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ABSTRACT

Growth monitoring and promotion of optimal growth are essential
components of primary health care for infants and children. Serial
measurements of weight, height/length for all children, and head
circumference for infants and toddlers, compared with the growth of
alarge sample population of children depicted on a selected growth
chart help to confirm a child’s healthy growth and development. It
also allows early identification of potential nutritional or health
problems and enables prompt action before a child’s health is
seriously compromised. To date, growth charts have described
the growth of their sample population regardless of whether
that growth is ideal or not. The release of new, improved growth
charts from the World Health Organization (WHO) has prompted
a re-examination of existing recommendations for assessing the
growth of Canadian children. The optimal growth displayed in
the WHO Growth Standards for infants and preschool children
represents the prescribed gold standard for children’s growth. The
newly constructed growth charts for older children have also been
updated and improved to reflect optimal growth. The 2006 WHO
Child Growth Standards for children (birth to five years) and the
WHO Growth Reference 2007 (for children and adolescents (5
-19 years) are now recommended for the assessment of growth of
Canadian children based on this review by Dietitians of Canada,
Canadian Paediatric Society, The College of Family Physicians of
Canada and Community Health Nurses of Canada. This statement
presents recommendations and the rationale for implementation
of both sets of the WHO growth charts for monitoring the growth
of individual children. It is intended for use as a practice guideline
to assist medical practitioners and allied health professionals to
provide evidence-informed, consistent care.

RESUME

La surveillance de la croissance et la promotion d’une croissance
optimale constituent des éléments essentiels des soins de santé
primaires pour les nourrissons et les enfants. La comparaison
des mesures sérielles de poids et de taille/longueur chez tous les
enfants et du périmetre de la téte chez tous les nourrissons et tout-
petits a une courbe de croissance choisie qui illustre la croissance
d’un important groupe échantillon composé d’enfants peut aider
a confirmer la croissance et le développement sains d’un enfant.
Une telle comparaison permet également de dépister de maniere
précoce des problemes de santé ou des problemes nutritionnels
potentiels et de réagir rapidement, avant que la santé d’un enfant
ne soit gravement compromise. Jusqu’'a présent, les courbes de
croissance décrivaient la croissance de leur groupe échantillon,
peu importe s’il s’agissait d’un profil de croissance idéal ou non.
Or, la publication de nouvelles courbes de croissance améliorées
par I’Organisation mondiale de la Sant¢ (OMS) a entrainé une
révision des recommandations existantes pour 1’évaluation
de la croissance des enfants canadiens. En effet, la croissance
optimale présentée dans les normes OMS de croissance pour
les nourrissons et pour les enfants d’age préscolaire constitue la
norme or en matiere de croissance des enfants. Par ailleurs, les
courbes de croissance pour les enfants plus 4gés, qui avaient été
concues récemment, ont également été mises a jour et améliorées
afin de refléter la croissance optimale. Les diététistes du Canada,
la Société canadienne de pédiatrie, le College des médecins de
famille du Canada et 1’ Association canadienne des infirmieres et
infirmiers en santé communautaire ont procédé a une revue de la
littérature, et les normes OMS de croissance de I’enfant 2006 pour
les enfants (de la naissance et a 5 ans) et les références OMS de
croissance 2007 (pour les enfants et adolescents de 5 a 19 ans) sont
maintenant recommandées pour évaluer la croissance des enfants
canadiens. La présente déclaration décrit les recommandations et
I’argumentaire relatifs a I’implantation des deux types de courbes
de croissance OMS pour surveiller la croissance des enfants sur
une base individuelle. Cette déclaration devrait étre utilisée a titre
de ligne directrice de pratique dans le but d’aider les médecins
praticiens et le personnel paramédical a fournir des soins cohérents
et fondés sur des données probantes.
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ISSUES STATEMENT

Growth monitoring is the single most useful tool for defining
health and nutritional status in children at both the individual
and population level. This is because disturbances in health
and nutrition, regardless of their aetiology, almost always
affect growth." When disturbances in growth are caught
early, small changes in behaviour that are within the means
of many families, are likely to be effective in reversing the
trend. However, abnormal patterns of weight gain and growth
often go unrecognized and undiagnosed for several reasons,
namely:

= Some infants and children are not routinely weighed and
measured at their regular health care visits, while others
see a health professional only for acute care and may not
be measured at all.

= Measurements taken incorrectly, plotted on a growth
chart inaccurately, or not plotted at all, may lead to
erroneous interpretation of growth patterns and missed or
unnecessary referrals.

= More recent growth charts have reflected the increasing
prevalence of unhealthy weights, raising the growth
curves, leading to under-identification of overweight
individuals and over-identification of individuals with
failure-to-thrive.

m  Furthermore, regular assessment of growth is not effective
in improving child health unless what is revealed by the
growth monitoring is discussed with the family, and
information about adequate or inadequate changes in
growth is used to reinforce or motivate positive nutritional
and healthy lifestyle practices.”

Canada does not have a national paediatric surveillance
system for collecting anthropometric and nutritional data;
therefore, national growth charts do not exist for Canadian
children. Growth references have been developed from small
populations of Canadian children that were not nationally
representative.”” Over the last three decades there has been
substantial discussion on which reference population to
use in assessing adequacy of childhood growth. In 2004,
Dietitians of Canada, Canadian Paediatric Society, The
College of Family Physicians of Canada and Community
Health Nurses of Canada published recommendations® for
use of the 2000 American growth charts from the Centers
for Disease Control and Prevention.” At the time, there
was evidence that growth patterns of well-fed healthy
preschool children from diverse ethnic backgrounds
were comparable'®'""* thus supporting the use of a single
international growth reference based on healthy, well-
nourished children from different geographic and genetic
origins who had fully met their growth potential.""” However,
until recently, no such international growth charts existed.

In 2006, the World Health Organization (WHO), in
conjunction with the United Nations Children’s Fund and
others, released new international growth charts depicting
the growth of children from birth to age five years, who had
been raised in six different countries (Brazil, Ghana, India,
Norway, Oman, USA) according to recommended nutritional
and health practices, including exclusive breastfeeding for
the first four to six months of life.2 In 2007, the WHO also
released charts for monitoring the growth of older children
and adolescents that had been updated and improved to take
into account the growing epidemic of childhood obesity.
Availability of these new charts from the WHO has again
raised the question of which are the most desirable growth
charts to use for Canadian children. This statement focuses
on growth monitoring and the use of growth charts for
individual assessment of growth.

2 The WHO Growth Study was initiated in 1997, before WHO's policy on
the optimal duration of exclusive breastfeeding was changed in 2001
from “4 to 6” months to 6 months.

DIETITIANS OF CANADA AND
CANADIAN PAEDIATRIC SOCIETY
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DEFINITIONS

Corrected age: for preterm infants (<37 weeks gestation), the age of the infant from birth minus the number of weeks
premature.

Growth monitoring: the serial weighing and measuring of the length/height (and head circumference if < 2 years old) of
a child and graphing both measurements on a growth chart.”

Growth reference: simply describes the growth pattern of a defined population, without making any claims about health
status. In simple terms, a reference describes “what is”.

Growth standard: defines a recommended pattern of growth that has been associated empirically with specified health
outcomes and minimization of long-term risks of disease. It represents ‘healthy’ growth of a population and suggests a
model or target pattern of growth for all children to achieve. In simple terms, a standard describes “what should be”.

Growth velocity: the average change in a specific anthropometric measure over a specific time period, ideally 1 year
and no shorter than six months (e.g. increase in cm of height per month over the previous year). Growth velocity charts
are created from incremental data acquired from longitudinal measurements. They are more sensitive indicators of small
changes in growth status than regular (size-attained) charts, and more helpful when assessing changes in growth rates

that are important in selected growth disorders and therapies."

Malnutrition: deficiencies, excesses orimbalances in intake of energy, protein and/or other nutrients. Contrary to common
usage, the term malnutrition correctly includes both undernutrition and overnutrition.

Nutrition negotiation: the process of decision-making between a health professional and a parent(s) or other care
provider, regarding the actions the parent/care provider will take to correct their child’s abnormal pattern of growth.2

Growth surveillance: monitoring the growth status of a population. Usually measurements of height and weight are
taken periodically on a representative sample of children to monitor trends in their growth status over time.”

Nutritional status: the condition or state of the body in relation to the matters influenced by the diet; the levels of nutrients
in the body and the ability of those levels to maintain normal metabolic integrity, including growth in children.

Overnutrition: a chronic condition where intake of food is in excess of dietary energy requirements, resulting in overweight
or obesity.

Promotion of optimal growth: the process of weighing and measuring the length/weight (and head circumference if
< 2 years old), assessing growth, and providing counselling and motivation for actions to improve abnormal patterns of

growth.”

Undernutrition: The result of food intake that is continuously insufficient to meet dietary energy requirements, poor
absorption and/or poor biological use of nutrients consumed.

z-scores: Also known as standard deviation (SD) scores, z-scores are a dimensionless quantity used to describe how
far a measurement is from the mean (average) or median. Percentiles are commonly used in the clinical or community
setting because they indicate simply and clearly a child’s position within the context of the reference population. Use of
z-scores is almost universal for population-based applications and research reporting. For comparison purposes, the
50th percentile is equal to a z-score of 0, the 15th and 85th percentiles approximate z-scores of -1 and +1 respectively,
the 3rd and 97th percentiles approximate z-scores of -2 and +2 respectively, and the 1st and 99th percentiles approximate
z-scores of -3 and +3, respectively.

EXACT ROUNDED

EXACT ROUNDED

£SCORE  pERCENTILE  PERCENTILE ZSCORE  pERCENTILE  PERCENTILE
0 50th 50th
1 15.9 15t 1 84.1 85th
2 2.3 3rd +2 97.7 g7th
3 0.1 st +3 99.9 9gth
DIETITIANS OF CANADA AND 3 ©2010. Al rights reserved.
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INTRODUCTION

Optimal growth depends on genetic constitution, normal
endocrine function, adequate nutrition, a nurturing
environment, and an absence of chronic disease. Fetal, infant,
maternal, and environmental factors can interact to impair
intrauterine and postnatal growth.’> Genetic differences in
birth-weight among various populations are small and,
although there are some racial/ethnic differences in growth,
these differences are now known to be relatively minor,
compared to worldwide variations in growth which are due
to health and environmental influences (e.g. poor nutrition,
infectious disease, socio-economic status).!0!1-12

GROWTH MONITORING

The main objectives of growth monitoring and promotion of
optimal growth are to'®!7:

a) provide a tool for nutrition and health evaluation of
individual children

b) initiate effective action in response to abnormal patterns
of growth

c) teach parents how nutrition, physical activity, genetics
and illness can affect growth and, in doing so, motivate
and facilitate individual initiative and improved child-
care practices

d) provide regular contact with primary health care services
and facilitate their utilization.

There are five main activities linked to growth monitoring
and promotion at the individual level:'

1) accurately measuring weight, length or height, and head
circumference

2) precisely plotting measurements on the appropriate,
validated growth chart

3) correctly interpreting the child’s pattern of growth

4) discussing the child’s growth pattern with the parent(s)/
caregiver and agreeing on subsequent action when
required

5) on-going monitoring and follow-up, when required,
to evaluate the response to the recommended action to
improve the child’s growth.

IMPORTANCE OF ACCURATE MEASUREMENTS AND
PLOTTING

Accurate, reliable measurements are fundamental to growth
monitoring and to making sound clinical judgements on the
appropriateness of a child’s pattern of growth. A number of
studies have illustrated a disturbing frequency of inaccurate
growthmeasurementsinavariety of health care settings. '81%:202!
Accurate measurements have three components:

m a standardized measurement technique

m quality equipment which is regularly calibrated and
accurate and

m trained measurers who are reliable and precise in their
technique.?>?

Reliable growth data does not require expensive equipment,
just careful technique and accurate charting. Information
on the appropriate equipment and techniques for accurate
weighing and measuring is readily available.?*? A child’s
measurements should be consistently and accurately recorded
in an age and gender-appropriate growth record, carefully
plotted and then analyzed to identify any disturbances in
the pattern of growth. Failure to plot measurements and/or
document growth abnormalities also contribute to missed
opportunities to identify and address nutrition or illness-
related growth problems. 826

GROWTH CHARTS

Growth charts are graphic presentations of body
measurements of a population that aid in the assessment of
body size and shape, as well as the observation of patterns
in growth performance. They are used in the assessment and
monitoring of individual children and in screening whole
populations.”’” They serve as one component in a holistic
approach to growth assessment and management. They are
not a diagnostic tool and they should always be used in
conjunction with other information when evaluating a child’s
general health. The ideal growth chart would be based on
data collected longitudinally and should be representative
of children whose feeding and care comply reasonably with
recommended health practices so that the growth illustrated
represents the best standard possible for all children.

Because no geographically diverse growth chart existed, in
1978 the World Health Organization (WHO) adopted for
international use®® the growth charts from the American
National Centre for Health Statistics (NCHS).?® These charts
had been developed from data of American children (ages 2
to 18 years) collected in five nationally representative surveys
between 1963-1974. Charts for infants and toddlers (birth to
36 months) were based on data collected in a single regional
study of predominantly white infants from middle to upper
socioeconomic class, who were primarily formula-fed.

DIETITIANS OF CANADA AND
CANADIAN PAEDIATRIC SOCIETY
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In May 2000, these NCHS charts were replaced with
16 more current and improved American growth
charts from the Centers for Disease Control and
Prevention (CDC).* The CDC revised growth charts
included more current and nationally representative
data for infants. They also incorporated secular
changes in growth, utilized improved statistical
methods for smoothing growth curves, and added
BMlI-for-age curves for children older than two
years to evaluate weight as a function of height.
This latter feature was not included on previous
growth charts for older children and adolescents.

In2004, the CDC growth charts* were recommended
nationally for use in monitoring the growth of
Canadian children.® At that time, limitations of
the charts were noted and an acknowledgement
was made of the need to reassess growth chart
recommendations as more appropriate data became
available.®

LITERATURE REVIEW
AND DISCUSSION

INTERNATIONAL GROWTH CHARTS FROM
THE WORLD HEALTH ORGANIZATION (WHO)

WHO Child Growth Standards:
Birth to five years

In April 2006, new growth charts based on a large
global sample of children up to five years old were
released by the WHO.3!32 They were the product
of the Multicentre Growth Reference Study (MGRS
- subsequently to be referred to as the WHO Growth
Study), initiated by the WHO to generate new growth
curves for assessing the growth and development of
infants and young children around the world.** The
community-based, multi-country project ran from
1997-2003 and involved 8,440 affluent children from
widely different ethnic backgrounds and cultural
settings (i.e. single cities in Brazil, Ghana, India,
Norway, Oman, and the USA). Study sites were
chosen to ensure children lived in socioeconomic
and environmental conditions favourable to growth,
were geographically stable and had >20% of mothers
practising breastfeeding (Table 1).

Table 1

: Study design and individual eligibility and exclusion

criteria for the sample population in the WHO Growth Study used to
construct the WHO Child Growth Standards??3

BIRTH TO 24 MONTHS 18 TO 71 MONTHS

STUDY longitudinal; 21 cross-sectional; except in
DESIGN measurements: at birth; Brazil and USA where a
weeks 1,2,4,6; monthly from| mixed-longitudinal design
2-12 months; bimonthly in was used in which some
2nd year of life children were measured 2-3
times at 3-month intervals in
the 2nd year of life
SAMPLE SIZE | 882P 6,669°
ELIGIBILITY | m gestational age = 37 wk and < 42 wk
= singleton birth
m  absence of significant morbidity in the newborn
= optimal health care including immunizations and good

routine paediatric care
non-smoking mother

= exclusive or predominant breastfeeding for at least

four months® and partial breastfeeding continued to
at least 12 months for infants in the longitudinal
(birth to 24 month) group

= minimum duration of three months of any
breastfeeding for children in the cross-sectional
(18-71 month) group

= introduction of complementary foods between
4 and 6 months®

EXCLUSION | m preterm infants
|

very low birth-weight infants (<1,500 g)

An important finding from the WHO Growth Study was that,
in spite of differences in racial and ethnic background, there
were minimal differences in the rates of linear growth observed
among the six countries. After adjusting for age and sex, the
variability in the measured length of participants from birth
to 24 months was overwhelmingly due to differences among
individuals (70% of the total variance) and only minimally
to differences among countries (3% of the total variance).36
This strengthens the evidence that children of all ethnic
backgrounds have similar potential for growth when raised in
environmental conditions favourable to growth, particularly
smoke-free households, and have access to health care and
good nutrition.

b Data from some of the 8,440 children in the WHO Growth Study whose families did not adhere to all feeding aspects of the study or who had medical
conditions affecting growth were not used to generate the growth charts.

¢ The WHO Growth Study was initiated in 1997, before WHO'’s policy on the optimal duration of exclusive breastfeeding was changed. In 2001, WHO
changed its recommendation for exclusive breastfeeding from four to six months of age to exclusive breastfeeding until six months of age, with the
introduction to nutrient rich solid foods at six months with continued breastfeeding for up to 2 years and beyond.®

DIETITIANS OF CANADA AND
CANADIAN PAEDIATRIC SOCIETY
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The set of charts from the WHO
include charts for weight-for-age,
length/height-for-age, weight-for-
length/height, body mass index
(BMI)-for-age, head circumference,
mid-upper arm circumference, and
triceps and subscapular skin-fold
thicknesses. Growth velocity tables for
weight, length and head circumference
are available from birth to 24 months
of age and, like the charts for skin-
folds and arm circumference, are
used primarily in specialized clinical
practice (e.g. endocrinology) or
research for more accurate portrayal
of rate of growth or body composition.
For all parameters, the WHO charts and
tables are available for both percentiles
and z-scores as well as a number of
different age ranges (Table 2). Also
available from WHO are downloadable
software (WHO Anthro, Version 2)¥
for generating percentiles and z-scores
for individual children, and macros
for other statistical software packages
(SPSS, SAS, S-Plus, STATA) to
facilitate population data analysis.

Table 2: Sets of growth charts in the WHO Child Growth Standards

PARAMETERS AGE RANGES? PERCENTILES Z-SCORES
weight-for-age birth-6 mo; birth-2 yr; | 0.1, 3, 15t 50t
length- or height-for- | birth-5 yr; 6 mo-2 yr; | 85", 97t 99.9t
age 2-5yr for all sets
weight-for-length birth-2 yr
weight-for-height 2-5yr
body mass index birth-2 yr; birth-5 yr;
(BMI)-for-age 2-5yr

. L - hirth. 1st, 3rd, 5th 15t 1-3,-2,-1,0, + 1,
head circumference | birth-13 wk; birth-5 yr 25th. 501 751 851 | + 2, + 3 for all
mid-upper arm 95!, 97, 99t for [ setse
circumference all sets
triceps skinfold 3 mo-5yr
thickness
subscapular skinfold
thickness
weight velocity tables | birth to 24 monthsf
- - 1st, 31, 5th, 15, -3,-2,-1,0,+1,
length velocity tables | birth to 24 months® | o5t 50t 75t gs5th | + 2, + 3 for all
95t 97t 9oth for all | sets

head circumference
velocity tables

birth to 24 monthsh

sets

d For each age range cited, such as birth to 6 months or birth to 5 years, the range should be interpreted as up to, but not including the 6" month or up

to, but not including 5 years etcetera.

¢ + 1 z-scores for length/height-for-age are not displayed because they are seldom used for clinical purposes.

f Velocity standards for weight are presented as 1 month increments from birth-12 months, and as 2 to 6-month increments from birth-24 months.
Weight increments by birth-weight category (particularly useful for lactation management purposes) are presented in 1-week and 2-week intervals

from birth-60 days.

9 Velocity standards for length are presented in 2 to 6-month increments.

h Velocity standards for head circumference are presented in 2 and 3-month increments from birth-12 months, and 4 to 6-month increments from
birth-24 months. Weight increments by birth-weight category (particularly useful for lactation management purposes) are presented in 1-week and

2-week intervals from birth-60 days.

DIETITIANS OF CANADA AND
CANADIAN PAEDIATRIC SOCIETY
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RATIONALE FOR RECOMMENDING THE WHO CHILD
GROWTH STANDARDS FROM BIRTH TO FIVE YEARS

i) Growth references versus growth standards

The CDC growth charts merely describe how their sample
population of children grew, regardless of whether their
rate of growth was optimal or not. Although very low birth-
weight infants (<1500 g) were excluded, no other restrictions
were made to limit the infants to those who were healthy
and growing optimally. Therefore, the CDC growth curves
potentially depict the growth of some infants who may have
been fed inappropriately, raised in substandard environmental
circumstances, or had infectious or chronic illness or disease.
Because of their descriptive nature, the CDC growth charts
are considered to be growth references.

On the other hand, because the children in the WHO Growth
Study were raised under optimal health conditions, the WHO
growth charts represent the best description of physiological
growth for children from birth to five years of age. They
embody optimal growth and, as such, depict the rate of
growth that should serve as a goal or prescription for all
healthy Canadian infants and children to achieve, regardless
of ethnicity, socioeconomic status, and type of feeding.
Because of their prescriptive nature, they are considered
to be growth standards. Adoption of the WHO standards
will promote evidence-informed practice for the benefit of
Canadian families.

ii) Promotion of breastfeeding as the norm

Breastmilk is the optimal source of nutrition to support healthy
growth and cognitive development of infants. Breastfeeding
is also associated with better short-term outcomes such as
lower morbidity from gastrointestinal infections. There
is a smaller body of evidence, still somewhat conflicting,
suggesting potential benefits of breastfeeding on long-term
health outcomes, such as obesity, hypertension, diabetes,
and cardiovascular disease.’®3404! For these reasons, current
Canadian® and international® infant feeding guidelines
recommend exclusive breastfeeding until six months of
age, with the introduction to nutrient rich solid foods, with
particular attention to iron, at six months with continued
breastfeeding for up to two years and beyond. Recognizing
that breastfed and formula fed infants grow differently,*
growth charts more reflective of the growth of breastfed
infants are preferable.

Although the CDC charts were based on a higher percentage
of breastfed infants than the NCHS charts they replaced, they
were created by pooling data from breastfed and formula-fed
infants. Breastfeeding rates remained low, with only 50% of
the infants having been breastfed at all and approximately
30% were breastfed for three months or longer. As a result, the
CDC growth curves continue to reflect a different pattern of
growth than typically observed in healthy breastfed infants.

The WHO Child Growth Standards were constructed based on
the growth of healthy breastfed infants and clearly establish
the breastfed infant as the normative model for growth and
development. In the WHO Growth Study, an extensive
breastfeeding support program for mothers was provided to
achieve compliance with the feeding criteria.** As a result,
75% of the infants followed longitudinally were exclusively
or predominantly breastfed for at least the first four months,
68% were partially breastfed to at least 12 months of age
and 16% were still breastfeeding at 24 months. The median
duration of any breastfeeding was 17.8 months. Therefore,
the WHO Child Growth Standards were developed based on
the growth of infants and children raised according to feeding
recommendations that approach the most current Canadian*
nutrition recommendations.

iii) Cross-sectional versus longitudinal growth
monitoring

The CDC curves are based on compiled anthropometric
measurements that were performed only once on the infants
and toddlers who were sampled. National survey data were
unavailable for the first two to three months of life, so
supplementary data was incorporated'*. Weight data were not
available between birth and two months of age and sample
sizes for the remainder of infancy were significantly below
the 200 observations per sex and age group recommended
for construction of growth curves with stable outer centiles.*
Anthropometric measurements were only available at three-
month age intervals after infancy. The cross-sectional nature
of the CDC charts represents achieved size of infants; it
does not describe rates of growth as accurately as growth
represented in longitudinal growth charts.

The growth of infants in the WHO Growth Study, however,
was followed incrementally, with each infant measured 21
times between birth and two years. The longitudinal nature
and the shorter measurement intervals used in the WHO
Growth Study result in a better tool for monitoring the
rapid, changing rate of growth in early infancy, including the
physiological weight loss that takes place in the first few days
of life.%

iv) Addressing the obesity epidemic

While the CDC removed their most current national survey
weight data for children >6 years old to help eliminate the
influence of the obesity epidemic on the 2000 CDC growth
curves, they did not exclude weight data for children <6
years. This meant that the weights of overweight and obese
children <6 years old pulled or skewed the CDC weight-
for-age, weight-for-length/height and BMI curves upwards,
artificially suggesting that children at some of the higher
curves were not necessarily overweight or obese.

DIETITIANS OF CANADA AND
CANADIAN PAEDIATRIC SOCIETY
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To avoid the influence of unhealthy weights for length/height
when constructing the Child Growth Standards, the WHO
excluded observations for infants and toddlers followed
longitudinally that were above +3 z-scores (>99.9 centile)
and below -3 z-scores (<0.1% centile) of the sample median.*
For the two to five year old children in the cross-sectional
sample, +2 z-scores (> 97.7™ centile) was used as the cut-off
instead of +3 SD, because the sample was very skewed to the
right, indicating the need to identify and exclude high weights
for height. This was considered to be a conservative cut-off,
given that various definitions of overweight apply lower
cut-offs than the definition used by the WHO.* There were
340 observations (1.2%) excluded for unhealthy weight-for-
length/height, the majority of which were in the upper curves
(i.e. overweight/obesity) of the older children.

v) International sample population

The varied cultural and ethnic backgrounds of the sample
population used to develop the WHO Child Growth Standards,
and the striking similarity in growth between sites, are relevant
not only to growth monitoring in the global community, but
also for the multicultural mix of Canada’s children. Including
data from multiple countries improves the estimate of
variability of physiologic growth.#’” While not all races were
sampled, the fact that only small differences in growth were
associated with cultural/racial background would suggest that
the trends in growth of children from non-sampled cultures
should be similar. In addition, use of data from diverse sites
avoids political controversies that arise from using a single
country’s growth patterns as the reference for optimal growth
internationally.” One international standard for assessing the
growth of all children exemplifies the compelling message
that when nutritional, health, and key environmental needs
are met, children around the world grow very similarly.3

vi) Validation with subjective assessments by health
care professionals

To demonstrate clinical soundness of the WHO Child Growth
Standards prior to their release, the growth curves were field-
tested in 4 countries (Maldives, Pakistan, Argentina, Italy)
by comparing children’s length/height-for-age and weight-
for-length/height z-scores with clinicians’ assessments of the
same children.® In all sites, children classified by clinicians
as thin were also classified as wasted (weight-for-height < -2
z-scores) and a positive linear association was also seen for
the clinicians’ classification of children’s weight from thin to
obese and weight-for-length/height z-scores.

THE WHO REFERENCE 2007: 5 TO 19 YEARS

Motivated by the global surge in childhood obesity, and
development of the WHO Child Growth Standards for
younger children, a work group convened in 2006 by the
WHO, United Nations University, and Food and Agriculture
Organization recommended development of a single
international standard for the screening, surveillance, and
monitoring of school-aged children and adolescents.*°
Experts agreed that the 1977 NCHS/WHO charts, the CDC
2000 charts, and the International Obesity Task Force centile
curves and cut-offs all had shortcomings that necessitated
a new, more appropriate standard for clinical and public
health applications for older children. A study similar to
the WHO Growth Study was deemed impossible because
of challenges in controlling the environmental dynamics of
older children in a large multicentre international study.”!
As an alternative, the WHO chose to construct a growth
reference for pre-adolescents and adolescents using the best
available historical data. After examining existing data sets
from various countries, the WHO elected to reconstruct
the 1977 NCHS/WHO growth reference by addressing
its limitations and linking construction to the WHO Child
Growth Standards curves for children under five years old.
Data points for children and adolescents with measurements
suggestive of high adiposity were excluded. The total sample
size used to generate the curves was 22,917 children. State
of the art statistical techniques were used to construct and
smooth the new growth curves’' and the same statistical
methodology was used as in the construction of the WHO
Child Growth Standards.3246

The resulting curves** for BMI-for-age, height-for-age,
and weight-for-age (up to ten years of age) (Table 3)
are considered new charts. The reconstructed charts for
school-aged children and adolescents have been named the
WHO Reference 2007, and are being adopted by countries
concerned about the growing problem of childhood obesity.
Online application tools from the WHO include free software
(WHO AnthroPlus, WHO 2009)? and macros in SAS, S-Plus,
SPSS, and STATA to monitor growth of school-age children
and adolescents.

Table 3: Sets of growth charts in the WHO Reference 2007

AGE

PARAMETERS

PERCENTILES Z-SCORES

weight-for-age 5-10 yr

; 0.1st, 3rd, 15th, | -3, -2, -1, 0, +
heightfor-age | 51997 | soth, 85th, 1,42, +3 for
body mass index | 5-19 yr | 97th, 99.9th all sets
(BMI)-for-age for all sets
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RATIONALE FOR RECOMMENDING THE WHO
REFERENCE 2007 FROM 5 TO 19 YEARS

The rationale for adoption of the WHO Reference 2007
charts is less compelling than for the WHO Child Growth
Standards. While the WHO Reference 2007 continues to be
based on cross-sectional data collected from a single country,
several features suggest they are superior to the American
CDC growth charts.

i) Addressing the obesity epidemic

In developing the 2000 CDC growth charts, the CDC excluded
the most recent national survey weight data (NHANES III;
1988-1994) for children >6 years to avoid an upward shift
in weight-for-age and BMI-for-age curves.!*3 Despite this,
the 97t and the 99.9" percentile curves (+2 and +3 z-scores)
are located very high on the CDC weight-for-age and BMI-
for-age charts, meaning that fewer overweight and obese
children and adolescents are identified as such, because the
norms have been raised.*” The lower centiles are also shifted
upwards, leading to overestimation of undernutrition, and
thus advice leading to overfeeding.

In choosing to revise the older NCHS charts rather than the
newer CDC charts, the WHO reduced the influence of rising
obesity rates over time because data for the 1977 NCHS
charts were collected between 1963-1974, before the onset
of the obesity epidemic. As well, data were cleaned to avoid
the influence of unhealthy weights-for-length/height (i.e.
> +2 SD or < -2SD) by excluding 677 data points (3% of
observations) meeting these criteria.*® This prescriptive
approach taken by the WHO to construct the charts based
on healthy growth moves them a step closer to a standard
than to a reference and is important in light of the increasing
problem of childhood obesity.

ii) Transitioning from a chart for young children to a
chart for older children

In revising the NCHS charts, the WHO merged data from
the WHO birth to five year old Child Growth Standards
with the NCHS final sample before fitting the new growth
curves for 5 to 19 year olds. This resulted in an almost perfect
match at five years-of-age between the WHO Child Growth
Standards and the WHO 2007 References. In practice this
facilitates transitioning a child from one chart to the other
at age five years.’! In addition, at 19 years of age, the WHO
2007 Reference values for BMI-for-age at the 85 centile
(overweight) and 97" centile (obesity) match almost perfectly
with adult cut-offs for BMI of 25 and 30 kg/m?, respectively.

Given that development of growth charts for older children
based on an international population and longitudinal study
design is unlikely to occur, the WHO Reference 2007 charts
appear to be the best charts available for monitoring the
growth of Canadian children from 5 to 19 years old.

DIFFERENCES BETWEEN THE CDC AND
WHO GROWTH CHARTS

For children near the outer extremes of the growth curves,
a switch to the WHO growth charts may result in a change
in their previous classification of growth or nutritional status
compared to when they were plotted on the CDC charts. An
understanding by health-care professionals of the underlying
differences between the CDC and WHO charts is required
in order for them to help children and parents understand
whether this change is significant or not.

a) Appearance and age ranges

Small visual differences exist between the charts, most
noticeably the horizontal orientation and use of two fewer
centile curves in the central curves of the WHO charts. The
WHO charts provide a wider range of available charts by age
for younger children and the transition to an older age growth
chart occurs at five years-of-age, compared to at two years or
36 months for the CDC charts.

b) Increased emphasis on the use of BMI-for-age

While each of the existing measures that estimate body
fatness (i.e. weight-for-height, percent ideal body weight,
BMI-for-age) have limitations, current consensus is that BMI
is probably the best choice for assessing body weight status
in children, adolescents and adults. Therefore, BMI should be
calculated and plotted during a paediatric health maintenance
visit for all Canadian children 2 years and older,> not just
those who look overweight or obese.

Because the focus of BMI has traditionally been identification
of overweight and obesity, there is a larger, more established
body of research linking paediatric BMI to future obesity
and adverse health/outcomes > than there is for BMI and
identification of underweight. While correlation between
BMI and measures of body fat has been shown, no correlation
between BMI and lean body mass has been demonstrated.
Use of BMI to study underweight or failure-to-thrive is
relatively new, %5 but there is increasing reference to its
use, primarily in children aged 2-20 years.®® BMI-for-age,
but not weight-for-height or percent ideal body weight, was
shown to be associated with outcomes in children older than
two years with cystic fibrosis.® Additionally, international
cut-offs for BMI to define “thinness” in children older than
two years have recently been developed based on adult cut-
offs, but still need to be validated.®'

The appropriate age at which to start using BMI is unclear.
Whether for thinness or overweight, there has been little
usage to date of BMI during infancy. The CDC added BMI-
for-age growth charts starting at age two years, whereas the
WHO Child Growth Standards include BMI-for-age charts
starting at birth.
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National BMI-for-age growth charts starting from birth have
been used for one to two decades in the United Kingdom and
a number of European countries;**?% however, there are no
reports evaluating its association with outcomes in this age

group.

Until more evidence is available, there are several concerns
that suggest against the use of BMI for children under two
years-of-age:

1. Dramatic changes in body composition. Median BMI
increases sharply as an infant rapidly gains weight
relative to length in the first 6 months of life. BMI rises
from approximately 13.5 kg/m? at birth to a peak of
17.5 kg/m? at six months, before declining in later infancy
and remaining relatively stable from age two to five
years (median of 15.2 kg/m?). Slight differences in the
timing of the rise in BMI and subsequent fall can lead to
marked centile crossing; therefore, BMI may be difficult
to interpret in infancy, and infants on the outer or extreme
centiles would need to be viewed conservatively.

Challenges in accurate measurement of length in infants.
Despite use of standardized techniques and equipment,®+63
infants resist full extension of their legs and rarely lie still
during the measuring process. Because length/height
is squared, and appears in the denominator of the BMI
equation, inaccurate lengths can result in significant errors
in BMI.

. Responding to overnutrition identified by BMI. Should
an infant or young toddler be identified as overweight
or obese by BMI, current recommendations would
not support dietary restriction because of the potential
negative impact on linear and brain growth.

At this time, there is a lack of convincing evidence that BMI-
for-age is better than weight-for-age or weight-for-length
at assessing adequacy of feeding and over and underweight
for infants and toddlers under two years-of-age. There is
insufficient evidence to support its use before six months
of life, and reason to be cautious about its use to screen for
underweight or overweight/obesity before 24 months of
age. BMI-for-age becomes more useful once children enter
age periods when overweight begins to be a risk factor.
In circumstances where underweight or overweight is of
concern in individual infants or toddlers below the age of
two years, BMI could be used cautiously as a supplemental
component of nutritional and growth assessment, provided
length is measured accurately.

c) Weight-for-age

The WHO chose to stop weight-for-age charts at age ten
years on the basis that it does not distinguish between height
and body mass in an age period where many children are
experiencing their pubertal growth spurt. Pubertal children
may appear as having excess weight by weight-for-age when
in fact they are just tall. At the other extreme, overweight
children that are short or stunted would appear to be normal
when weight-for-age is used to screen for overnutrition. The
WHO recommends that weight continue to be measured for
children beyond ten years-of-age, but solely for the purpose
of calculating, plotting and monitoring BMI-for-age.>!

d) Cut-off points and Terminology

Cut-off points for anthropometric measurements are intended
to provide guidance for the need for further assessment,
referral, or intervention; they should not be used as diagnostic
criteria. Longitudinal patterns of growth should always be
considered when applying cut-offs. Ideally, cut-off points
for identifying individuals at risk should be linked to short,
intermediate and/or long-term health outcomes, such as
evidence of increased risk of morbidity, impaired function,
or mortality.*’ In reality, paediatric anthropometric cut-off
points have been chosen primarily on the basis of statistical
criteria. This is because assessing the relationship between
cut-off points and health outcomes is more challenging in
the paediatric population than for adults. More long-term
longitudinal studies are needed.

Undernutrition

The third percentile is recommended by the WHO as the lower
cut-off for identifying children in developed countries who
are underweight, stunted, or wasted (Table 4) and referring
them for further assessment and intervention. These cut-offs
are consistent with those from the CDC, with the exception
of BMI-for-age, for which the CDC recommends a cut-off of
the 5 percentile. This cut-off for underweight was based on
a recommendation from the WHO?, prior to the release of
the new WHO Child Growth Standards.

Preliminary scientific research and clinical experience
regarding the use of BMI in underweight, and the choice
of percentile as the cut-off suggest that BMI-for-age may
be the preferred method for identifying wasting. However,
until further evidence on BMI and undernutrition indicates
otherwise, the alternative practice may continue of using
either weight-for-length/stature < 3rd centile, or weight <
89% of ideal body weight (IBW)% as a surrogate measure
of wasting. These parameters would particularly apply
under the age of two years, with an awareness of their
limitations.®7:68:6
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Table 4: Recommended cut-offs by the WHO for screening for

undernutrition and over nutrition

The BMI-for-age cut-offs recommended by the
new WHO charts for overweight and obesity differ
slightly from the CDC, and are not the same in
preschool children and older children (Table 4).
For older children (5-19 years), the cut-off for
overweight is the 85™ centile, which at 19 years

coincides with the adult cut-off for overweight of
BMI >25 kg/m?. The cut-off for obesity for older

children is the 97t centile, which coincides with
the adult cut-off for obesity of BMI >30 kg/m?. 5!
The 99.9% centile is considered severe obesity,
and coincides with an adult cut-off of BMI > 35

kg/m?. These centile cut-offs also correspond to z-
score values at +1, +2, and +3 standard deviations,

respectively.

For the WHO Child Growth Standards for birth to
five years, the WHO took a more cautious approach

in their recommended cut-offs because children are
growing and, to date there are no data on the functional
significance of the cut-offs for the upper end of the

distribution. An additional reason for the WHO’s
caution was to avoid the risk of health professionals

WHO CHILD GROWTH

PARAMETERS STANDARDS WHO REFERENCE 2007
Age Birth to 5 years 5-19 years
Underweight < 3 centile < 3 centile
weight-for-age
Stunted < 3" centile < 3" centile
length-for-age/
height-for-age
Wasted < 3" centile < 3" centile
weight-for-length/
BMlI-for-age*
Risk of overweight > 85! centile not applicable
weight-for-length/
BMI-for-age*
Overweight > 97! centile > 85! centile
weight-for-length/
BMI-for-age*
Obese > 99.9t" centile > 97t centile
weight-for-length/
BMI-for-age*
Severe Obesity not applicable > 99.9'" centile
BMI-for-age

or parents putting young children on diets. As a
result, the WHO felt more comfortable identifying

* weight-for-length from birth-2 years; BMI-for-age = 2 years

Overnutrition

The most recent Canadian and CDC recommendations for
cut-off points and terminology for using BMI to classify
abnormally high body-weights in children >2 years old>7
are:

Overweight: 85™ centile < BMI-for-age < 95% centile

Obesity: BMI-for-age > 95 centile

Using two cut-off points for BMI-for-age captures varying
levels of high weight and minimizes over and under-diagnosis
of body fatness. Body fat levels below the lower cut-off are
likely to pose little risk. Above the higher cut-off, body fat
levels are likely to be high. BMI-for-age values between the
two cut-offs indicate variable health risks depending on body
composition, BMI trajectory, family history, and other factors.
The term obesity denotes excess body fat more accurately
and reflects the associated serious health risks more clearly
than does the term overweight, which is not recognized as a
clinical term for high adiposity.”” Overweight, or BMI-for-
age values between the two cut-offs, includes children with
excess body fat as well as children with high lean-body-
mass and minimal health risks.” This terminology provides
continuity with adult definitions.

young children above the 85th centile as at risk of
overweight, a term the CDC recently abandoned
due to its vagueness and confusion for patients and
health professionals.” The WHO consider younger
children above the 97™ centile to be overweight, and
children above the 99.9th percentile to be obese.

e) Prevalence of undernutrition and overnutrition

Important differences between the WHO and CDC charts
exist, and vary by age, growth indicator, and specific centile
or z-score curve.® The biggest differences occur during the
first 24 months, likely due to differences in study design and
sample characteristics, such as type of feeding. Overall, the
WHO charts reflect a lighter, and somewhat taller sample
than the CDC charts.*7' When both are applied to the same
population, the WHO Child Growth Standards will result
in lower rates of underweight, wasting or thinness (except
during the first six months of life), and higher rates of
stunting, overweight and obesity. Prevalence rates appear
more comparable when the 5% and 95™ percentiles on the
CDC charts are compared with the 2.3 centile (-2 z-score)
and 97.7% centile (+2 z-score) on the WHO charts rather than
the 5 and 95™ percentiles.”
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Underweight

Generally, weight for-age percentiles are lower on the WHO
curves compared to the CDC curves, except between the
ages of one and six months where they are lower on the CDC
curves. In the first 6 months, a slightly higher proportion of
infants are below the 3" centile using the WHO curves versus
the CDC curves while the opposite is true after six months.
The fact that more infants between birth and six months will
be screened as being underweight using the WHO standards is
likely reflective of the faster rate of weight gain by breastfed
babies compared with formula-fed babies in the first few
months of life and the resulting shift upwards in the WHO
weight-for-age centiles during this time period.*> Thereafter,
the slower pattern of weight-gain on the WHO charts reflects
a healthier rate of growth for breastfed infants. As they move
towards using the WHO Child Growth Standards, health
professionals will need training to understand that more
infants are likely to be screened as underweight using the
WHO Child Growth Standards, and that it is important to
consider the pattern of weight and linear growth and weight
relative to height before suggesting there is a problem with
lactation.

Stunting

Length/height-for-age is very similar on both sets of charts.
Because the growth of children in the WHO Growth Study
was optimal, on average, children in the WHO Child Growth
Standards are somewhat taller than those in the CDC
reference. As a result, the WHO curves are shifted upwards
relative to the CDC charts and for all age groups, stunting
rates (i.e., height-for-age <- 3™ percentile) will be higher
when based on the WHO Child Growth Standards.

Wasting

Using weight-for-length, weight-for-height, or BMI-for-age,
the proportion of children classified as overweight or obese
will be greater using the WHO Child Growth Standards and
the prevalence of wasting will be lower.

APPLICABILITY OF THE WHO CHILD GROWTH
STANDARDS TO CANADIAN INFANTS AND CHILDREN

i) National Birth-weights

The mean birth-weight (genders combined) in the WHO
Growth Study was 3.3 = 0.5 kg, ranging from 3.1 kg in
India to 3.6 kg in the United States and Norway. In a 2001
paper reporting national birth-weights of Canadian male and
female singleton births between 1994 and 1996, the mean
birth-weight for full-term infants (40 week) was 3.56 kg.”?

ii) Canadian Regional Databases

The Collaborative Statement Advisory Group retrospectively
applied the WHO Child Growth Standards and CDC references
to a large sample of Canadian children ranging in age from
birth to five years.” The sample was derived by merging four
regional databases containing length or height and weight
measurements of children from three different geographical
regions in Canada (94,936 data points). None of the data sets
contained information on whether the individual child had
been breastfed or bottle-fed. Percentiles and z-scores for each
complete set of weight and length/height measurements were
electronically generated using the respective CDC (NutStat,
Epilnfo)”* and WHO (WHO Anthro)’” anthropometric
computer programs.

Applying Canadian data, the following observations were
made when applied to the WHO Child Growth Standards and
compared to the CDC references:

= Underweight: More Canadian infants between birth to six
months of age were classified as under-weight (weight-
for-age <3 centile). After six months, the reverse was

true.

Stunting: At all ages, more Canadian infants were
classified as stunted (length/height-for-age <3t centile).

Wasting: More Canadian infants between birth and two
months of age were classified as wasted (weight-for-
length <3t centile). From four months of age onwards,
the opposite was true. Using BMI-for-age <3 centile
between the ages of two and five years, fewer Canadian
children were classified as wasted.

Overweight: Differences in the classification of overweight
using weight-for-length/height were small and varied by
age. Using BMI-for-age between the ages of two and five
years, more children were classified as overweight until
four years old.

Obesity: At all ages, more children were classified as
obese using weight-for-length/height. Using BMI-for-age
between the ages of two and five years, more children
were classified as obese.
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These observations are similar to those reported when
comparing datasets from the WHO Child Growth Standards
and the 2000 CDC growth references®* and the WHO Child
Growth Standards and available data from 2 population-based
studies in the United Kingdom’7°.

iii. Cross-sectional regional study of Canadian infants

Differences in the rates of undernutrition and overnutrition
were quantified when the WHO Child Growth Standards
and 2000 CDC references were applied to a sample of 547
children younger than two years hospitalized in a paediatric
tertiary care centre in Toronto, Ontario.”” The WHO Child
Growth Standards identified more infants and toddlers
as overweight/obese (weight-for-length >85™ percentile)
compared with the CDC reference (21% vs. 16.6%) and
fewer infants and toddlers as wasted (weight-for-length <5t
percentile; 18.6% vs. 23%). WHO BMI-for-age and weight-
for-length centiles were strongly correlated but were not
interchangeable, especially for children younger than six
months. The proportion of all infants and toddlers considered
stunted (length-for-age <3 centile) was greater using the
WHO Child Growth Standard (23.4%) compared to the CDC
charts (17.7%).

iv. Longitudinal regional study of Canadian infants

van Dijk and Innis” compared the pattern of infant growth of
73 healthy babies in Vancouver, BC, followed longitudinally
from birth to 18 months using the 2000 CDC growth
references and 2006 WHO Child Growth Standards. Their
results paralleled the findings of de Onis et al* that infants
and young children in the US are heavier and somewhat
shorter than those in the WHO Growth Study, and showed
that infants fed according to Canadian recommendations for
exclusive breastfeeding to six months and introduction of
complementary foods at that time grew following the WHO
weight-for-age growth standard.

v. Expert Review

An external five-person expert review panel, selected
by the Public Health Agency of Canada, examined the
methodological soundness of the WHO’s process to create
the 2006 Growth Standards and WHO Growth Reference
2007 in order to guide decision-making around adoption of
these charts for growth assessment of Canadian children at
the individual level. There was general consensus amongst
the experts that the methodology behind the Child Growth
Standards was sound, and that the charts be adopted for use
in Canada. Recognizing limitations of the Growth Reference
2007, the experts felt the methods used to generate these
charts were acceptable, and felt comfortable recommending
that these were the best growth charts available for older
children and adolescents.

CAN THE WHO GROWTH CHARTS BE USED FOR
SPECIAL POPULATIONS?

Growth in low birth-weight (<2,500 g) and very low birth-
weight (VLBW: < 1,500 g) preterm infants differs from term
infants born at an appropriate weight, such that they appear
not to catch up during early childhood.” The WHO growth
charts lack data on preterm infants because they excluded
infants born before 37 weeks gestation. Data on low birth-
weight but not very low birth-weight infants were included.
Alternate charts are available to assess the growth of preterm
and low birth-weight infants in the neonatal intensive care unit
or early post-discharge setting,”* including the current and
widely used growth chart for preterm babies from Fenton?!#?
and the Infant Health and Development Program (IDHP)
charts®. After that time, growth of preterm infants should
be monitored using the WHO Child Growth Standards and
postnatal age corrected for prematurity (i.e. postnatal age
in weeks — [40 weeks — gestational age at birth in weeks])
before plotting for at least 24 or 36 months.?* Failing to
correct for preterm can lead to inappropriate referrals for
failure-to-thrive (FTT).

Children with intellectual, developmental, genetic or other
disorders often have growth patterns that are different from
references. Specific growth curves have been created for
some of these disorders;®>88788 however, they have been
developed from very small samples and relatively old data
that predate improved nutritional care. As a result, disorder-
specific charts may not be accurate, may not reflect newer
treatment protocols and may conceal an existing nutrition or
growth problem. With consideration of the limitations of each
chart, the specialized charts may provide additional useful
information in the overall growth assessment, but they should
only be used in conjunction with the WHO Child Growth
Standards or WHO Reference 2007 charts. Alternative
anthropometric measurements (e.g. sitting height, segment
lengths such as upper arm or lower leg, skin-folds) may be
required when muscular contractures, spasms, or scoliosis
challenge the ability to obtain accurate measurement of
weight or length/height in children with neuromuscular
disabilities.®

Considerations in Interpreting Growth Charts

There are several key points to remember when interpreting
patterns of growth on a growth chart:

= Measurements taken one time only describe a child’s size.
Serial measurements are needed to provide information
on a child’s growth.

m  Assessing growth involves looking at the overall trajectory
of weight-for-age, length/height-for-age, and weight-for-
length (under two years) or BMI-for-age to determine
whether a child is tracking along the growth curves or is
crossing centiles downwards or upwards.
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In general, the centile positions of various anthropometric
measures (i.e. length/height, weight, head circumference)
will be similar in a normal child, with a gross difference
in one indicating a potential problem.

The more deviant an individual’s anthropometric measure
is, the more likely it is that a problem exists.”

Despite many parents’ perception, the 50% percentile is
not the goal for each child.

The direction of serial measurements on the curve is more
important than the actual percentile.

When a child’s growth deviates from a given centile curve,
an abnormality in growth may be suspected; however, some
shifts in growth are normal.’! In most children, height and
weight measurements follow consistently along a ‘channel’
(i.e. on or between the same centile(s)). Normal children
often shift one to two major centiles (i.e. 51,10, 25t 50th,
75t 90t 951) for both length and weight, especially in the
first six months of life, with the majority settling into a
channel towards the 50th centile (i.e. regression toward
the mean) rather than away.”?

With the exception of the first two years of life when
channel ‘surfing’ may be normal, and during puberty
when the age at onset is variable, a sharp incline or
decline in growth, or a growth-line that remains flat, are
suggestive of a problem. Serial measurements showing
unexpected movement downwards on the curves from
a previously established rate of growth could be a sign
of failure-to-thrive or growth failure.?373%9 Likewise,
unexpected movement upwards on the curves may be a
sign of development of overweight or obesity. Whether
or not these situations actually represent a risk depend
on where the change in growth pattern began and which
direction the change is headed.” A shift toward the 50t
centile is possibly a good change, whereas a shift away
from the 50t centile likely signals a problem.**

Historically, serial measurements showing unexpected
crossing of two or more major centiles downwards or
upwards from a previously established rate of growth
have been considered reflective of failure-to-thrive, >3 or
rapid growth, respectively. These criteria no longer apply
to the WHO growth charts. While the WHO and CDC
charts both have 7 major centiles, measurements on the
inner curves of the WHO charts (3, 15th, 50th, 85th g7th)
are farther apart than on the middle curves in the CDC
charts (10, 25t 50t 75t 90th), Waiting for a child to
cross two major centiles on the WHO charts would result
in a child experiencing a greater loss or gain of weight or
length/height before being identified as a problem, than
when the CDC charts were used.

Breastfed infants born with low birth-weight will be
expected to track along the lower centiles of the WHO
Standards because exclusive breastfeeding does not
change the fact that the infants were small for their age
in the first place. By looking at a single point, an infant
in this category would be considered low weight-for-age;
however, before deciding that exclusive breastfeeding is
inadequate for any infant, health professionals should
consider the baby’s birth-weight, growth trajectory, any
problems with lactation, or acute or chronic illness that
might explain apparent growth failure.’*

Formula-fed infants grow differently than breastfed infants
during the first year of life.** In particular, formula-fed
infants tend to be lighter in the first three to four months
of life and become heavier after four to six months. These
differences should be anticipated when assessing growth
of a formula-fed infant in order to avoid unnecessary
investigations or counselling to increase or limit formula
or food intake.

BMI-for-age is an effective screening tool for identifying
children who have an unhealthy amount of body fat;
however, it is not a diagnostic tool. It should be used as
guidance for further assessment, referral, or intervention,
rather than as diagnostic criterion for classifying children.
BMI-for-age charts are less affected by differences in the
timing of puberty than simple height and weight charts,
but care must be taken not to confuse heavy musculature
with obesity in a minority of children.”> A decision about
whether a child with a given BMI is truly over-“fat” or
simply over-“weight” requires additional information
such as their state of pubertal maturation, comorbidities,
family history and ethnic background, level of physical
activity, somatotype and frame size, and use of good
clinical judgment.”**® As with other anthropometric
measures, serial measurements of BMI are more revealing
and the pattern of BMI-for-age on the growth chart is
more informative than the actual BMI number.

Children who are crossing BMI percentiles in an upwards
direction may be at risk for becoming overweight or
obese.”” Unlike adults, age-related increases in BMI
during growth are associated with increases in both
fat mass and fat-free mass.”” The extent to which each
component contributes to the change in BMI depends on
the age, sex and pubertal maturation of the child.”®

Ethnic differences in paediatric BMI have not been
thoroughly investigated. An initial study demonstrated
that white subjects had higher body fatness for a given
BMI than black subjects.” Internationally, universal use
of BMI cut-off points for adults has been debated, because
health-related risks for obesity are observed at different
levels of BMI for different populations.'® Variations in
body fat distribution (intra-abdominal versus visceral) or
the degree of muscularity may explain these differences.
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SUMMARY/CONCLUSIONS

The objective of growth monitoring is timely identification
of disturbances in normal weight gain and linear growth in
order to instigate corrective interventions and achieve full
growth potential. Growth monitoring also provides health
professionals with an opportunity to discuss breastfeeding for
infants and toddlers, and healthy eating and active living with
children and/or their parents/caregivers. These discussions
can promote positive changes when required and influence
health outcomes. When a growth problem occurs, counselling
on growth and feeding should be sensitive and positive,
avoiding judgment or instilling feelings of guilt. A focus
on health rather than on numbers or physical appearance is
encouraged.’*!°! Optimal growth monitoring requires accurate
anthropometric measurements using appropriate equipment
and techniques and accurate plotting on a consistent growth
chart appropriate for age and gender. Differences in growth
between populations are affected primarily by environmental
factors; the role of ethnic factors is smaller than previously
thought. Therefore, use of a single international growth
chart for Canadian children is appropriate. While local
growth charts are unnecessary, this does not argue against
the collection and use of local anthropometric survey data
to facilitate monitoring of the overall nutritional and health
status of Canadian infants and children and identification of
trends within this population.®®

Growth charts from the WHO Child Growth Standards (birth
to five years)’' and WHO Reference 2007 (5 to 19 years)*
are now recommended for monitoring growth and BMI in
Canadian children in the community, clinical, and research
settings, for the following reasons:

WHO Child Growth Standards

The standards were developed based on the growth
of infants and children raised according to feeding
recommendations that approach the most current
Canadian and international nutrition recommendations,
which include exclusive breastfeeding until six months
of age, with the introduction to nutrient rich solid foods
at six months with continued breastfeeding for up to two
years and beyond.

The ideal or optimal growth depicted in the WHO Child
Growth Standards should serve as a goal or prescription
for all healthy children to achieve.

The international, multicultural nature of the WHO Child
Growth Standards is universally appealing compared to
growth charts based on the growth pattern of only one
nation. One international standard for assessing the
growth of all children exemplifies the compelling message
that when nutrition, health, and key environmental needs
are met, children of different cultures have similar growth
potential.?

= Data points for unhealthy weights were excluded from the

datasets of the WHO Child Growth Standards to avoid the
influence of obesity.

WHO Reference 2007

Data points for unhealthy weights were excluded to avoid
the influence of obesity

Improvements made in constructing the WHO Reference
2007 charts for age five up to age 19 years, particularly
adjustments (smoothing) of the charts using results of the
2006 WHO Child Growth Standards, bring them closer to
a prescriptive standard than a descriptive reference.

There is an almost perfect match of the curves of the
WHO Reference 2007 charts at five years-of-age with the
curves of the WHO Child Growth Standards, supporting
seamless transition of a five-year-old from one growth
chart to the other. The WHO Reference 2007 charts also
match almost perfectly at 19 years-of-age with the adult
BMI cut-offs for overweight (BMI=25 kg/m?) and obesity
(BMI=30 kg/m?).

Use of the WHO growth charts will provide all who aim to
improve the health of children with a powerful advocacy
tool. With these standards, parents, dietitians, public health/
community nutritionists, nurses, midwives, physicians, and
advocates will have a yardstick for what represents healthy
growth and development associated with good nutrition and
health practices.

DIETITIANS OF CANADA AND
CANADIAN PAEDIATRIC SOCIETY

15

© 2010. All rights reserved.



COLLABORATIVE STATEMENT: USING THE NEW WHO GROWTH CHARTS

RECOMMENDATIONS

1.

The growth of all full term infants, both breastfed and
non breastfed, and preschoolers should be evaluated
using growth charts from the World Health Organization
Child Growth Standards (birth to five years). Growth
of all school-aged children and adolescents should be
evaluated using growth charts from the World Health
Organization Growth Reference 2007 (5 to 19 years).
These are recommended as the charts of choice for use
by Canadian family physicians, paediatricians, dietitians,
public health/community nutritionists, nurses, and other
health professionals in the primary care, community, and
hospital settings.

Growth monitoring should be a routine part of health
care for all Canadian infants, children and adolescents.
Serial measurements of recumbent length (birth to two
to three years) or standing height (> 2 years), weight,
and head circumference (birth to two years) should be
part of scheduled well-baby and well-child or well-
adolescent health visits. Measurements should also be
performed at unwell visits for those who are not brought
for recommended well-health visits. Health professionals
are encouraged to work together across disciplines and
sectors in performing growth monitoring and promotion
of optimal growth to ensure Canada’s most vulnerable
populations do not fall through the cracks.

To yield accurate measurements, weights and measures
should be obtained using calibrated, well-maintained
quality equipment and standardized measurement
techniques.®*% An individual child’s measurements
should be recorded in their personal chart or growth
record, and then plotted on a consistent growth chart
appropriate for age and gender to identify any disturbances
in length/height or weight gain. Corrected age should be
used at least until 24 to 36 months of age when plotting
anthropometric measurements of premature infants.

The growth of preterm infants once discharged from the
neonatal intensive care unit setting and children with
special health care needs should also be monitored using
the WHO Child Growth Standards and WHO Reference
2007.

BMI-for-age should be used to assess weight relative to
height and to screen for thinness, wasting, overweight,
and obesity for all children two years and older. Weight-
for-length or percent ideal body weight can be used for
children under two years-of-age.

Interpretation of plotted measurements should consider

their centile rank, the relationship of weight, length/
height, and BMI to each other, recommended cut-off
values, parental heights (for stature measurements), and
the trend relative to previous centile ranks to identify
major shifts in growth patterns.

7. Table 5 outlines the cut-offs recommended as guidance
for further assessment, referral, or intervention but not as
diagnostic criteria for classifying children:

Table 5: Cut-off points
Birth to 2 years

GROWTH STATUS INDICATOR PERCENTILE
Underweight <3
Severe underweight Weight-for-age <0.1st
Stunting <3
Severe stunting Length-for-age <0.1st
Wasting < 3rd
Severe wasting <0.1st
Risk of overweight | weight-for-length >g5th
Overweight >g7th
Obesity >99.9th

2 to 19 years

GROWTH STATUS INDICATOR PERCENTILE
2-5 YEARS | 5-19 YEARS
Underweight <3 < 3rd”
Severe Weight-for- . "
<0.1% <0.1%
underweight age
Stunting < 3rd < 3rd
- Height-for-age
Severe stunting <0.1st <0.1st
Wasting < 3rd < 3rd
Severe wasting <0.1st <0.1st
Risk of overweight >g5th not
applicable
BMI-for-age
Overweight g >g7th >g5th
Obesity >99.9th >97th
Severe obesity not > 99.9th
applicable

* weight-for-age not recommended after age 10 years;
use BMI-for-age instead

8. Health professionals are encouraged to take the time
to teach children and their parents/caregivers how to
interpret their individual pattern of growth on the growth
chart and to involve them in decision-making about any
potential actions they can take to correct abnormalities in
the rate of weight gain and/or linear growth.
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9. To ensure knowledge translation and uptake by key
organizations, training on the use and interpretation of the
2006 WHO Child Growth Standards and WHO Reference
2007 charts should be provided to all health professionals
involved in measuring and assessing the growth of Canadian
children. This includes an understanding of the differences a
practitioner can expect to see when using the WHO vs CDC
growth charts, and how to explain them to parents/caregivers.

10. While the recommendations in this collaborative statement
pertain specifically to adoption of the WHO Child Growth
Standards and Reference 2007 for individual children,
it is suggested that these Standards and Reference
charts should also be considered for the purposes of
population health surveillance, so that children classified
as underweight, overweight or obese at the individual
level are captured in a consistent manner in population
surveys. This data can then be used as evidence to inform
community mobilization and social action to address
underweight and overweight/obesity and for purposes of
programme planning, implementation and evaluation.?

11. Development of a Canadian Paediatric Nutrition
Surveillance System for organized and ongoing collection
of anthropometric measurementsisrecommendedtofollow
the growth and nutritional status of Canadian children and
describe trends in key indicators of their nutritional status.
Data could be used for program planning, targeting,
development, and evaluation of health and nutrition
interventions such as breastfeeding promotion programs,
as well as monitoring progress toward health objectives
for Canada. Collaboration with key stakeholders in the
community health/population health sector is needed.

12. Research is required in the following areas:

a) validation of using BMI-for-age to assess nutritional
status in the first two years of life, looking for associations
between BMI and subsequent health outcomes

b) validation of using BMI-for-age to assess
underweight in children of all ages

c¢) evaluation in all age groups of the predictive power of
proposed BMI cut-offs for overweight and obesity with
respect to adverse short and long-term health outcomes.

IMPLICATIONS

The new WHO Child Growth Standards and WHO Reference
2007 provide an excellent opportunity for heightening health
professionals’ awareness about the importance of routine
and accurate growth monitoring, and appropriate use and
interpretation of growth charts. The process of replacing
existing growth charts and providing training to dietitians,
public health/community nutritionists, nurses, physicians
and others in the use and interpretation of new charts is a
good opportunity to revisit growth monitoring practices
as-a-whole, and to disseminate knowledge about effective
interventions to prevent or treat either excessive or inadequate
growth at the individual level.>*

A change to these new charts has a number of implications
for health professionals, including:

1. the need for easily accessible training for busy practitioners on:

a) performing accurate and reliable anthropometric
measurements using precise equipment

b) different features of the WHO charts compared to the
CDC charts

¢) use and interpretation of the new WHO growth charts
including differences between growth on these charts
and the CDC charts, as well as the significance of the
new WHO cut-off points

d) effective nutrition-negotiation skills with parents and
caregivers to effect positive changes in nutrition and
health.

Examples of relevant training programs are the WHO
training course and tools** and independent training
modules on measuring growth on the CDC web site.0465102
The WHO Training Course on Child Growth Assessment*
is a comprehensive set of resources for training health
professionals to apply the WHO Child Growth Standards.
Resources are supportive of breastfeeding and sensitive in
their approach to questioning and counselling of parents/
caregivers. They provide clear and specific guidelines on
what questions should be asked of parents/caregivers and
what advice should be given in response to their specific
replies. While a benefit of the WHO training resources is
their multicultural focus, some aspects of the training course
and tools are more appropriate for use in developing rather
than developed countries so some adaptation to the Canadian
setting would be required. Suitable alternatives are the training
modules from the United States Department of Health and
Human Services, Maternal and Child Health Bureau and the
CDC on the techniques for accurate weighing and measuring
of infants and children.o+0102

For efficiency, and to ensure consistent practice, we encourage:

2. leadership at the national and/or provincial/territorial
levels to create multimedia training tools and resources
for use by individuals and organizations across Canada

3. ensuring accessibility to resources, including portable,
accurate measuring equipment

4. a call for collective advocacy for a Canadian Paediatric
Nutrition Surveillance System to monitor breastfeeding
rates and growth and nutritional status of our children.
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