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1.1 Child Growth and Malnutrition

In the early years of life, proper growth and development are paramount. This period sets the
foundation for a child's physical, cognitive, and emotional well-being. However, malnutrition poses
a significant threat to this crucial stage. Malnutrition encompasses various conditions, including
undernutrition, micronutrient-related deficiencies, and overnutrition (1).

Undernutrition manifestsin forms such as wasting, stunting, and underweight. Wasting refers to low
weight-for-height, indicating acute malnutrition. On the other hand, stunting signifies low height-
for-age, reflecting chronic malnutrition. Underweight denotes low weight-for-age, encompassing
both acute and chronic malnutrition. These conditions not only hinder physical growth but also
impede cognitive development, leading to long-term consequences (1).

Micronutrient-related malnutrition pertains to deficiencies or excesses in vital vitamins and
minerals. Inadequate intake of micronutrients like iron, iodine, and vitamin A can impair immune
function, increase susceptibility to infections, and hinder cognitive development. Conversely,
excessive intake of certain micronutrients can also pose health risks (1, 2).

Moreover, the rise of overweight, obesity and diet-related noncommunicable diseases further
compounds the challenges. Unhealthy dietary habits coupled with sedentary lifestyles contribute
to the prevalence of these conditions, escalating the burden on child health (3).

. | Malnutrition encompasses deficiencies, excesses, or imbalances in an individual's

Box 1 . . : .
consumption of energy and/or nutrients. It encompasses three primary categories:

W

Undernutrition, characterized Micronutrient- Overweight, obesity,

by wasting (low weight-for- related malnutrition and diet-related

height), stunting (low height- involving deficiencies noncommunicable diseases,
for-age), and underweight or excesses of vital such as heart disease, stroke,
(low weight-for-age). vitamins and minerals. diabetes, and certain cancers.
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Research underscores the significance of implementing nutritional interventions across diverse
settings, including both healthcare facilities and community-based initiatives. This comprehensive
approach ensures that interventions reach populations at risk of malnutrition and effectively
address their needs. Moreover, early and consistent child growth monitoringis pivotalin identifying
potential risks associated with malnutrition, medical conditions, or genetic predispositions.
Regular assessments of height, weight, and nutritional status enable healthcare providers to
promptly detect deviations from expected growth patterns (4). This early identification facilitates
timely interventions and tailored management plans to address underlying issues and promote
optimal growth and development in children (5).

1.2 Prevalence of Child Malnutrition

Despite some progress, achieving a world free from malnutrition remains a distant goal. The 2023
edition of the UNICEF-WHO-World Bank Group Joint Malnutrition Estimates indicates a decline in
stunting prevalence since 2000, from 33% to 22.3% in 2022. However, the statistics are sobering:
in 2022, over one in five children under 5, totaling 148.1 million were stunted, while a minimum
of 45.0 million experienced wasting at any given time during the year. The prevalence of wasting
has decreased from 8.7% in 2000 to 6.8% in 2022. Moreover, the global number of children under
five affected by overweight has surged from 33.0 million in 2000 to 37.0 million in 2022, with the
prevalence rising slightly from 5.3% in 2000 to 5.6% in 2022 (6) (Figure 1).

Figure 1. Percentage of children under 5 affected by stunting, wasting and overweight globally
in 2000 and 2022
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In 2022, regional disparities in stunting prevalence were evident, with some areas reporting high
rates affecting approximately one-third of children while others displayed lower prevalence levels.
Countries such as Libya, Sudan, and Yemen exhibited stunting prevalence that was classified as
very high, exceeding 30%. Similarly, Egypt and Syria reported high prevalence rates, ranging from
20% to just below 30%. Gulf nations like Saudi Arabia and Kuwait demonstrated medium levels of
stunting, ranging from 10% to just below 20%, whereas Iran, Iraq, Tunisia, and Algeria showcased
comparatively lower prevalence rates, falling between 2.5% and just below 10%.

Figure 2. Percentage of children under 5 affected by stunting, by country in 2022

@ >30% (very high) 20 <30% (high) 10 <20% (medium)
. 2.5-<10% (low) . <2.5% (very low) modeled estimate not presented

Globally, the burden of wasting affected 45.0 million children under five, with the majority
concentrated in South Asia and sub-Saharan Africa. Sudan and Yemen recorded very high wasting
prevalence rates, surpassing 15%, while Libya, Somalia, and Syria experienced high wasting
prevalence ranging from 10% to just below 15%. Egypt and Oman reported medium prevalence
rates, falling between 5% and just below 10%, whereas Saudi Arabia, Iraqg, Iran, and Kuwait
exhibited low wasting prevalence rates between 2.5% and just below 5%.
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Figure 3. Percentage of children under 5 who are affected by wasting (%), by country in 2022

@ >15% (very high) 10<15% (high) @ 5<10% (medium)
‘ 2.5-<5% (low) . <2.5% (very low) no data

Overweight prevalence was notably pronounced in the Middle East and North Africa, followed by
Latin America and the Caribbean, with South Asia reporting the lowest rates. East Asia and the
Pacific registered the highest number of overweight children globally. Specifically, in countries
such as Egypt, Libya, and Tunisia, the prevalence of overweight was classified as very high,
exceeding 15%. Saudi Arabia, Syria, and Algeria demonstrated high prevalence rates ranging
from just below 10% to 15%. Oman and Iraq displayed medium levels of overweight prevalence,
falling between 5% and just below 10%, while Sudan and Morocco recorded lower prevalence
rates, ranging from 2.5% to just below 5% (Figures 2-4).



Figure 4. Percentage of children under 5 affected by overweight, (%), by country in 2022

> 15% (very high) . 10 < 15% (high) 5<10% (medium)

‘ 2.5-<5% (low) ‘ <2.5% (very low) modeled estimate not presented

1.3 Growth Monitoring

Child growth and development encompass a spectrum of changes from infancy to adolescence,
spanning physical, communication, social, and emotional domains (7). Growth, defined as
alterations in measurable physical attributes like weight, height, and body circumferences over
time (8), is a focal point in child development. This field can be categorized into three primary
domains: anthropometry, which involves measuring growth; growth references and standards,
providing statistical summaries of growth measurements; and growth charts, serving as visual
representations of growth patterns (9).
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These measurements are crucialindicators of a child's health and well-being (10). Normal growth
signals a healthy child, while deviations may signify underlying issues or diseases (5). Given
growth's multidimensional and nonlinear nature, continuous monitoring of multiple physical
attributes is essential to accurately quantify changes in body size, proportion, and composition
(8, 11). A single measurement holds little relevance as it may result from various developmental
trajectories, each indicative of distinct health and nutritional conditions requiring different
therapeutic approaches (11).

Beyond assessing current health status, growth monitoring in a life-course framework offers
insights into past growth and predicts future health outcomes (12, 13). This approach aids in
early diagnosis of health or nutritional issues, enabling timely interventions to prevent severe
compromise in nutritional status (14). By comparing a child's growth pattern to reference curves
of healthy peers, growth faltering can be detected early, prompting necessary actions such as
dietary evaluation and nutritional counseling (15). Regular monitoring also fosters consistent
engagement with primary healthcare services, facilitating early detection of growth concerns
and prompt intervention to address them. Ultimately, the objective is to ensure that children
receive the necessary care and nutrition to foster healthy growth and development (15).

Screening infant and child growth is a sequential process involving measurement, plotting
on sex-specific growth charts, and interpreting growth curves (10, 16-18). This comprehensive
approach ensures effective monitoring and timely intervention to support optimal growth
and development in children.

1.4 Growth Monitoring Integration in Primary Healthcare
System

Integrating growth monitoring into primary healthcare systems is pivotal for safeguarding
children's health and development. Routinely tracking key growth indicators, such as height,
weight, and body mass index (BMI), allows healthcare providers to identify deviations from
normal growth. This proactive approach enables timely interventions to address underlying
health concerns or nutritional deficiencies, effectively averting the potential for long-term
health complications (15). Moreover, incorporating growth monitoring ensures the continuity

.



of care for children within the healthcare system. Clear communication between prenatal,
perinatal, and postnatal healthcare professionals is vital for the continuity of care and optimal
health and development outcomes within a shared understanding of growth assessmentand a
supportive policy environment (19). By consistently monitoring growth parameters over time,
healthcare professionals can build a comprehensive understanding of each child's health
trajectory. This enables them to identify emerging trends or patterns that may necessitate
further assessment or intervention, ensuring that children receive the ongoing support and
resources required for optimal health and development.

Prior research has documented the primary obstacles to the efficacy of growth monitoring,
which include inadequate communication between healthcare providers and patients,
interventions that are not tailored to the specific context, deficiencies in frontline workers'
skills, especially in measuring and interpreting, insufficient time for client counseling due to
patient overload, and caregivers who disregard medical advice (20-23). Therefore, healthcare
professionals should be adequately supported to track growth trajectories and communicate
successfully with caregivers (24). This can be achieved by ensuring adequate and continuous
training and providing healthcare professionals with practical guidance to standardize and
enhance children's care quality.

In essence, integrating growth monitoring into primary healthcare systems is fundamental for
promoting early detection of growth abnormalities, ensuring seamless continuity of care, and
fostering a holistic approach to pediatric healthcare delivery. Prioritizing growth monitoring as
a cornerstone of pediatric care allows healthcare systems to effectively support the health and
well-being of children, laying a solid foundation for their future well-being.

1.5 WHO Child Growth Standards: Concept and Background

To effectively monitor child growth, utilizing appropriate tools and adhering to standardized
protocols is essential. Growth charts are widely recognized as crucial instruments for evaluating
nutritional adequacy and detecting potential deviations from normal growth, which may signal
underlying health issues (25). The WHO has formulated Child Growth Standards for infants
and young children up to five years old, which are based on the growth patterns of exclusively
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breastfed infants and encompass a diverse international sample. These standards assess growth
and nutritional status during this critical developmental stage, prevent future illnesses, and
facilitate early intervention opportunities.Formerly, growth references were developed based
on data from a single-country sample of children presumed to be healthy, without specific health
behaviors mandated for inclusion. This resulted in references reflecting growth patterns typical
of a particular time period and country. In contrast, the WHO developed growth standards from
a diverse sample of children spanning six countries: Brazil, Ghana, India, Norway, Oman, and
the United States of America. The WHO Multicenter Growth Reference Study (MGRS) aimed to
depict how children should grow by including certain recommended health behaviors, such as
breastfeeding, standard pediatric care, and non-smoking environments, in its selection criteria.
The study followed term babies from birth to 2 years old, with intensive observations in the early
weeks, while another group of children aged 18 to 71 months was measured once. Combining
data from both samples yielded growth standards for children from birth to 5 years old (26).

The MGRS's inclusion of children from various countries receiving recommended feeding and
care led to prescriptive standards for normal growth rather than mere descriptive references.
These new standards illustrate the growth achievable with recommended feeding and
healthcare practices, including immunizations and illness care. They are globally applicable,
as the study revealed that children universally exhibit similar growth patterns when their
nutritional, health, and care needs are met (26).

Key advantages of the WHO growth standards include establishing breastfed infants as
the model for normal growth, thereby encouraging health policies and public support for
breastfeeding (27). Furthermore, these standards facilitate the more accurate identification
of stunted and overweight/obese children. Additionally, new metrics such as BMI (body
mass index) prove valuable for addressing the escalating worldwide obesity epidemic (28).
Equipped with growth charts depicting standard growth rate patterns, healthcare providers
can identify children at risk of undernourishment or overweight early on, preempting the
development of severe issues.



In 2006, the World Health Organization (WHO) introduced new growth standards applicable to
all children, regardless of ethnicity, socioeconomic status, or feeding method. Many countries
have adopted these standards (>150 countries). Reasons for adoption included improving
growth assessment consistency, supporting breastfeeding, monitoring malnutrition, promoting
healthy growth, and aligning national systems. Many countries switched from using weight-
for-age alone to multiple indicators, such as length/height-for-age and weight-for-length/
height, with some also introducing body mass index-for-age. Most adopted sex-specific charts
and z-score classification. The WHO standards underwent extensive scrutiny by governments
and professional groups, leading to widespread implementation. This adoption facilitated the
harmonization of child growth assessment practices, emphasizing breastfed infants as the
benchmark for achieving genetic growth potential (29).

For the assessment of preterm infants, the INTERGROWTH-21st Preterm Postnatal Growth
Standards are recommended (11). The INTERGROWTH-21st standards provide an evidence-
based tool specifically designed for tracking the growth of preterm infants from birth to 64 weeks
postmenstrual age. These standards ensure that all preterm infants benefit from a postnatal
growth monitoring strategy aligned with the WHO Child Growth Standards (33). This alignment
facilitates seamless growth assessment as preterm infants transition to term-equivalent age,
ensuring continuity in monitoring their growth trajectories.

1.6 Aim of this Guide

This guide aims to build institutional capacity to support the use of the WHO Growth Standards
and create a comprehensive resource that empowers healthcare professionals with essential
knowledge and practical guidance for effective growth monitoring. Healthcare professionals
will be guided through the process of growth monitoring, including measuring child growth,
plotting measurements on growth charts, and interpreting growth indicators.
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CHAPTER 2.
MEASURING A
CHILD’S GROWTH




Anthropometric assessment offers the most effective method for tracking infant and children's
physical growth and identifying growth problems such as being underweight, overweight, stunting,
and wasting. It offers a straightforward, non-invasive, and cost-efficient assessment approach,
facilitating early intervention strategies. Basic anthropometric measurements, including weight,
height, and the derived BMI, can be utilized to assess growth. These measurements and the age
group they apply to are presented in Table 1.

Table 1. Measurements and the age group they apply to

Weight From birth onwards
Length 0-2 yearsold

Height >2 years old

Head Circumference 0-2yearsold

Mid-upper arm circumference From 3 months onwards

2.1 Comprehensive Guide: How to Measure Child Growth

2.1.1 Weight measurement: <2 years of age

Equipment needed

Digital weight scales that
allow tared weighing
placed on a flat surface
(Figure 5 and 6).

Kima

Figure 5. Digital floor scale Figure 6. Infant scale
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Preparing for measurement

@ If the infant is still in diapers, they should ideally be weighed
naked. However, if this is not possible, the infant can be
weighed with a clean diaper on, and the weight of a similar
diaper should be subtracted from the total weight. The scale's
tare function can also be used.

@ Infants who no longer wear diapers should ideally be weighed
naked. If this is unacceptable, they can be weighed wearing
minimal clothing, such as underwear or a lightweight shirt.

Procedure

The infant can be weighed alone using

the infant scale (Figure 7) or weighed
while being held by the mother (Figure
8). Be sure that the scale is placed on a
flat, hard, even surface.

If you have an infant scale:

1. Lay a light towel or a lightweight baby
blanket on the scale and tare it before

beginning the weighing process.

Figure 7. Procedure for infant weight
measurement using infant scale

2. Place the baby on their back in a
lying position.

3.Record the child’s weight to the
nearest gram.



If you have an adult digital scale:

Ask the mother Tare the scale Record the

to stand in and gently child’s weight
the middle of hand the naked  to the nearest
the scale, feet baby to the gram.

slightly apart, mother.

and remain still.

4 Figure 8. Procedure for infant
weight measurement using
adult scale

(]
(('e)
AN

! —_ '
2.1.2 Weight measurement: >2 years of age

|

W
Turnon Place the child  Wait for the child to N =

the scale (if in the middle stop moving. If the child
electronic) of the scale, is restless, ask for the
and ensure it  with feet mother's assistance.
reads<0.00>..  slightly apart.

Figure 9. Procedure for
}Once the child is still, record their weight as shown infant weight measurement

on the scale. (Figure 9)

for children >2 years
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2.1.3 Length measurement: <2 years of age

Length or “recumbent” length is obtained by the infant lying down and is generally done when they
are less than 24 months.

Equipment needed

® Infantometer or length board on a table or flat surface (Figures 10 and 11).

Figure 10. Infantometer

Movable
footboard

Figure 11. Length board



Procedure

>

Once the mother is ready to assist:

® Ask her to position the head against the fixed
\ . R headboard, gently compressing the hair.
LN
< ® Quickly adjust the head so that an imaginary
C vertical line from the ear canal to the lower border
of the eye socket is perpendicular to the board,

ensuring the child's eyes are looking straight up.

A

I h h h he head in thi iti
el it ety nstruct the mother to hold the head in this position

el Elaee dhe b e dhe from behind the headboard (Figure 12).

length board and request her
to assist in holding the baby's
head in place during the
measurement.

Figure 12. Proper head positioning
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Stand on the side of the length board where you can see the measuring tape and the
footboard.

® Ensure the child lies straight along the board without changing position, with shoulders
touching the board and the spine not arched.

® With one hand, gently hold down the child's legs while using the other hand to move
the footboard.

o If the child is extremely agitated and both legs cannot be held in position, measure with
one legin place.

® While holding the knees, pull the footboard against the child's feet so that the soles are
flat against it and the toes point upwards. If the child bends their toes, gently scratch the
soles to encourage them to straighten before sliding in the footboard quickly (Figure 13).

Lead Assisting
measurer Measurer

Movable
footboard

Figure 13. Proper position for length measurement

Fixed
headboard



Hereisanillustration featuring a section of a measuring tape. The numerals and longer lines represent
centimeter markings, while the shorter lines denote millimeters. The shaded box highlights where
the footboard is positioned during a length measurement (Figure 14).

The child's feet are against this side of the movable
footboard. This child's length is 66.3 cm.

‘||\||||||‘||\|||\|I‘||\|||\||‘||||||\|I‘IIIIIHII‘IIIHHII|II ||‘|||\||\||’\||\||\||’\|H|||||’\||\|||||’\||\|||\|’\||\|||\|’\||||||\|’\||||||\|’\|||\||\||\|||HHI|I|IH|IH|IHIHI|
60 61 62 63 65 66 68 70 3 7

|
64 69 71 72 7 74 60 75 76 78 79

180

Figure 14. Example for reading measuring tape

170

161

2.1.4 Height measurement: >2 years of age Stadiometer

140 150

Standing height can be measured for children 2-3 years of

130

age and older who are able to stand without assistance.

Equipment needed

@ Stadiometer on a flat surface (Figure 15).

>

12

=
Lineof ®——— @
sight |

60 70 80 90 100 110

50

Assist the child in standing on the Ask the mother to help
baseboard with feet slightly apart, keep the legs straight
ensuring alignment against the vertical and feet flat while
board. The back of the head, shoulder soothing the child and

blades, buttocks, calves, and heels should  ensuring they stay still.
all touch the vertical board (Figure 16).

Figure 15. Stadiometer
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Position the child's head Pull down the Read and record
parallel to the baseboard, headboard to rest the child's height in
and gently press the tummy firmly on the head, centimeters to the
if needed for full height. compressing the hair. nearest 0.1 cm.

Headplace firmly
on head

Hand on
chin

Lead measurer
on knees

Shoulders
level

Child's
hands
and arms
at side

R 2]

[¢ » N \

@ )~

help keep the legs
straight and feet flat

Assisting
measurer
on knees

Figure 16. The proper position for height measurement



2.1.5 Head Circumference

Equipment needed Preparing for measurement

® Measuring tape (non-strechable). ® Check that all hair ornaments have been removed.

® Securely wrap the tape around the head at its widest point (Figure 17):

At the most
prominent part of

Above the eyebrows on the the back of the head.

broadest part of the forehead
Above the ears.

Figure 17. Procedure for head
circumference measurement [

2.1.6 Mid Upper Arm Circumference (MUAC)

Acromion
process on

5 hould
Equipment needed et

® Measuring tape (non-stretchable)

. Forearm,
Preparlng for measurement palm down

across body -

process of
the ulna

-~

® The mid-upper arm point is half the distance
between the acromion process and the olecranon.

—

~—%

® The upper arm midpoint needs to be located for the -
measurement of MUAC when the elbow is bent at 90° (Figure 18). Figure 18. Locating upper
® The measurer should have a ‘pen’ to mark the measuring siteon  arm midpoint
the child’s skin. A hypoallergenic cosmetic pencil (e.g., eyeliner)
works well and is generally acceptable to the caregiver.
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Procedure

Ensure the child's arm
hangs relaxed. If the child
is uncooperative, the
assisting observer should
hold the lower arm in the
extended position. Ensure
that the muscle of the arm
is not flexed or tightened.

The measurement
should be taken on
the side of the arm.

,

Place the tape around the

arm at the marked midpoint

level. The tape should
encompass the upper
arm's skin, fat, muscle, and
bone without compressing
the tissue. Alert the lead
observer if there is any gap

or compression. (Figure 19)

Record the
measurement to the
last completed 1 mm.

® Trained anthropometrists to achieve high precision.

® Taking the measurement more than once.

® Using appropriate indices and references.

Figure 19. Placinge the
tape around the arm

Box 2: | Accurate measurements depend on:

® Using good quality and calibrated equipment.



2.2 Determining BMI

BMI is a numerical measure associating an individual's weight with height or length. BMI is a
valuable growth indicator when plotted against a child's age on a graph.

2.2.1 BMI determination using a calculator:

The formula for BMI calculation is dividing weight in kilograms by the square of length or height
in meters. Alternatively, it can be represented as kg/m?.

weight
BMI = E

(height * height)

The BMI has a dimension of kg/m?, which means that the weight should be in kilograms (kg) and
the height in meters (m). If height has been measured or recorded in cm, it should be converted into
meters before calculating the BMI. To convert a measurement from cm to m, divide the value by 100
or move the position of the decimal separator two positions to the left. For example, 120 cmis 1.2 m.

2.2.2 BMI determination using a BMI table:

ol Body Mass Index (BMI) Eor
(cm) numm cm)
42 14 16 18 19 21 23 2.8 3.0 42
43 15 17 18 2.0 22 24 2.6 2.8 3.0 3.1 3.3 3.5 3.7 3.9 4.1 4.3 4.4 4.6 4.8 43
44 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 46 48 50 44
45 16 18 20 22 24 26 28 3.0 32 34 36 38 41 43 45 47 49 51 53 45
46 1.7 19 21 23 25 28 30 32 34 36 38 40 42 44 47 49 51 53 55 46
47 1.8 2.0 22 24 26 29 31 33 35 38 40 42 44 46 49 51 53 55 57 47
48 1.8 2.1 23 25 28 3.0 32 35 37 39 41 44 46 48 51 53 55 58 6.0 48
49 19 22 24 26 29 3.1 34 36 38 41 43 46 48 50 53 55 58 6.0 62 49
50 2.0 23 25 28 30 33 35 38 40 43 45 48 50 53 55 58 60 63 65 50
51 21 23 26 29 31 34 36 39 42 44 47 49 52 55 57 6.0 62 65 68 51
52 22 24 27 3.0 32 35 38 41 43 46 49 51 54 57 59 62 65 68 7.0 52
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:

Find the child’s length or Look across the row Trace your finger upward from
height (in centimeters) in the to find the child’s the weight to find the child’s
far-left column of the table. weight. If the exact BMI on the top row of the table.

If the exact measurement is weight is not shown, Alternatively, you can trace

not shown, select the closest select the closest downward, as the BMIs are also
one. Select the next higher one. If the weight on the bottom row. If the weight
measurement if the child’s is halfway between was “on the line,” the BMI would
measurement is halfway those shown, consider ~ be halfway between those shown,
between those shown. it “on the line.” e.g.,15.5if between 15 and 16.

Omar is a one-month-old newborn. His length is 47.2 cm, and his weight is 2.3.

To determine his BMI, using the BMI table:

® Look for the closest ® Omar’s weight is 2.3 kg. his ® Tracing a finger upward from
value for his lengthinthe ~ weight on the row for his length  Omar’s weight, you find that
far left column (47 cm). falls between 2.2 and 2.4 kg. his BMI (on the top row of

the table) is 10.5.

ol Body Mass Index (BMI) st
(cm) nnmmm cm)
42 14 16 18 19 21 23 2.8 3.0 42
43 15 1.7 18 2.0 22 24 2.6 2.8 3.0 3.1 3.3 3.5 3.7 3.9 4.1 4.3 4.4 4.6 4.8 43
44 15 1.7 19721 23 25 27 29 31 33 35 3.7 39 41 43 45 46 48 50 44
45 16 18 20 22 24 26 28 3.0 3.2 34 36 3.8 41 43 45 47 49 51 53 45
46 1.7 19 21 23 25 28 3.0 3.2 34 36 38 40 42 44 47 49 51 53 55 46
1.8 2.0 2.2.2.4 26 29 3.1 33 35 3.8 40 42 44 46 49 51 53 55 57 47
48 18 2.1 23 25 28 3.0 32 35 37 39 41 44 46 48 51 53 55 58 6.0 48
49 19 22 24 26 29 31 34 36 38 41 43 46 48 50 53 55 58 6.0 6.2 49
50 20 23 25 28 30 33 35 38 40 43 45 48 50 53 55 58 6.0 63 65 50
51 2.1 23 26 29 3.1 34 36 39 42 44 47 49 52 55 57 6.0 6.2 6.5 6.8 51
52 22 24 27 30 32 35 38 41 43 46 49 51 54 57 59 62 65 68 7.0 52

-



Asmais a 3 years and 2 months old girl. Asma’a height is 89.1 cm, and her weight is 12.6 kg.

To determine his BMI, using the BMI table:

® The closest height in ® Asma’s weight is 12.6 kg. ® Tracing a finger upward from her
the far left column of The closest weight on the weight, you find that her BMI (on
the table is 89 cm. row for her heightis 12.7kg.  the top row of the table) is 16.
Lot Body Mass Index (BMI)
nﬂ-ﬂlﬂm-ﬂ
84 10.6 133 12.0 127 134 141

85 5.8 6.5 7.2 7.9 8.7 9.4 10.1 108 116 123 13.0 13.7 145
86 5.9 6.7 7.4 8.1 8.9 9.6 104 111 118 1266 133 141 1438
87 6.1 6.8 7.6 8.3 Ondl 9.8 106 114 121 129 136 144 151
88 6.2 7.0 7.7 8.5 8.3 10.1 108 116 24 132 139 147 155
6.3 7.1 79 8.7 9.5 103 | ki | 3Ly @ 135 143 150 158
90 6.5 73 8.1 8.9 9.7 105 113 122 130 138 146 154 16.2
91 6.6 2.5 8.3 Edl 9 108 116 124 132 141 149 157 16.6
92 6.8 2.6 8.5 ©.3 102 110 118 127 135 144 152 16.0 16.9

To determine Asma’s BMI using the formula (kg/m?) and a calculator, we need her height in
meters. Since her height is 89.1 cm, we convert it to meters by dividing by 100, giving us 0.891
m. Now, we plug this into the formula: 12.6 kg + (0.891 m)? = 15.87... Rounded off, it's 15.9. This
shows that using either the BMI table or the calculator gives us very similar results.

Child Growth Monitoring: A Technical Guide I I I



)/
A1
1
‘- 1 //1
‘ /‘/ d

/ l il
1
1

CHAPTER 3.

INTERPRETING
GROWTH INDICATORS




After completing the child’s measurements, it is important to identify trends or patterns of
growth. This can be done by plotting the measurements accurately on appropriate growth
charts. Understanding growth chart terminology is essential for accurately interpreting growth
measurements. Instead of analyzing a single measurement in isolation, comparing it to other
measures like height or age is crucial to derive meaningful insights. Common indices for children
under five include weight-for-age, weight-for-length/height, length/height-for-age, and head
circumference-for-age. These indices are typically represented as percentiles or z-scores to
facilitate interpretation and comparison (30). In addition, it is important to plot measurements on
sex-specific charts since sex can influence infant growth in terms of body size, composition, and
growth patterns (18).

3.1 Plot Points for Growth Indicators

Organization

Weight-for-age GIRLS @)t

6 months to 2 years (z-scores)

The vertical

line represents

the y-axis, =

displaying <

length (in °
B

centimeters).

Months

1year .
Age (completed months and years) X-axis

WHO Child Growth Standards
The horizontal line at the bottom of the graph is known as
the x-axis, depicting age (in completed months and years).
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3.2 Interpret Plotted Points for Growth Indicators

BMI-for-age BOYS (&) ons et

Organization
2 to 5 years (z-scores)

3 Z-score lines on

: the growth charts
are numbered
positively (1,2, 3)
2. may represent a
growth problem

The line labeled
0 on each chart
0 represents the
median (average)

Z-score lines on

2 the growth charts
are numbered
3 negatively (-1, -2,
] . -3) may represent
Age (completed months and yea a growth problem

WHO child Growth Standards

° A plotted point that is close to the 0 A plotted point that is close to the

median indicates normal growth median indicates normal growth

® The curved lines on the chart represent results as either percentiles or z-scores (also
known as standard deviation scores SD).

® While both methods are suitable for interpretation, the WHO recommends using z-scores.

® In the z-score system, the middle line labeled (0) signifies the median, equivalent to the
line labeled (50th) in the percentile system.

® The median or 50th percentile indicates the average age of adolescents with the
measured height, weight, or BMI in the reference population.



® | ines on either side of the median represent a deviation from the average. The farther
the plotted point is from the average in either direction (above or below), the greater
the risk of growth problems.

Box 3: | Plotting measurements on growth charts

Make sure to read the plotted points as follows:

® A point between the z-score lines -2 and -3 is “below -2.”
® A point between the z-score lines 2 and 3 is “above 2.”

3.3 Identify Normal Growth and Growth Problems

3.3.1 Cut-off points

Cut-off points are used to express growth through z-scores. For instance, a plotted point between
(-1, +1) SD or z-score line indicates normal growth (Table 2). Points falling below <-2 SD or above
>+2 SD indicate higher risk levels, categorized as preclinical and clinical levels, respectively (17, 31).

Table 2. Interpretation of cut-off points

Cut-off Interpretation

Between and including -1 and +1 Normal

<-lands<-2or>+1and=+2 Should raise alert and be monitored (equivalent pre-
clinical level)

<-20r>+2 Should raise alert and be treated (equivalent to clinical
level)

<-3or>+3 Show increased severity
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3.3.2 Growth problems

Table 3 and Figures 20-23 offer a concise overview of definitions for growth problems based on
z-scores. It's important to observe that each indicator is associated with a specific definition
by being plotted above or below a particular z-score line. If the indicator falls precisely on the
z-score line, itis categorized as beingin the less severe category. In addition, it is essential to look
at all of a child’s growth charts together, particularly if only one of the charts shows a problem.

Table 3. Cut-off points for growth assessment and growth problems.

Height-for- Weight-for-

age Weight-for-age length/height

BMI-for-age

Above 3 Tallness Better to use BMI-for-age Obese Obese

Above 2 Normal Better to use BMI-for-age Overweight Overweight

Possible risk of Possible risk of
overweight overweight

Above 1 Normal Better to use BMI-for-age

Below -2 Stunted Underweight Wasting Wasting
Below -3 S;:ﬁ,:::jy Severely underweight Severe wasting  Severe wasting



Length-for-age BOYS @) ey

Organization

Birth to 2 years (z-scores)

Age (completed mo and yea
WHO Child Growth Standards

Figure 20. Cut-off points for length/height-for-age and growth problems

Weight-for-age GIRLS @) sy

Organization
6 months to 2 years (z-scores)

de elo ]

severe underweight

WHO Child Growth Standards

Figure 21. Cut-off points for weight-for-age and growth problems
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Organization

Weight-for-length GIRLS @) e

Birth to 2 years (z-scores)
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WHO Child Growth Standards

Figure 22. Cut-off points for weight-for-lenghts and growth problems

Organization

BMI-for-age BOYS @) s

2 to 5 years (z-scores)

()

D

D

D
oq Kl
w

WHO Child Growth Standards

Figure 23. Cut-off points for BMI-for-age and growth problems



3.3.3 Interpret trends on growth charts

It's crucial to understand that a single plotted point is inadequate for making a diagnosis.
Instead, multiple points are plotted over time to illustrate trends and ascertain whether growth
aligns with the standards or deviates from it. To interpret trends in a child's growth, observe the
plotted points for growth indicators across multiple visits. These trends can signify consistent
and healthy growth or indicate potential growth issues, suggesting that the child may be "at risk"
and requiring further assessment.

Typically, children who are growing "normally" will follow trends that run parallel to the median
and z-score lines. Their growth trajectory will often fall within a designated track, which can be
either above or below the median and roughly parallel to it.

When interpreting growth charts, it's essential to watch out for the scenarios depicted in Figures
24-26, which may suggest a problem or indicate potential risk. Being aware of these situations
can help in identifying potential issues early and taking appropriate actions.
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Figure 24. The child's growth line crosses a z-score line.
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Figure 25. There is a significant upward or downward trend in the child's growth line.
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Figure 26. The child's growth line remains stagnant, showing no increase in
weight or length/height over time.

.



3.5 Anthropometric Measurement Accuracy

Accurate measurement of growth parameters is fundamental in assessing the health and
nutritional status of individuals, particularly in pediatric care. Ensuring precision in anthropometric
measurements not only allows for early detection of growth abnormalities but also aids in
monitoring the effectiveness of interventions. Healthcare professionals play a pivotal role in
maintaining the highest standards of measurement accuracy through proper training, adherence
to standardized procedures, and diligent equipment maintenance (17, 32, 33).

Follow established protocols

Adhere strictly to measurement protocols outlined

in reliable anthropometry manuals and guidelines.
Consistency in protocol implementation is key to

reliable data collection.

for healthcare
professionals

Regular equipment maintenance

Ensure that measurement instruments, such as scales
and height boards, are accurately calibrated and well-
maintained. Regularchecks and calibration, preferably

weekly, help uphold measurement precision.

Continuous training and Proper care of equipment

standardization Store measurement equipment in clean, controlled

environments at normal indoor temperatures. Protect

Invest in ongoing training
sessions for healthcare staff equipment from moisture and humidity to prevent

to ensure proficiency in damage and ensure longevity.
measurement techniques.

Regular standardization Quality assurance practices

sessions help maintain .‘.}
consistency and accuracy @ Implement quality control measures to monitor
across measurements. A2 accuracy and precision in measurement techniques.

Establish protocols for corrective actions in case of
deviations or errors.
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4.1 Case Study 1
The following table presents the measurements for two girls (X) and (o).

I S 7 T T

2 years 4 months 14.8
° 4 years 6 months 12 90 14.8

The girls measurements are plotted on four different charts: weight-for-age, height-for-age,

weight-for-height, and BMI-for-age.
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Figure 27. Height-for-age: Girl X's plotted point is just above the median for height-
for-age indicating normal growth, while girl e is below the -3 z-score line, indicating
that she is severely stunted.
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Figure 28. Weight-for-age: Girl X's plotted point is on the median indicating normal
growth, while girl e is below the -2 z-score line, indicating that she is underweight.
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Figure 29. Weight-for-height: Both girls have the same weight and height falling
just below the median.



BMI-for-age GIRLS %

Organization
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Figure 30. BMI-for-age: Since the girls have the same weight and height, the BMI
for-age for both girls is below the median.

In conclusion, interpreting growth patterns solely based on one growth chart
may not provide a comprehensive understanding of a child>s overall growth and
development. For example, comparing Girl X and Girl e, even though they have
the same height and weight, the different positions of their plotted measurements
on the height-for-age and weight-for-age charts show that Girl e is shorter and
lighter for her age. However, when we look at their BMI-for-age, it suggests they
both have a healthy weight for their height.

This highlights the importance of looking at different growth charts to fully
understand a child>s growth. Relying on just one chart might miss important
signs of growth problems or nutritional issues. So, healthcare providers should
combine information from various charts to get a complete picture of a child's
growth and to spot any potential concerns.
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4.2 Case Study 2

Fadiwas bornon 21 January 2023. He was a single, term birth (39 weeks of pregnancy). According
to his birth record, his weight was 3.2 kg and length was 51.1 cm. Fadi is the only child born to his
mother. He was breastfed exclusively till 6 months of age. There have been no unusual adverse
events in his life so far.

The table below includes Fadi’s measurements from different visits.

I S T T

4 months 62.3 16.7

2 6 months 7.3 64.3 17.7

3 9 months 8.6 66.9 19.2

4 12 months 10.1 70.0 20.7

5 18 months 12.0 75.1 21.3
Length-for-age BOYS @) ey

Birth to 2 years (z-scores)

Figure 31. Length-for-age: Fadi was of average length at birth, but his growth trend has shown periods
of slow growth. Over a period of 18 months, his length-for-age has dropped from the median at birth
to below -2 z-score. At 18 months, Fadi is identified as stunted based on his length-for-age chart.
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Figure 32. Weight-for-length: Fadi’s weight-for-length has moved from around -1 z-score
at birth to above +2 z-score at 18 months as he was gaining weight while his length gains
were slow. Fadi is identified as overweight at 18 months of age.
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Figure 33. BMI-for-age: Fadi’s BMI at birth was normal and around the median. In his subsequent
visits, Fadi’s BMI was significantly increased and crossed multiple z-score lines. At 9 months,
Fadi's BMI was above the +1 z-score indicating overweight. This trend continued as he crossed the
+2 z-score at 12 months reaching above the -3 z-score at 18 months. Fadi’s BMI for age indicates
that he is obese at 18 months of age as the point is above +3.

While Fadi started with average length at birth, his growth trajectory has taken a concerning
turn. By 18 months, he has become stunted, with his length-for-age dropping below -2 z-score.
This decline is compounded by his rapid weight gain, resulting in being identified as overweight
based on the weight-for-length chart and ultimately obese based on the BMI-for-age chart.
Despite his weight appearing appropriate for his age, as indicated by the weight-for-age chart, his
stunted growth has resulted in him gaining weight disproportionally with his lengths leading to
him becoming obese at 18 months. This highlights the importance of plotting children’s growth
on different charts and examining different indicators to obtain a full picture and an accurate
assessment of their nutritional status.
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CHAPTER.

CONCLUSION

Growth monitoring plays a pivotal role in pediatric care, facilitating the early detection of
growth problems that could potentially impact a child's health and development. It provides
healthcare professionals with valuable insights into a child's growth trajectory, allowing for
timely intervention when deviations from expected patterns are identified. Accurate data
collection methods and the use of reliable tools are paramount in ensuring the effectiveness of
growth monitoring practices. By integrating growth monitoring into comprehensive pediatric
care, healthcare providers can offer holistic support to children and their families, addressing
not only immediate concerns but also fostering optimal physical and cognitive development
over the long term. This proactive approach underscores the importance of regular monitoring
and intervention, ultimately contributing to the overall well-being of children.

Use Age-Appropriate Growth Charts for Boys and Girls

Utilize growth charts appropriate for the age range of the

PRACTICAL

child being monitored.

TIPS [ —

for Effective Regularly Update Growth Charts

Growth Monitorin
: Update growth charts at every well-child visit to track

changes over time accurately. Consistent monitoring
allows for early detection of growth deviations and timely

interventions.

Engage Parents/Guardians

Encourage parents/guardians to actively participate in
growth monitoring by providing them with understandable
explanations of growth parameters and involving them in
discussions about their child's growth trajectory.
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Monitor Growth Velocity

Pay attention to growth velocity, especially during critical periods of growth,
such as infancy, puberty, and adolescence. Sudden changes in growth velocity
may indicate underlying health issues that require further evaluation.

Consider Developmental Milestones

Integrate assessment of developmental milestones with growth monitoring to
provide a comprehensive evaluation of a child's overall health and well-being.

Collaborate with Specialists

Collaborate with other healthcare professionals, such as pediatric
endocrinologists, nutritionists, and psychologists, for multidisciplinary
evaluation and management of complex growth issues.

Document Growth Data

Maintain accurate and detailed documentation of growth data in the patient's
medical record, including measurements, growth charts, and any relevant
observations or discussions during consultations.

Stay Informed

Stay updated on the latest research, guidelines, and best practices in growth
monitoring through continuing education, professional development
opportunities, and participation in relevant conferences or workshops.

Ongoing Training and Standardization

Conduct ongoing training and standardization to ensure accurate and
consistent measurements.

Equipment Maintenance and Care

Ensure regular maintenance, calibration, and proper storage of measurement
equipment to maintain accuracy, prevent damage, and extend its lifespan.
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