted on adults and adolescents; and d) studies on malnutrition related to
obesity.

It should be noted that this document uses a standardized ISAK terminology (2019), even when the original
sources use alternative terms (Esparza-Ros et al., 2019). Such as weight to body mass, height to stretch stature
and circumferences to girths. More than 1500 studies were identified, but only 263 matches with the
inclusion/exclusion criteria. To analyze the anthropometric variables, a classification was defined by age as follows:
Group 1: 0 to 12 months; Group 2: 13 to 36 months; Group 3: 3 to 5 years 11 months; Group 4: 6 to 12 years.
These groups were divided into two categories: those who were Undiagnosed and those Diagnosed with wasting
(low body mass for stretch stature), stunting (low stretch stature for age) or underweight (low body mass for age).
Group classification was necessary to identify more appropriate measurements in order to diagnose or monitor
undernourished children, and to consider clinical complications such as hypotonia, hypothermia, irritability, or
edema.

Results

Ethical Considerations and Protocol Adaptation in the Anthropometric Assessment of
Undernourished Children

The anthropometric evaluation of children suffering from undernutrition presents a range of ethical and
methodological challenges. These must be addressed with care to ensure that procedures are clinically
appropriate, respectful, and aligned with international standards for the protection of vulnerable populations.

Informed Consent and Communication with Caregivers

Before conducting any anthropometric measurements, it is essential to obtain informed consent from a
parent or legal guardian. This process must involve a clear, culturally appropriate explanation of the assessment’s
objectives, methods, potential discomforts, and benefits. Participation should always be voluntary, and caregivers
must be made aware that they may withdraw due to any adverse consequences for the child’s care (UNICEF,
2013; WHO, 2003).

Respect For The Child’s Dignity and Privacy

All procedures should prioritize the child’s dignity, privacy, and emotional wellbeing. Evaluations must be
conducted in a private, safe and child-friendly environment. Partial removal of clothing, when required, should be
done discreetly and always in the presence of a caregiver. Efforts should be made to reduce fear or discomfort
through age-appropriate communication and supportive interaction (Basaleem & Amin, 2011).

Protocol Adaptation Based On Clinical Condition

Children with moderate or severe acute undernutrition may present clinical complications such as
hypotonia, hypothermia, irritability, or edema, which can interfere with standard measurement techniques.
Therefore, the assessment protocol must be adapted accordingly. It should be noted that this document uses a
standardized ISAK terminology (2019), even when the original sources use alternative terms (Esparza-Ros et al.,
2019).

e Body mass and stretch stature: Calibrated scales and stadiometers appropriate for infants and young
children should be used. In severely ill or non-ambulatory children, recumbent length or alternative proxies
(e.g., tibia length, arm span) may be required (WHO, 2022)

e Arm relaxed girth at mid-acromiale-radiale point: This point is particularly useful in field settings and should
be measured using standardized tapes, such as fiberglass, for minimal discomfort. Care should be taken to
avoid pressure in areas with edema or skin lesions.
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e Skinfold thickness: As long as there are no skin lesions on the arm or the presence of edema, skinfold
measurements can be informative. However, they should be deferred if the procedure may cause distress
or harm.

e Assessment: For children in intensive care and who have several conditions, non-essential measurements
such as skinfolds or girths should not be taken in order to avoid unnecessary manipulation, focusing
instead on stabilizing the child’s condition (Sphere Association, 2018).

Training and Sensitization of Health Personnel

Professionals involved in anthropometric assessments must be specially trained not only in technical
measurement skills but also in the ethical and psychosocial dimensions of working with undernourished children.
This includes child protection principles, emotional support, and the recognition of clinical red flags (UNICEF, 2013;
WHO, 2003).

Confidentiality and Ethical Use of Data

All collected data must be treated with strict confidentiality. Identifiable information should be stored
securely and used exclusively for clinical decision-making, monitoring, or approved research. Data management
must adhere to ethical standards based on the principles of beneficence, non-maleficence, autonomy, and justice,
in accordance with international bioethical guidelines established by the Council for International Organizations of
Medical Sciences (CIOMS, 2016).

Most Relevant Anthropometric Measurements for Undernourished Children

The proposed variables to be measured are based on the international protocol for anthropometric
assessment created by ISAK (Esparza-Ros et al., 2019) and are adapted to the ages to be assessed. The
variables can be measured to obtain indices, percentile charts, proportions, skinfold sums, corrected girths, and
bone maturation through a formula to predict the skeletal or bone mass.

Table 1 shows the anthropometric measures and indicators identified to evaluate undernourished children.
Table 2 shows the same for a population already diagnosed with undernutrition.

Table 1. Anthropometric Measures And Indicators Identified To Evaluate Undernourished Children

Group Reported Indicators used in evaluation of child Growth charts, formula or
anthropometric undernutrition percentile source tables
variables

Group 1 Basic Z-scores e WHO charts (2007) (UNICEF -

(0to 12 measurements e Body mass for age WHO, 2024)

months) e Body mass e Stretch stature for age e CDC charts (US population)
e Stretch stature e Stretch stature to body mass for age (National Center for Health

e Head girth for age Statistics (CDC), 2024)
Skinfolds e Lubchenco, Babson & Benda
e Triceps Percentiles charts (premature children)
e Subscapular e Triceps skinfold for age (Fenton, 2003)

e Subscapular skinfold for age
Girths
e Head
e Relaxed arm

Group 2 Basic Z-scores e WHO charts (2007)

(13 to 36 measurements e Body mass for age e CDC charts (US population),

months) e Body mass e Stretch stature for age (National Center for Health
e Stretch stature e Stretch stature to body mass for age Statistics (CDC), 2024)

e Head girth for age e Frisancho et al., percentile
Skinfolds charts for skinfold and relaxed
e Triceps Percentiles arm/age (Frisancho & Tracer,
e Subscapular e BMI for age 1987)

(BMI=Body mass (kg)/[stretch stature e Arm muscle mass (Frisancho,
Girths (cm)?) A R.
e Head e Triceps skinfold for age (1981). New norms of upper
e Relaxed arm e Subscapular skinfold for age limb fat and muscle areas for

e Arm girth for age assessment of nutritional
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status.
Body composition
e Arm muscle mass (AMA)
AMA(mm)= [(relaxed arm girth (mm) -
(3.1416 * Triceps skinfold (mm)))?] /
(4*3.1416)
e Arm Circumference (AC)
AC(mm)= ((relaxed arm girth
(mm))?/(4*3.1416)
o Arm fat area (AFA)
AFA(mm)= AC-AMA
Group 3 Basic Z-scores e WHO Z-score (2007)
(3to 5 measurements e Body mass for age e CDC charts (US population),
years + 11 e Body mass e Stretch stature for age (National Center for Health
months) e Stretch stature e Stretch stature to body mass for age Statistics (CDC), 2024)
e Sitting stature e Head girth for age e WHO percentile charts for
Percentiles skinfolds/age (2007)
Skinfolds e BMI for age e African-American, European-
e Triceps (BMI=Body mass (kg)/[stretch stature American, and Mexican-
e Subscapular (cm)]?) American children waist girth
e Thigh e Triceps skinfold for age percentile (Fernandez et al.,
e Calf e Subscapular skinfold for age 2004)
e Arm girth for age e Frisancho et al, percentile
Girths e Waist to stretch stature ratio for age charts for skinfold and relaxed
e Head (waist girth (cm)/stretch stature (cm)) arm/age (Frisancho & Tracer,
e Relaxed arm 1987)
e Waist Body composition e Frisancho, A. R. (1981). New
e Thigh middle e Sum of skinfolds norms of upper limb fat and
e Calf (sum of triceps, subscapular, muscle areas for assessment
supraspinale, abdominal, thigh and of nutritional status.
Breadths calf skinfolds in millimeters)
e Humerus e Arm muscle mass (AMA)
e Bi-styloid AMA(mm)= [(relaxed arm girth (mm) -
e Femur (3.1416 * Triceps skinfold (mm)))?] /
e Bimalleolar (4*3.1416)
e Arm Circumference (AC)
AC(mm)= ((relaxed arm girth
(mm))?/(4*3.1416)
e Arm fat area (AFA)
AFA(mm)= AC-AMA
e Calf corrected girth
(calf girth (cm) — (3.1416 x calf skinfold
(cm))
Growth and proportionality
e Cormic index
(sitting height (cm)/stretch
stature (cm))
Group 4 Basic Z-scores e WHO Z-score (2007)
(6to12 measurements e Body mass for age e CDC charts (US population,
years) e Body mass e Stretch stature for age 2024)
e Stretch stature e Stretch stature to body mass for age e WHO percentile charts for
e Sitting stature e Girth of head for age skinfolds/age (2007)
e Frisancho (2009), percentile
Skinfolds Percentiles charts for skinfold and relaxed
e Triceps e BMI for age arm/age
e Subscapular BMI=body mass (kg)/[stretch stature e African-American, European-
e Supraspinale (cm))? American, and Mexican-
e Abdominal e Triceps skinfold for age American children waist girth
e Thigh e Subscapular skinfold for age percentile (2004)
e Calf e Arm girth for age e Fat muscular mass: Slaughter
e Waist to stretch stature ratio for age formula (Boye et al., 2002)
Girths (waist girth (cm)/stretch stature (cm)) e Frisancho, A. R. (1981). New
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Head
Relaxed arm
Waist

Thigh middle
Calf

Lengths
e Radiale-stylion

Breadths and
Depths
Biacromial
Biiliocristal
Humerus
Bi-styloid
Femur
Bimalleolar

Body composition

e Fat mass

FMgirls= 0,735 x (triceps skinfold(mm) +
calf skinfold (mm)) + 1,0

FMboys= 0,631 x (triceps skinfold(mm) +
calf skinfold (mm)) + 5,1

e Sum of skinfolds

(sum of triceps, subscapular,
supraspinale, abdominal, thigh and
calf skinfolds in millimeters)

e Arm muscle mass (AMA)

AMA(mm)= [(relaxed arm girth (mm) -
(3.1416 * Triceps skinfold (mm)))?] /
(4*3.1416)

e Arm Circumference (AC)

AC(mm)= ((relaxed arm girth
(mm))?/(4*3.1416)

e Arm fat area (AFA)
AFA(mm)= AC-AMA

e Calf corrected girth

(calf girth (cm) — (3.1416 x calf skinfold
(cm)))

e Bone mineral content (BMC)

Boys BMC= 0.043 + (0.018 x AHPV) +
(0.039 x radiale-stylion length [cm]) +
(0.06 x femur breadth)

Girls BMC=0.077 + (0.07 x AHPV) +
(0.032 x radiale-stylion length [cm]) +
(0.48 x femur breadth)Bone mineral
density (BMD)

e Bone mineral density (BMD)

Boys BMD= 0.605 + (0.056 x AHPV) +
(0.008 x radiale-stylion length [cm]) +
(0.022 x femur breadth)

Girls BMD= 0.496 + (0.027 x AHPV) +
(0.007 x radiale-stylion length [cm]) +
(0.019 x femur breadth)

norms of upper limb fat and
muscle areas for assessment
of nutritional status.

Note: Charts are shown in the annexed section

Table 2. Anthropometric Measures and Indexes in Diagnosed with Moderate-Severe or Acute Undernutrition

Condition
Group Reported Indicators used in the evaluation Growth charts, formula or
anthropometric of child undernutrition percentile source tables
variables
Group 1 Basic Z-scores e \WHO charts (2007)
(0Oto 12 measurements e Body Mass for age e CDC charts (US population,
months) e Body mass e Stretch stature for age 2024)
e Stretch stature e Stretch stature to body mass for e Lubchenco, Babson & Benda
age charts (premature children)
Girths e Head girth for age
e Head
Group 2 Basic Z-scores e WHO charts (2007)
(13 to 36 measurements e Body mass for age e CDC charts (US population,
months) e Body mass e Stretch stature for age 2024)

e Stretch stature

Skinfolds
e Triceps

e Stretch stature to body mass for
age
Head girth for age

e Frisancho et al., percentile charts
for skinfold and relaxed arm/age

e Frisancho, A. R. (1981). New
norms of upper limb fat and
muscle areas for assessment of
nutritional status.
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Girths
e Head
e Relaxed arm

Percentiles

e BMI for age

BMI=Body mass (kg)/[stretch stature
(cm)P?

e Triceps skinfold for age

Body composition

o Arm muscle mass (AMA)
AMA(mm)= [(relaxed arm girth
(mm) - (3.1416 * Triceps skinfold
(mm)))?] / (4*3.1416)

e Arm Circumference (AC)
AC(mm)= ((relaxed arm girth
(mm))?/(4*3.1416)

e Arm fat area (AFA)

AFA(mm)= AC-AMA

Group 3 Basic Z-scores WHO Z-score (2007)
(3to 5 measurements e Body mass for age CDC charts (US population,
years + 11 e Body mass e Stretch stature for age 2024)
months) e Stretch stature e Stretch stature to body mass for Frisancho et al., percentile charts
age for skinfold and relaxed arm/age
Skinfolds e Head girth for age Frisancho, A. R. (1981). New
e Triceps norms of upper limb fat and
Percentiles muscle areas for assessment of
Girths e BMI for age nutritional status.
e Head BMI=Body mass (kg)/[stretch stature
e Relaxed arm (cm))?
e Triceps skinfold for age
Body composition
e Arm muscle mass (AMA)
AMA(mm)= [(relaxed arm girth
(mm) - (3.1416 * Triceps skinfold
(mm)))?] / (4*3.1416)
e Arm Circumference (AC)
AC(mm)= ((relaxed arm girth
(mm))?/(4*3.1416)
e Arm fat area (AFA)
AFA(mm)= AC-AMA
Group 4 Basic Z-scores WHO Z-score (2007)
(6to 12 measurements e Body mass for age CDC charts (USA population,
years) e Body mass e Stretch stature for age 2024)

e Stretch stature

Skinfolds
e Triceps
e Calf

Girths
e Head
e Relaxed arm
e Calf

e Stretch stature to Body mass for
age
Head girth for age

Percentiles

e BMI for age

BMI=Body mass (kg)/[stretch stature
(cm)?

e Triceps skinfold for age

Body composition

e Arm muscle mass (AMA)
AMA(mm)= [(relaxed arm girth
(mm) - (3.1416 * Triceps skinfold
(mm)))?] / (4*3.1416)

e Arm Circumference (AC)
AC(mm)= ((relaxed arm girth
(mm))?/(4*3.1416)

e Arm fat area (AFA)

Frisancho et al., percentile charts
for skinfold and relaxed arm/age
Arm muscle mass (Heymsfield et
al., 1982)

Frisancho, A. R. (1981). New
norms of upper limb fat and
muscle areas for assessment of
nutritional status.
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AFA(mm)= AC-AMA
e Calf corrected girth
(calf girth (cm) — (3.1416 x calf
skinfold (cm)))

Note: Charts are shown in the annexed section

Adaptations to the Anthropometric Equipment

For children under 12 months of age (Group 1), the use of fiberglass tape is recommended to help prevent
skin lesions. In this age group, tape calibration should be verified regularly by cross-checking the fiberglass tape
against a brand-new steel (iron) measuring tape and confirming the accuracy of the graduations with a vernier
caliper, while ensuring it meets the remaining ISAK specifications for metallic tapes (Esparza-Ros & Vaquero-
Cristobal, 2023). From Group 2 onwards (= 12 months), the anthropometric tape must fully comply with the
specifications established in the ISAK Manual (e.g., material, graduation, legibility, and other technical
requirements) for the corresponding age groups (Esparza-Ros et al., 2019).

Utilize a Lying Height Rod Infantometer to measure recumbent stretch stature in infants less than 12
months of age and in children unable to maintain a standing position. The device should have a measurement
range from a minimum of 40 cm to 220 cm with a precision of 0.1 cm (Kiernan & Mascarenhas, 2023).

When evaluating body mass, the parent should hold the child while standing on the scale, and the parent’s
body mass must then be subtracted from the total measurement to obtain the infant's body mass (Kiernan &
Mascarenhas, 2023).

Regarding the remaining anthropometric equipment (anthropometric box, skinfold caliper, small diameter
caliper, and large diameter caliper), no modifications are considered necessary, and the specifications should
adhere to those established in the ISAK Manual (Esparza-Ros et al., 2019).

Body Composition and Other Derivative Variables in Undernourished Children

There is limited literature on measurement protocols for the study of body composition with 4- and 5-
component models in children under 5 years of age, while measurements for age groups 1 and 2 were set
according to the UNICEF/WHO universal measurement standards (De Onis, 2006; De Onis et al., 2012; UNICEF -
WHO, 2024). However, for age group 2 and subsequent groups, not only was the WHO taken into account, but
also anthropometric indicators proposed by the Centers for Disease Control and Prevention (CDC) such as skinfold
thickness and girths at arm and calf areas (National Center for Health Statistics (CDC), 2024).

Currently, there are many ways to assess body composition for this population and age groups, such as fat
mass index, Z-score values of waist girth and sum of triceps and subscapular skinfolds (Azcorra et al., 2019). To
evaluate fat mass index in children 6 to 14 years old (FMI = fat mass [kg]/stretch stature [m]?2), fat mass (FM) can be
calculated by equations of Ramirez et al. (2012), directly with the anthropometric variables equation for FM (FM
[kg] = -1.067 x sex [male=1, female=0] + 0.458 x triceps skinfold [mm] + 0.263 x body mass [kg] — 5.407) or
indirectly with the bioelectrical fat free mass (FFM) equation (FFM[kg] = 0.661 x ((stretch stature
[cm])?/resistance[Q]) + 0.200 x body mass [kg] - 0.320). Both formulas were developed using deuterium oxide
dilution technique (Ramirez et al., 2012).

Freedman et al (2013), evaluate the accuracy of the Slaughter body fat formulas (1988) using Dual Energy
X-ray Absorptiometry (DEXA), and recommends evaluating cardiovascular risk by using the triceps and
subscapular skinfolds sum equation. Nonetheless, calf and triceps skinfold sum equation is recommended for
children 5 to 17 years for estimation overall fat mass from the upper to the lower limb (Freedman et al., 2013;
Slaughter et al, 1988).

Measurements from the restricted profile such as calf skinfold and calf girth are important for the z score of
corrected girths as well as for triceps skinfold and arm relaxed girth. This last indicator is also an important
percentile based on the arm fat area and the arm muscle area according to the references of the percentile tables
of Frisancho et al. (Frisancho & Tracer, 1987), and according to a WHO Multicentre Growth Reference Study (De
Onis, 2006).

Starting at age 2, waist girth measurement and its percentile are also important, according to the reference
tables of Fernandez and Redden et al. as there are specific percentiles in African-, European-, and Mexican-
American children (Fernandez et al., 2004). Where it is known, bone mineral density (BMD) is also important.
Nonetheless, skinfolds such as biceps and triceps have been useful in the important early diagnosis of acute
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undernutrition in hospitalized children, including those with HIV and cancer (Barr et al., 2011; Gupta et al., 2020;
Innes et al., 2013). These skinfolds have been reported as necessary not only in healthy kindergarten children but
also in hospitalized undernourished children (Bakshi & Bhandari, 1977; Marrodan et al., 2017; Vijayaraghavan,
1987).

Bone evaluation is complex. While the gold standard to measure bone mineral content and density is the
Dual Energy X-ray Absorptiometry (DEXA), which has its own reference values from 2 years onwards, the
equipment and high level of training required to perform the measurements are not accessible (Pezzuti el al., 2017;
Zanchetta et al., 1995). Deborah Kerr's mass fractionation method emerges as a more affordable alternative based
on anthropometric measurements with high reliability and validity to estimate bone mass. In measuring children
bone mass from the head is separately adjusted by the Phantom reference. Such adjustment is necessary since
the head develops to its full size in early childhood unlike the rest of the body. Specific measurements which
require advanced training are head girth, humerus, femur, biacromial, and biiliocristal breadth (Ross & Kerr, 1991).
Due to the complexity of measurements in this population, especially bone breadths, there are not yet reference
values to evaluate bone mass health with this fractional method. There are other equations which are easier to
perform due to the measurements required, such as Rocha’s formula: (bone mass [kg] = 3.02 x ((stretch stature
[m])? x (by-styloid breadth[m]) x (femur breadth [m]) °7'2)). However, equations were developed for the 17—25-year-
old group and there aren’t adaptations or validation for children at the time of this revision (Rocha, 1975).

Bone mass evaluation is probably one of the most complex approaches in body composition for children. It
can predict bone mineral content and density (BMC and BMD) and can be more affordable, as Gomez-Campos et
al. (2017) propose, through a formula that involves anthropometric variables such as radiale-stylion length, femur
breadth and the estimation of age at height peak velocity (AHPV) using the Mirwald et al. (2002) technique. The
technique, which classifies time in years before or after AHPV occurs (-4,-3,-2,-1,0,1,2,3 years of AHPV). In order
to estimate AHPV, stretch stature and sitting height anthropometric measurements are necessary (Goémez-Campos
et al., 2017; Mirwald et al., 2002). Equations proposed for these analyses are as follows:

e Boys AHPV=-9.236 + (0.0002708 x (lower limb length [m] x sitting height [m])) — (0.001663 x (age [years]
Lower limb length [m])) + (0.007216 x (age [years] x sitting height [m])) + (0.02292 x (body mass
[kg]/stretch stature [m]))

e Girls AHPV= -9.376 + (0.0001882 x (lower limb length [m] x sitting height [m)]) — (0.0022 x (age [years]
Lower limb length [m])) + (0.005841 x (age [years] x sitting height [m])) — (0.002658 x (age [years] x body
mass [kg])) + (0.07693 x (body mass [kgl/stretch stature [m]))

Note: Lower limb length = stretch stature [cm] - sitting height [cm]
e Boys BMD= 0.605 + (0.056 x AHPV) + (0.008 x radiale-stylion length [cm]) + (0.022 x femur breadth)
e Girls BMD= 0.496 + (0.027 x AHPV) + (0.007 x radiale-stylion length [cm]) + (0.019 x femur breadth)
e Boys BMC= 0.043 + (0.018 x AHPV) + (0.039 x radiale-stylion length [cm]) + (0.06 x femur breadth)
e Girls BMC=0.077 + (0.07 x AHPV) + (0.032 x radiale-stylion length [cm]) + (0.48 x femur breadth)

Referential values can be found in the original paper (Gémez-Campos et al., 2017). Also, functional
measurements such as hand grip strength have been correlated to BMD and BMC and are useful to predict bone
fragility (Alvear-Vasquez et al., 2020).

Conclusion

Anthropometric assessment of undernourished children must be a simple and easily interpreted process
that can be applied worldwide. However, it is more complex than ordinary evaluation because there
are often clinical conditions that restrict some measurements, such as skinfolds and some girths in the presence of
edema or hypotonia. Additionally, in caring for this population, health personnel need special training by identifying
what, which, when and how to measure, since protecting the main objective is the child’s integrity is of utmost
importance. As such, there are many ethical and methodological adaptations that must also be considered. When
conducting anthropometric measurements in children, there are a wide range of variables to be considered, such
as clinical illness, neuromuscular control associated with different stages of growth and development, as well as
issues of privacy, ethics, and legal dependency ona caregiver. The authors suggest considering all
recommendations before beginning any measurement. While body composition is a useful indicator of status and
progression in the clinical intervention of child undernutrition, undernourished children intervention in under clinical
conditions, it has its limitations and evaluators should use it with caution. Therefore, a simple but efficient way to
evaluate the characteristics of different conditions that characterize child undernutrition (wasting, stunting or
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underweight, using as the basis the ISAK protocol as a standardized method, with adaptations when necessary. To
analyze and perform the diagnosis, the use of local or national references, if available, could be
considered useful as a complement to the international charts or percentiles from the World Health Organization.
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