
Key Messages

•  Normal child growth is assessed differently in populations 
versus individuals.

•  Normal growth for populations has been defined by the 
WHO as height <−2 z-scores and weight for length/
height within ±2 z-scores. As 2.3% of healthy children 
will measure below and above the WHO definition of 
healthy growth, using the population criteria for normal 
growth for individuals will therefore misclassify some 
children.

•  Growth patterns of individuals reflect their genetic  
potential as well as environmental influences. It is chal-
lenging to decide for an individual whether their growth 
pattern is appropriate for their genetic potential or 
whether it is unduly influenced by environmental factors 
or disease.
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Abstract
Background: Growth assessments are a pillar of public health 

surveillance, individual health screening, and clinical care. 

Normal growth is defined differently for individuals versus popu-

lations. The World Health Organization (WHO) growth standards 

were developed to describe the pattern of growth in healthy 

children without socioeconomic limitations whose mothers 

planned to breastfeed. The growth standards’ cut-off points of 

±2 standard deviations (z-scores) were defined for population 

assessments, based on attained size, to describe stunting and 

wasting at the lower end and overweight at the higher end. In a 

healthy population, one would expect 2.3% of the population to 

be above and below these cut-points. Higher child mortality 

rates associated with higher rates of stunting and wasting noted 

in observational studies validated these WHO cut-offs. There are 

knowledge gaps influencing the accuracy and effectiveness of 

growth assessments in individual children, posing challenges for 

health care providers. Summary: The principles of assessing 

normal growth in children and preterm infants are reviewed, 

along with pitfalls to be avoided. Growth is determined by genet-

ics and modified by the interplay with nutritional, environmental, 

D
ow

nloaded from
 http://karger.com

/anm
/article-pdf/doi/10.1159/000541226/4305472/000541226.pdf by guest on 28 N

ovem
ber 2024

mailto:Karger@karger.com
http://www.karger.com/anm


Fenton/Gilbert/Elmrayed/Fenton/BoctorAnn Nutr Metab 2024;0(0):1–112
DOI: 10.1159/000541226

pattern which is the result of the interactions between ge-

netic, nutritional, environmental, and intergenerational social 

and economic factors. This makes identifying normal versus 

abnormal growth for individuals challenging. The best growth 

assessments focus on growth patterns rather than on attained 

size and consider a child’s genetic potential and growth his-

tory [1]. Communicating with sensitivity and clarity is required 

when relaying the interpretation of growth charts to parents.

This chapter focuses on growth of infants and preschool 

children. The accuracy of any child’s growth assessments is 

dependent first on accurate measurements and then on ac-

curate interpretations. Other sources provide guidance on 

obtaining accurate measurements [2]. This paper describes 

the interpretation of the growth of infants and young children, 

whether they are individuals or population data, whether they 

were born at term or prematurely. Growth of hospitalized pre-

term infants [3] and hospitalized infants and children [4] are 

outside the scope of this chapter and covered elsewhere.

Growth Standards

In the fields of engineering, science, and other areas of med-

icine, the word “standard” refers to a specific designation that 

is assigned to a tool or device that has met certain criteria es-

tablished by an independent organization [5, 6]. For growth 

assessments, the World Health Organization (WHO) uses the 

word “standard” when growth data have been based on se-

lected healthy well-nourished individuals [7, 8]. This word 

“standard” implies that a value judgment has been made that 

the growth data are a “norm or a desirable target” [8] for how 

children should grow and that deviations from this represent 

abnormal growth. In contrast, the term “growth reference” is 

used when the growth data used to develop the growth chart 

did not have a specific criterion about healthfulness.

To develop the WHO Growth Standard, the WHO conduct-

ed the Multicenter Growth Reference Study [7] to describe 

population growth in an attempt to describe the “ideal” distri-

bution of size in a population. Communities where econom-

ics [9] were not likely to limit child growth were selected from 

socioeconomic, and possibly intergenerational factors. This 

complexity is reflected at both the population and individual 

level. However, normal growth in an individual has unique-

specific factors so requires a comprehensive assessment. 

Normal growth for an individual child could be defined as the 

progression of changes in anthropometric measurements to 

achieve the individual’s genetic potential. A misdiagnosis of 

growth faltering can occur if infants and children are asses with 

one-time rather than serial measures, and if age is not corrected 

for prematurity. Health care provider sensitivity and cognizance 

when communicating about a child’s size is important for paren-

tal reassurance and avoiding stigma and unnecessary pressures 

or restrictions around feeding.

© 2024 S. Karger AG, Basel

Introduction

Growth assessments are a pillar of health screening, public 

health surveillance, and clinical care. The concept of normal 

growth is different for individuals versus populations. The 

phrase “normal growth” may make intuitive sense, but con-

cerns can arise when applying the population statistic cut-

points to the growth of individuals. Every individual has a 

growth potential determined by genetics, and a growth 

Plain Language Summary
Children grow in a variety of patterns and have a variety of 

heights and weights. A child’s height is influenced by the fam-

ily genetics as well as well as the amount and type of foods 

they eat, illnesses and by how much they move around. Health 

care providers must consider all the factors that can affect 

child growth in order to determine if the pattern over time is 

normal for the child. As there are many things that affect child 

growth, it may not always be straightforward to decide wheth-

er an individual child has a growth problem. Normal growth is 

defined differently for individuals versus populations. Some 

healthy children (2.3%) will measure below and above the 

WHO definition of healthy growth, but their sizes are appro-

priate for those children. This paper discusses how to define 

normal growth and what is considered short stature, a low 

weight for height, and overweight for a population and how 

to avoid misclassifying children as underweight, short, or 

overweight. Labelling a child by these categories can create 

stigma and lead to unnecessary diet changes. It is important 

for health care providers to communicate the principles of 

growth clearly and help prevent unnecessary worry for par-

ents and stigmatization for children.

© 2024 S. Karger AG, Basel

The concept of normal 
growth is different for  

individuals versus  
populations
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6 countries and healthy children from nonsmoking mothers 

were included [7]. The 2006 WHO growth standard charts are 

often referred to as “breastfed charts” although the charts do 

not represent exclusively breastfed infants. The inclusion cri-

teria was that prenatally the mothers were required to be 

planning to breastfeed and planning to introduce solid foods 

between 4 and 6 months as per the WHO complimentary 

feeding guidelines at the time. [10]. The actual prevalence of 

any breastfeeding was 75% at 4 months [10].

The WHO observed that across the six sites the propor-

tions of length and height variability was greater between in-

dividuals than between the sites so the data were pooled to 

construct a single international standard from birth to 5 years 

of age [11]. The WHO concluded that the variation in growth 

in the WHO 2006 growth standard as represented by the bell-

shaped distribution (shown in Fig. 2; Table 1) likely represents 

genetic variation alone [11].

For children aged 5 years and older, the WHO also created 

growth charts for children and adolescents as a growth refer-

ence and not a growth standard [15]. After assessing data from 

45 counties, the WHO developed growth reference charts based 

on American data that were collected between 1963 and 1974, 

prior to the onset of the obesity epidemic. These surveys were 

chosen based on several strengths, including: data quality, sam-

ple size, socioeconomic status of the participating children and 

data collected before the rise in obesity rates [15]. “Unhealthy 

weight-for-height” data points were excluded from this dataset. 

The WHO considered that approximately 15% (85th percen-

tile/+1 z-score) of these 5–19 year olds were considered over-

weight and 2–3% were considered obese (Table 1) on the basis 

that at 19 years of age, the body mass index (BMI) curves com-

pare closely with the adult BMI curves and the overweight  

cut-off (>25.0 kg/m2), and the +2 SD value (29.7 kg/m2 for 

both sexes) compares closely with the cut-off for obesity  

(>30.0 kg/m2)” [15]. These cut-points for overweight are more 

inclusive than the cut-points the WHO recommends for children 

under age 5 years >+2 z-score (>98th percentile) [13] (Table 1). 

When the more inclusive cut-off for overweight the WHO rec-

ommended for older children (85th percentile/+1 z-score) was 

used for children under 5 years instead of their recommended 

cut-off (>+2 z-score (98th percentile) the estimated rate of over-

weight is over-estimated [16]. The abrupt change in the over-

weight categories from >98th percentile for under age 5 to >85th 

percentile in over age 5 (Table 1) is not always recognized [16]. It 

is worth noting the WHO’s rationale for the cut-points for over-

weight (BMI >+2 z-score (>98th percentile) and obesity (>+3 z-

score (>99.9th percentile) in children under 5 years (Table 1):

“WHO opted for a cautious approach … because these chil-

dren are still growing and thus far there are few data on the func-

tional significance of the cut-offs for the upper end of the  

BMI-for-age distribution for such an optimally healthy popu-

lation. The WHO standards sample was prescriptive, and  

unhealthy weights for length/height were excluded prior to 

constructing the curves. A further reason to be cautious is to 

avoid the risk of young children being placed on restrictive 

diets.” [17]. One could argue that these points about the need 

for a cautious approach also apply to children older than 5 

years of age, as programs to support children and families for 

treatment of overweight for school-aged children are not 

widely available and evidence is limited regarding the treat-

ment effectiveness [18, 19].

The applicability of the WHO growth standard to children of 

all countries has been questioned. It has been noted that there 

is a lack of data from East Asia in the study population and thus 

the relevance of the growth standards for these populations has 

been questioned [20]. In addition, the distribution of child 

heights in some countries differs from the growth standard 

[21–23]. For example, child height distributions are shifted up-

wards toward taller statures, in the Netherlands [24] and lower 

statures as in Indonesia [23]. In countries where higher propor-

tions of children have shorter heights, perhaps due to determi-

nants of health including poverty and intergenerational factors, 

comparisons to the WHO growth standard could be useful to 

advocate for better child health support and nutrition programs. 

Table 1. World Health Organization (WHO) recommended z-score defined categories as growth indicators for populations versus individuals, 
for children under 5 years versus children and adolescents 5 years and older [12–14]

Length or height Weight for length or BMI Weight for age

short stature wasted overweight obesity underweight

Recommended for populations

 WHO advisory group 2018 [12] <−2 <−2 >2 – Do not recommend weight-for-age cut-offs

Recommended for individuals

  WHO interpreting growth indicators 
2008 for up to age 5 years [13]

<−2 and <−3* <−2 and <−3* >2 >3 Weight status is better assessed from weight- 
for-length/height or BMI-for-age

  WHO defining obesity risk status  
for 5 years and over 2010 [14]

– – >1 >2 Recommend BMI-for-age due to difficulties  
obtaining measures of body fat and lack of  
references to interpret them
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However, on an individual basis, when children are from popu-

lations with different height distributions, the growth chart 

should be interpreted contextually and with serial measures.

The developers of the Intergrowth 21st growth charts de-

scribed their preterm charts as growth standards [12]. Despite 

the sample included only a few very (n = 12) preterm births <33 

weeks [12] and no females <31 weeks gestational age, growth 

charts for both sexes beginning at 27 weeks were developed 

(shown in Fig. 1) [12]. To our knowledge, guideline groups and 

the WHO have not stated that the Intergrowth charts are growth 

standards. The American Academy of Pediatrics advised against 

the use of the Intergrowth 21st project growth charts for infants 

<36 weeks due to their sample size problem [25].

Using Growth as a Measure of Population Health

Comparing the distribution of sizes of one population to the 

standardized distributions of a growth chart at the population 

level may identify potential areas for intervention. Determinants 

of health that could affect the growth patterns within a popu-

lation could include: limited access to healthy foods, poverty, 

famine, and/or conflict.

The WHO and UNICEF jointly established a Technical Expert 

Advisory Group on Nutrition Monitoring to update the method-

ology and definitions using the WHO growth standard (Table 2) 

[14]. Their goal was to set national and international targets for 

stunting (short length/height), wasting (low weight-for-length/

height) and overweight (high weight-for-length/height) to iden-

tify where improvements are needed [14]. In the course of this 

process, they also defined “normal” growth [14]. This definition 

of normal growth designed for population assessments does not 

actually address growth individual assessments since it is based 

on attained size and not changes in size over time.

After setting these above defined population-based defini-

tions and indicators for stunting, wasting and overweight, the 

WHO Advisory Group examined nationally representative sur-

veys of children under 5 years from 134 countries with their 

crude mortality rates [14]. They quantified how many countries 

had excess stunting, wasting, and overweight and observed 

a progressive increase in mortality rates with increasing rates 

of child stunting and wasting rates [14], which effectively val-

idated these definitions for stunting and wasting. Populations 

with malnutrition rates in the 5–10% range had mortality rates 

more than 2.4 times that of populations with rates less than 

5% [14]. These associations with higher mortality demonstrate 

the value of the WHO proposed the cut-points of ±2 z-scores 

for population growth assessments. Increased risks of adverse 

outcomes increase with the extent of growth deficits without 

a sudden jump in risk.

Cut-Points

Normal growth for populations has been defined by the 

WHO as height <−2 z-scores and weight for length/height 

within ±2 z-scores (Fig. 2; Tables 1, 3). In a healthy population, 

one can expect 2.3% of the population to be above and  

below these cut-points [26]. Therefore 2.3% of healthy  

children will likely measure outside of the WHO definition 

of healthy growth and using the population criteria for nor-

mal growth for individuals will misclassify some children. 

The WHO population recommended ±2 z-scores cut-

points [14] are not particularly sensitive or specific for an 

individual at identifying whether there is a problem particu-

larly when one anthropometric measurement is used [27]. 

Before diagnosing growth faltering when there is a down-

ward growth deviation, it is important to quantify the sever-

ity and determine whether it has been due to an acute  

or chronic illness or a shift to grow to at genetic potential 

(in the first months of life or at puberty) or is signaling a 

health concern [27].

Using z-scores is a useful statistical way to quantify indi-

vidual variation from the average value in the population 

(shown in Fig. 2; Tables 1, 3). Measurements higher than the 

mean have positive z-scores, while those below the mean 

have negative z-scores. Figure 2 and Table 3 show how  

z-scores correspond and differ from percentiles across a dis-

tribution. Each z-score corresponds to specific percentiles; 

z-scores have the advantage that the numerical values for 

percentiles become meaningless further away from the 

Fig. 1.  This figure from the Intergrowth-21 Project postnatal growth 
standards for preterm infants [23] shows their sample size of only 12 
preterm births <33 weeks and no females <31 weeks gestational age. 
Reproduced under a Creative Commons Attribution License © Villar 
et al. [12].
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median while z-scores continue to have descriptive value. 

Percentile values outside of −2 to +2 (i.e., <2nd percentile 

and >98th percentile) have similar numerical values that are 

not helpful to describe a child’s size, whereas z-scores are 

descriptive across the whole spectrum of sizes (shown in 

Fig. 2; Tables 2 and 3). When specific z-scores are not cal-

culated and a percentile value is applied, for example: <3rd 

percentile, or <<3rd percentile, the description is limited as 

this could imply a z-score of −2 or −4.0 which are clini-

cally quite different. Specifically, the percentile for 2nd, 3rd, 

and 4th z-scores are the 97.7th, 99.9, and the 99.997 per-

centiles, respectively, the latter percentile values are not 

easy to distinguish between. The same problem occurs for 

low z-scores; the −2, −3, and −4 z-scores are the 2.3, 0.1, 

and 0.003 percentiles, respectively.

Defining Normal Growth for Individuals

Every individual has a genetic growth potential and a growth 

pattern resulting from nutritional intake, metabolism, disease, 

and determinants of health. Clinical growth assessments are 

challenged with how to best interpret growth in the face of ill-

ness or contributing factors (Table 4). As well, there may be 

physiologic insults prenatally, or during growth where catch-

up growth was not possible.

Catch-up growth and accelerated growth have been cal-

culated mathematically when growth exceeds certain thresh-

olds such as crossing certain percentiles or changes of >0.67 

or 1 z-score [34]. There are limitations associated with cate-

gorizing children simply on the basis of these mathematical 

calculations and limited evidence that these classifications are 

defined validly. Genetic growth potential of individuals is not 

known, body composition data are often lacking and preterm 

infants often place lower on growth chart curves at hospital 

discharge before catching up to growth chart curves [35]. 

Table 2. The Technical Expert Advisory Group on Nutrition Monitoring 
recommendations on definitions and risk categories [12]

The WHO-UNICEF Technical Expert Advisory Group on Nutrition Monitoring 
consensus definition of “normality” for population assessments as length/
height-for-age and weight-for-length/height within ±2 z-scores of the 
WHO growth standards medians (2.3rd and 97.7th percentiles) to define 
stunting (short length/height), wasting (low weight-for-length/height) and 
overweight (high weight-for-length/height) [12]. In a healthy population, 
one would expect 2.3% of the population to be above and below these cut-
points. This definition of normal growth, designed for population assess-
ments, does not actually address growth assessments but uses attained size

Fig. 2.  A bell curve distribution with placement of frequently used z-scores and percentiles. Some healthy children (2.3%) will measure 
below and above the World Health Organization definition of healthy growth (> or < ±2 z-scores) [14], but their sizes can be appropriate for 
those children.

Table 3. Commonly used percentiles with z-score equivalents and 
commonly used z-scores with percentile equivalents1

Common percentiles  
with z-score equivalents

Key z-scores with  
percentile equivalents

percentiles z-scores z-scores percentiles

2 −2.1 −4 0.003

3 −1.9 −3 0.13

10 −1.3 −2 2.3

25 −0.7 −1 15.9

50 0.0 0 50.0

75 0.7 1 84.1

90 1.3 2 97.7

97 1.9 3 99.87

98 2.1 4 99.997

1The 10th and 90th percentiles have been used historically to assign size at 
birth for gestational age, but otherwise these percentiles are not commonly 
recommended for use in anthropometric assessments.
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Table 4. Tips for interpreting child growth

Principle Suggestions

The accurate interpretation of a growth chart is reliant on accurate  
measurements

There are often inaccuracies recorded, especially for supine length [28, 29] or when 
using parental home measurements

Growth charts are insufficient for a standalone diagnosis of  
malnutrition so should be regarded as one component of a  
comprehensive nutritional assessment

It may not be possible to determine “normal growth” with the growth chart alone. 
When concerned and unsure, it is best to refer for comprehensive medical and  
feeding assessments [4] prior to advising feeding changes

Single point in time measurements are not adequate to assess  
growth patterns

Growth should be defined as a progression in increase in size within the context of 
genetic potential

All anthropometric measures should be done routinely Assess height and weight status, weight-for-length, or BMI and for infants include 
head circumference

Concerns about small child sizes

A certain proportion of the population will place in the lower  
percentiles. This is not necessarily pathological

Consider genetic potential (ethnicity, mid-parental height, syndromic causes); further 
screening for determinants of health may be warranted. It is normal for 10% of a 
healthy population to plot below the 10th percentile

Children growing outside of the growth chart curve boundaries  
are statistically less common, but not necessarily pathological.  
The chart curves are statistical markers not growth patterns

Health care providers can have more confidence of a growth problem for an individual 
child when measurement(s) represent deviations beyond ±2 z-scores [4]. Consider 
genetic potential (ethnicity, mid-parental height, syndromics); further screening for 
determinants of health may be warranted

Normal variants of short stature include familial (genetic),  
constitutional, and idiopathic short stature [29]

Children who are small but growing parallel to the growth chart should be followed 
to confirm their growth pattern, monitor for possible contributing symptoms and 
support/reassure parents [30] (see Talking with Parents about Growth of Young 
Children)

For preterm infants, the corrected age should be plotted up until  
3 years of age [31]

To avoid this common mistaken identification of “abnormal” growth (unpublished 
data), consistently use include the corrected gestational age and include this  
information in the identifying data

Concerns about large child sizes

The WHO recommends a careful approach to children under  
age 5 plotting above 85th percentile is required given risks of  
restrictive diets in children who are still growing [17]. The  
functional significance of the cut-offs for the upper end of the  
BMI-for-age distribution are unclear for healthy children

Avoid the use of use of >1 z-score for BMI or weight-for-length as an indicator of 
concern

Parental teaching around risk of restrictive diets in growing children with an emphasis 
on healthy lifestyle rather than weight loss

If there are clear concerns with overweight/obesity, consider if supports are available 
[18, 19, 32, 33] and counsel within the context of family capacity and constraints

BMI does not assess adiposity and thus can be inaccurate  
especially when the BMI is slightly elevated

Physical exam, waist-hip ratio, and body composition measures, when available, can 
provide an assess whether an individual has excess adiposity

Identification of overweight and obesity signals for a historical  
and psychosocial evaluation of determinants of health

Suggestions made should be in the context of considering contribution of poverty, 
housing, school challenges, social support, feeding/dietary habits, food insecurity, 
colonialism, access to physical activity, adequate quality sleep, and stress and coping/
regulation skills

A household’s lack of resources or support to address  
overweight and obesity should temper the approach, timing and  
appropriateness of discussing concerns [18]

Learn about the economic reality of the household and the capacity to support  
lifestyle changes prior to giving recommendations. Consider whether programs are 
available to support behaviour changes [18, 19, 33]

Therefore, it is challenging to correctly distinguish between 

catch-up and accelerated growth, especially for individuals 

and for infants born prematurely. Additionally, a child’s growth 

rate can increase after an illness, which is a growth pattern 

that needs to be differentiated from excess growth [36]. Mis-

placed fears should not interfere with correction of “faltering 

growth” about potentially inducing accelerated growth [36]. 

Serial growth patterns of the infant or child will help a clinician 

determine if there are accelerated excess or if gains reflect 

appropriate catch-up.

Clinicians are often faced with a small or slim child with 

the need to determine if this is within healthy range for that 

child or reflecting a disease process. Additionally, there 

may be scenarios where the clinician must interpret what 

is clinically acceptable for a given child in a specific clinical 

context. Rather than simply using the attained size of an 

individual child as recommended for population assess-

ments, perhaps “the progression of changes in height, 

weight, and head circumference … to achieve the individu-

al’s genetic potential” [37] is a more appropriate definition 

for individuals. This definition has strengths as it focuses on 

serial measures and notes the importance of assessing a 

child’s growth progression over time, based on the child’s 

genetic potential.

Anthropometric measurements are considered as only one 

component of the comprehensive nutritional assessment. 

As a screening tool, a deviation indicates a need for a detailed 

assessment of the following: 
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a.  Medical history including prenatal and birth history that may 
influence nutrient intake, utilization or losses, and growth 
pattern

b. Functional outcomes
c. Medications/supplements
d. Mid-parenteral height
e. Nutrition focused physical examination [28]
f. Laboratory data and investigations
g. Dietary history
h. History related to the determinants of health.

 

The diagnosis of malnutrition is outside the scope of this 

paper. Extensive reviews and position statements on the 

application of the WHO cut-offs for the diagnosis of mal-

nutrition [38] and the suggested application to etiology-

related definitions [4] endorsed by the American Academy 

of Pediatrics [39] and American nutrition societies [40] are 

available.

There are 3 reasons why growth assessments of individual 

children using various definitions for growth faltering in indi-

viduals differ from population growth assessments. First, the 

WHO definition of normal growth for population assessments 

(Table 1) [14] does not actually refer to “growth” assessments 

since it uses attained size (length/height and weight for length/

height), that is, anthropometric measurements at one point in 

time, versus serial measures that are needed to describe growth. 

Second, specific normal and ideal height [37] and BMI [41] for 

an individual is never known since it is determined by genetics 

[42] as well as environmental factors [43]. And third, children 

growing outside of the growth chart curve boundaries are sta-

tistically less common, but not necessarily pathological since 

the cut-points implied by the curves at the extremes of the 

growth chart curves are statistically defined. For identifying 

growth problems, these cut-points are highly sensitive (thus 

helpful at identifying small children) but poorly specific (thus 

not accurate at excluding small healthy children).

Mid-parental height can be a useful indicator of genetic in-

fluences for child height on growth but it is not a specific pre-

dictor for an individual child’s growth pattern [44]. In clinical 

practice, it is reasonable to conclude normal growth on the 

basis that a child is close to or even above mid-parental height, 

following a fairly regular growth pattern and having an ade-

quate and varied intake of age-appropriate food (Table 4).

Common Pitfalls in Growth Assessments of 
Preterm Infants

Normal growth for preterm infants is growth that approximates 

fetal growth rates, that is approximately parallel to growth chart 

curves after adaptions from the prenatal environment [3] and 

postnatal weight loss [45, 46]. Most preterm infants without 

major morbidities can grow to catch up in height and weight 

for length (to plot greater than −2 z-scores) by 2–3 years cor-

rected age [35]. Preterm infants can plot low on growth 

charts compared to full term infants due to cumulative insults 

following premature birth and variable nutrition delivery that 

may result in different growth rates than full term infants. The 

ability of preterm infants to achieve their genetic growth  

potential is dependent on their feeding abilities after hospital 

discharge [47].

The best growth assessments of preterm infants consider 

the child’s prematurity (by correcting for their age [35] and 

plotting them on the appropriate growth charts [such as the 

large sample size widely used Fenton [48] and Olsen [49] 

growth charts]) and then consider the pattern of growth for 

all three growth parameters (weight, length, and head cir-

cumference over time) taking into account prenatal factors 

that may have influenced their fetal growth and thus their 

postnatal growth [3, 46]. Preterm infants without major neo-

natal morbidities can catch up in growth so that the growth 

of the majority plot within ±2 z-scores by 3 years of age [35].

There are 4 ways preterm infants are often misclassified as 

having inadequate growth.

 
1.  Overlooking correcting for prematurity when plotting on 

regular growth charts designed for term-born infants. This 
problem occurs when the age of the infant is plotted as if 
they were born at term without age correction, thus plotting 
their age incorrectly. A recent study found that 73% of very 
preterm infants would be misdiagnosed as having stunting 
and 89.8% would be misdiagnosed as having underweight 
when their age was not corrected [35].

2.  The use of single weight measurements at hospital discharge 
or term equivalent age is not predictive of developmental 
outcomes [45, 46]. Additional reasons for the lack of diag-
nostic accuracy for these one point in time growth assess-
ments around hospital discharge include that they are  
(i) after the postnatal weight loss that places infants lower on 
growth chart curves even when they grow approximately 
parallel to growth chart curves, (ii) do not consider size at 
birth or genetic potential, and (iii) are usually based on weight 
alone [45].

3.  Concerns have been raised about preterm infants’ higher 
body fat percentage at term equivalent age [50]. However, 
in contrast to these concerns, at 3 months corrected age, 
preterm infants body fat is not different from infants born 
at term since term infant also gain body fat postnatally [50].

4.  A hypothesis often referred to as the developmental origins of 
health and disease purports that an infant born with a low 
birthweight is exposed to a more nurturing environment in-
creases the risk of overweight and developing cardiovascular 
disease [51]. However, risk of obesity and CVD is still strongly 
influenced by lifetime environmental factors. Questions about 
the validity of the developmental origins of health and disease 
hypothesis have recently been raised based on risks of bias 
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Table 5. Some tips for discussing child growth with parents

• Focus on non-stigmatizing discussions with families [57]
• Approach conversations about child growth with caution, empathy, and respect
• Understand that parents tend to feel anxious, concerned, and criticized when there are potential growth concerns for their child [58–60]
• Empower and support parents to foster healthy eating and activity habits [57]
• Help parents address barriers such as food insecurity and housing [61]
•  Support parents with the day-to-day problems of picky eating, stretching limited food money, creating mealtime schedules [61], limiting child screen time, 

and increasing child physical activity [62]
• Avoid using medical jargon including: growth failure, failure to thrive, restriction, retardation, stunting, wasted, overweight, and obese
•  Report the child’s location and growth pattern on a growth chart in a positive way when possible, i.e., “healthy so reassuring” [56] or “not necessarily a  

problem but reason for further investigation to rule out any problems”
•  Determine parental interpretation and understanding. It has been shown that while some parents find growth charts and percentiles can be a good teaching 

tool [57], others find them difficult to understand [55]
•  Reassure parents that children come in different shapes and sizes. Each child has a unique and individual healthy growth pattern, which is expected and  

often not a concern. There are healthy children who are taller, shorter, heavier, and/or lighter
•  Promote responsive feeding (e.g., following infants feeding cues/demands and offering children a variety of foods while allowing them to determine if and 

how much they decide to eat), regardless of location and growth pattern on the growth chart [63]

and over-adjustments in the fundamental studies [51]. Evi-
dence shows that small for gestational age preterms do not 
develop the later phenotype (obesity [52] or higher blood 
pressure [53]) that would reveal any underlying risk compared 
to appropriate for gestational age preterm infants, so should 
not have rapid catch up growth [35] limited.

Talking with Parents about Growth of Young 
Children

Interpreting growth patterns can be challenging. Lay people of-

ten consider normal and desirable growth is the achievement of 

a specific size, often attained size, that is within the cut-points 

defined by the outermost growth chart curves or by an even nar-

rower criterion: attained size in the upper percentiles [54, 55].

Purposeful and skillful communication that relays informa-

tion and recommendations in a clear and supportive manner is 

important to prevent misunderstanding by parents (Table 5). A 

recent scoping review of parent perceptions of routine growth 

monitoring noted poor parental understanding of routine 

growth monitoring [56]. The comprehension of growth charts 

was affected by socioeconomic status, education, literacy, and 

minority ethnicity [56]. Common beliefs identified included: 

heavier babies are healthier and smaller babies raise concern. 

In addition, when their child was identified as overweight, par-

ents frequently discounted the routine growth monitoring  

information. One survey identified that there is poor under-

standing of term “body mass index,” the concept of proportion-

ality and 41% of respondents reported that the growth chart 

was never explained to them [55]. Parents prefer to be reas-

sured that their child is growing well [56].

When health care providers conduct conversations about 

growth, size, and weight in a responsive, non-blaming way, 

parents feel supported and empowered (Table 5) [64]. The lan-

guage used to discuss weight with parents and their children 

can have negative effects. Health care providers comments 

on growth and parental concern about their child’s weight 

[65] can lead parents to make potentially harmful changes to 

feeding, such as discontinuing breastfeeding early [66, 67], 

pressuring, restricting, or supplementing their child’s diet in-

appropriately [56, 62, 67]. Parents and children can feel stig-

matized and judged by the language and terminology that 

practitioners use to discuss growth [57]. Terms that require 

sensitivity and translation or avoidance include: growth fail-

ure, restriction or retardation, failure to thrive, malnutrition, 

stunting, wasted, overweight, and obese. It is important to 

relay that the purpose of assessing growth and relative size 

is to monitor for patterns that indicate a need for further as-

sessment. Growth charts can be insufficient as a standalone 

diagnosis of malnutrition and should be regarded as one im-

portant component of a nutrition assessment.

It is especially important to avoid stigma around weight 

and stature. While routine growth monitoring was histori-

cally introduced to detect malnutrition and growth faltering, 

it is increasingly also used for diagnosing childhood over-

weight and obesity [68]. By definition, a certain proportion 

of the population will have larger size bodies which can be 

healthy for them. Weight stigma is a harm in and of itself. It 

causes lower quality health care, low self-esteem, poor 

treatment by others, and discouragement to participate in 

physical activity [69]. Parents have advised that it is better 

that the child not be present when discussing possible over-

weight [70]; however, this decision requires careful judg-

ment as it may perpetuate or lessen weight stigma.

Conclusion

Children grow in a variety of patterns and have a variety of 

heights and weights. Health care providers must consider all 

the factors (family genetics, nutrition, illnesses, and physical  
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activity) that can affect child growth in order to determine if 

the pattern over time is normal for the child. It is challenging 

to decide whether an individual child has a growth problem. 

Normal growth is defined differently for individuals versus 

populations. Some healthy children (2.3%) will measure below 

and above the WHO definition of healthy growth, but their 

sizes are appropriate for those children. It can be valuable to 

understand the definition of normal growth for individuals as 

well as what is considered short stature, a low weight for 

height, and overweight for a population and how to avoid 

misclassifying children as underweight, short, or overweight. 

Labelling a child by these categories can create stigma and 

lead to unnecessary diet changes. It is important for health 

care providers to communicate the principles of growth 

clearly and to help prevent unnecessary worry for parents and 

stigmatization for children.
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