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Introduction

Human growth is a unique, complex, orderly process involving changes at
cellular, tissue and skeletal level, transforming an embryo to a mature adult.
Despite minor differences in growth across populations, it follows a very
typical pattern and can be divided mainly into three phases of growth;
Infancy, childhood and puberty (Karlberg's ICP model).

Growth Monitoring

Importance of growth monitoring: Growth monitoring is an eye to well-
being of a child. It constitutes a part of preventive pediatric care and is as
important as vaccination. A child growing normally assures a clinician of
being healthy. Poor or faltering growth parameters can be the first sign of
an underlying disorder like systemic disease or malnutrition or endocrine/
skeletal disorder. It can also alert the pediatrician about over-nutrition and
risks associated with over-nutrition/obesity can be addressed early. Regular
growth monitoring is of paramount importance for all children as it can
substantially decrease morbidity and mortality.

Guidelines for growth monitoring: All healthcare workers involved in care
of children, including pediatrician should monitor growth of the child during
clinic visits. It is a common practice to measure weight at all visits but other
parameters especially height is seldom taken. IAP recommendations
regarding growth monitoring in office practice are summarised in Table 1.

Anthropometric Indices

Parameters commonly used in office practice: Anthropometry (a Greek
word derived from Anthropos, means ‘human’ and metron meaning
‘measure’) is the basic science dealing with the measurement of human
body and the mainstay for growth assessment. Table 2 summarizes the
anthropometric variables to be used and the instruments required for
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Table 1. Growth monitoring in children (IAP recommendations)

Age Growth parameters Frequency of monitoring

Upto 2y Weight, length, head 0, 6, 10, 14 wk (at each vaccination)
circumference 6,9, 12, 15, 18, 24 mo

2-5y Weight, height, head Every 6 mo
circumference

5-9y Weight, height, BMI Every 6 mo

9-18y Weight, height, BMI Annually

(SMR should be assessed after

6 y of age in all children)

BMI Body mass index; SMR Sexual maturity rating

measuring them. The instruments should be well calibrated at regular
intervals and follow-up measurements should preferably be taken by the
same person.

Table 2. Anthropometric variables in OPD practice

Variable Instrument Normal values/ Comments
Cut-offs
Weight Weighing scale Between 3- 97"  Weight should be recorded to
percentile the nearest 0.1 kg
Height Stadiometer Between 3™- 97" ¢ Child should be barefooted
(Height)/ percentile while measuring length/
Infantometer height
(Length) * Should be recorded to the

Mid upper arm
circumference
(MUAC)

Sitting height

Non-stretchable >13.5 cm
tape

3 and 97t
percentile

Sitting height
stadiometer

nearest 0.1 cm

Measured between
acromian and olecranon
process

Age independent marker for
assessment of undernutrition
(MUAC <11.5 cm indicates
severe malnutrition)

Sitting height is measured by
placing a stool of known
height with a horizontal top
under the height measuring
device.

Hip and knee joints of the
child, while measurement,
should be at right angle.
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Table 2. Contd.

Variable Instrument Normal values/ Comments
Cut-offs
Waist Non-stretchable 70* percentile * Measured with child standing
circumference tape (for Indian children)  just above the level of iliac
crest (at end of normal
expiration)

* Independent predictor of
obesity related complications
and insulin resistance

Wrist Non-stretchable 70 percentile ¢ Measured at the most
circumference tape (for Indian children) prominent aspect of radial
styloid process
* Measure of frame size
* Predictor of obesity related
metabolic risks

Arm span Non-stretchable Within 4 cm of * Measured between tips of
tape height middle finger with arms fully
extended
Body mass Calculated by ¢ 23™and 27" adult «+ BMI cut-offs for Indian
index (BMI) Weight (kg)/ equivalent for children have beenlowered to
[height (m)]? overweight and define overweight and
obesity obesity owing to high risk of
» 3" percentile for metabolic complications due
under-nutrition to obesity in Asians.

Proportions can be determined by sitting height or by calculating upper
segment to lower segment ratio. Lower segment is measured from pubic
symphysis till feet and then upper segment can be derived by subtracting
lower segment from height. Cut-offs for Indian childrenis available for upper
segment (US): lower segment (LS) and it can be used to differentiate
proportionate and disproportionate short stature.

Lower segment measured from the above method is not same as
subischeal leg length. Leg length is derived by subtracting sitting height
from standing height andis a more sensitive marker than US:LS. Percentiles
for sitting height are available for Indian children; subischeal and lower
segment measurements should not be interchanged.

Growth velocity and its importance: Longitudinal growth (serial height
measurements) is a better representative of a child’s growth than cross-
sectional one (single height).
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Annual growth velocity is calculated by change in height (in cm)/ change
in time (in years). To calculate growth velocity, 2 height readings should
ideally be taken 1y apart or at least 6 mo apart. If the child’s height velocity
is falling below 25" centile, he/she should be evaluated for growth disorders
even if current height lies above 2 SD (or 3™ percentile). Height velocity
references have been recently published for Indian children (5-17 y).

If a child's height is 120 cm at 6 y and at 8 y he is 128 cm, his growth
velocity would be 128-120/8-6, i.e. 4 cm/y and to plot it on the height
velocity chart we need to take the mean of the ages at which readings were
taken. A height velocity of 4 cm should be plotted at 7 y of age on the chart.

Parental Correction

Geneticfactor plays animportant role in determining growth and final height
of a child. Parents’ height should always be taken into consideration while
assessing growth, as it can prevent unnecessary investigations in a child
with familial short stature. When one or both parents are very short, a
genetic cause of short stature should be kept in mind and parents
investigated accordingly.

Mid parental height/ Target height should be calculated and plotted on the
growth chart and target range should be calculated for each child (Table 3).

Table 3. Mid-parental height calculation

Mid parental or Target height Mother height + Father height + 13
(Boys) 2

Mid parental height Mother height + Father height -13
(Girls) 2

Target height range 6-9 cm above and below target height

Target height SDS Mother height SDS + Father height SDS

2
Corrected target height SDS (for 0.72 X target height SDS

secular trend)

SDS Standard deviation score

Secular Trend and Its Importance

Growth pattern of Indian children have demonstrated a change over last
few years owing to the economic and nutritional transition. With availability
of good nutrition and a better environment (hygiene, sanitation), children
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have shown improvement in weight, height and body mass index (BMI) over
years. This highlights the importance of using new IAP 2015 charts for
Indian children since they represent recent growth patterns of Indian
children.Inthe AP growth charts BMI cut-offs (23"and 27" adult equivalent
for overweight and obesity) have been lowered so that obesity is not
"normalized” but is picked up early, a fact that is confirmed by many recent
papers testing the applicability of IAP charts in modern urban and rural
India.

Growth Charts Interpretation
Growth charts available for use in children: These are provided in Table 4.

Table 4. Growth charts available for children

National standards International standards Specific growth charts
IAP 2015 charts CDC 2000 charts Achondroplasia
(Descriptive for height & (Descriptive)
weight; Prescriptive for BMI)
Khadilkar 2009 charts WHO 2006 charts (0-5y) Down syndrome
(Descriptive) (Prescriptive)
KN Agarwal charts WHO 2007 charts Turner syndrome
(Descriptive) (Descriptive)

IOTF BMI charts Noonan syndrome

(Prescriptive)

"Growth standards are prescriptive (depict how the population should ideally grow and they
are prepared from a population reared in a controlled ideal environment). Growth reference
is descriptive (tell us how children are growing; being prepared from a population believed
to be growing in the best possible environment).

BMIBody mass index; CDC Center for Disease Control; IAP Indian Academy of Pediatrics; IOTF
International Obesity Task Force; WHO World Health Organization

Growth charts to be used in Indian children: |AP growth chart committee
recommends the use of following charts for all Indian children:

*  WHO 2006 standards (For height, weight, head circumference, weight
for height) for 0-5 y of age

* 1AP 2015 charts (height, weight, BMI) for 5-18 y of age

Combined WHO and IAP charts are available and should be used in
practice so as to monitor a child's growth on the same chart from birth till
18 y.
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WHO growth standards are ideal but can over-diagnose under-nutrition
and stunting in developing nations like India and hence a growth trajectory
ismoreimportant than a single reading especially in those who are between
3 and 1°t percentile.

Standards available for preterm babies: Fenton charts were traditionally
used for preterms. Recently Intergrowth-21 charts have been published
where data was compiled across nations (India being a part). New
intergrowth charts should be used for preterms. Allowance for correction
of prematurity should only be done until 2 y of age.

Plotting and Interpretation of growth chart: The first step in plotting a
growth chart is to choose the correct growth chart for a child; growth chart
is gender specific (blue for boys and pink for girls). Do ensure to write the
name and date of birth of the child. Growth chart is like a graph consisting
of 2 axes: X-axis represents the chronological age and y-axis represents
the growth variable (weight/height/head circumference/BMI). A dot is
marked at the intersection of anthropometric measure (on y-axis) and age
(x-axis).

Weight for height/length chart is used to define malnutritionin younger
children. A child whose weight for length lies below 15t percentile (-3 SD)
is being classified to have severe acute malnutrition (SAM) and between 15t
and 3 percentile (-2 SD to -3 SD) is moderate acute malnutrition (MAM).

A standard growth chart for height and weight has 7 growth curves
which are percentile lines (37, 10%, 25%, 50, 75, 90*, 97*). Any child whose
height/weight falls above 97 centile or below 3™ centile is considered to
have abnormal growth. In IAP BMI charts, cut-offs for overweight and obesity
are denoted by 23" and 27" adult equivalent respectively while these cut-
offs are 85" and 95 percentile on WHO 2007 charts.

Target height is plotted by a horizontal arrow at 18 y on the growth
chart and target range is made by 2 vertical or horizontal arrows (6-9 cm
above and 6-9 cm below the target height).

It is always a good idea to plot and explain the growth chart to parents
to ensure their participation in growth monitoring.

Calculating height age, weight age by growth charts and interpretation
with respect to growth problems: Height age (HA) and weight age (WA) can
be easily determined by drawing a horizontal line from the plotted height/
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weight till it meets the 50 percentile line and then a vertical line is drawn
from that point till it reaches the x-axis; it gives the corresponding height
age and weight age.

Calculation and interpretation of height age and weight age in relation
to chronological age (CA) can give a clue towards the pathology of growth
disorders guiding towards subsequent investigations.

CA > HA > WA - Nutritional cause or chronic systemic disease
CA > WA >HA - Endocrine disorder

WA > HA > CA - Nutritional obesity

WA > CA > HA - Endocrine obesity

HA > WA > CA - Precocious puberty
Common errors to be avoided while plotting growth chart:

e A dot should be made while plotting, cross or circles should not be
made while plotting.

*  Bluechartisforboysand pinkis for girls, this should not be interchanged.

* Age should be calculated accurately from the date of birth and plotted
accordingly.

*  Plotting of frequent readings (every 15 d or monthly) should be avoided
(especially for weight) as it may confuse the caregiver or may be the
reason for unnecessary anxiety in parents. Plotted readings should
preferably be 3-6 mo apart.

Indian references available for anthropometric parameters other than
height, weight and BMI: Indian references (national) are available for waist
circumference, wrist circumference, sitting height and growth velocity.
References are also available for upper segment lower segment ratio, penile
length and testicular volume but they are from western India.

Physiological ‘catch-up growth’ or ‘catch-down growth’: Physiological catch
up growth is seen in babies born small for gestational age (SGA) and is
usually complete by 2-4y of age. Inadequate catch up growth in SGA babies
till 4 y of age make them candidates for growth hormone therapy and can
maximise their height potential if started early.

Physiological catch down growth to family potential is usually observed
in later half of infancy (usually between 6 mo to 15 mo of age). Children with
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constitutional delay in growth and puberty (CDGP) demonstrate catch down
growth usually between 2-3 y of age which is physiological and usually does
not warrant evaluation.

Z-score and percentiles: Z-score (standard deviation score) is measure of
deviation of that particular parameter from the mean for the reference
population. It is calculated as:

Z-score = Measure (anthropometric variable) — Mean for age and sex

SD for age and sex (reference population)

Z-score and percentiles areinterchangeable. Z-scores are usually calculated
for research purposes. In the modern times decision to treat a child with
short stature mandates Z-score calculations.

Synthetic growth charts/references: Synthesizing anthropometry is an
innovative approach that circumvents the cumbersome and expensive task
of huge data collections decade after decade. Synthetic growth references
are generated by using global Lambdo-mu-sigmo (LMS) values, non linear
regression equations and loading local population means on the global
growth model. Recently growth references have been synthesized for Indian
children using non-linear regression equations. With this method growth
charts for height, weight BMI can be generated for any population where
means of height and weight are available at key ages of O, 2 ,6, 12, 14, 15
and 18 y.

Bone Age

Methods for calculation of bone age: Bone age indicates skeletal maturity
or biological age of a growing individual. It is measured by assessment of
degree of development of ossification centres of hand bones. A radiograph
of left hand and wrist (till distal phalanges) should be ordered at all ages for
bone age assessment. There are various methods for bone age estimation:
* Gilsanz and Ratib (Atlas matching)
*  Greulich and Pyle (Atlas matching)
*  Tanner Whitehouse (Epiphyseal scoring)
* Bone expert (Automated software)

In the first 2 methods, ossification centres are matched with the

radiographs in atlas while in Tanner Whitehouse method, bone age
estimation is done by scoring 13 epiphyseal centres namely radius, ulna,
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metacarpals (1%, 39, 5%), proximal phalanges (1%, 37, 5), middle phalanges
(3, 5*) and distal phalanges (1%, 39, 5*"). The atlas matching methods are
less time consuming and can be practised in a busy office practice but do
have subjective variations. TW-3 method has less chance of subjective
error but it is time consuming. Bone expert is an accurate method and
excludes subjective error but it is expensive and not easily available in India
at present.

Plotting bone age on growth chart and interpretation in relation to
chronological age: Bone age is plotted by making a cross or diamond at the
intersection of height (y-axis) and bone age (x-axis); it is then joined to the
current height marking by a dotted line (Fig. a).

Normally bone age should be within 1 standard deviation or 10 % of
chronological age. In simple words, the gap between bone age and
chronological age should be within 1 y (younger children) and 2 y (older
children). The wider the gap between the two, the more likely is the chance
of an endocrine disorder.

Bone age is delayed in constitutional delay in growth and puberty,
hypothyroidism, growth hormone deficiency, Cushing disease, systemic
diseases and advanced in nutritional obesity, precocious puberty and rare
disorders such as AGREECAN (ACAN) gene defect.

Importance of bone age in practice: Bone age reflects the growth potential
ofachild. Height predictions can be done using bone age. Bayley and Pinneau
equations are used in Greulich & Pyle method for adult height prediction.
Tanner Whitehouse equations for height prediction are based on current
height, bone age, chronological age and gender-specific constants.
However these methods are developed on Caucasian population and may
overpredict height for Asians.

It is an important tool for a pediatric endocrinologist for assessment
of growth disorders. A short child with a delayed bone age needs thorough
evaluation for the cause. An advanced bone age can be an indicator of a
pathological cause like precocious puberty, Serial bone age measurements
(annual) may be required while treating a growth disorder to ensure the
adequacy of treatment and prediction of final height.

Bone ageis unreliable in some conditions like skeletal dysplasia, Turner
syndrome, small for gestational age (SGA), metabolic bone disease, chronic
kidney disease and should be interpreted with caution.
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Referral of a Child to Pediatric Endocrinologist for Growth Issues

If the length/height or weight is below 3™ percentile or above 97%
percentile on growth chart

Head circumference below 3™ percentile from 0-3 y of age

Rapid crossing of 2 percentile lines (upward or downward) on height or
weight charts

Growth velocity below 25" percentile
Height of a child is outside the target range
BMI above 23 adult equivalent on IAP 2015 BMI charts

Received treatment (surgery/ radiation) for central nervous system
(CNS) tumors

Malignancy survivors

Any sign of puberty in a girl (breast budding or presence of axillary/
pubic hair or vaginal bleeding) before 8 y of age or in a boy (axillary/
pubic hair or genital growth or testicular enlargement) before 9y of age

Delayed puberty (no breast developmentina girlby 14y or no menarche
by 16 y or no signs of puberty in a boy by 15 y)

Atypical genitalia
Bilateral undescended testes or micropenis in a boy
Any girl with bilateral inguinal swellings

Hirsutism or menstrual irregularities in a girl

Summary

Growth assessment is aremarkable toolin the hands of healthcare workers
who deal with children and all efforts must be made to monitor growth at
each OPD visit. It is an inexpensive tool to ensure the child’s well being and
can give an early indication of an underlying disorder. Active participation
of parents should be ensured in the growth assessment of their child.

CASES VIGNETTES

Case 1: A 15-mo-old girl came to OPD for not gaining weight.
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Her weight was 5.5 kg; length was 70 cm; head circumference was 45 cm.

Her growth charts are shown in Fig. a.
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Fig. a. Growth chart (Case 1).

On plotting her on WHO charts (since she is between 0-5 y), her weight for
lengthis below the redline (1% percentile) with a normal head circumference,
her clinical diagnosis would be severe acute malnutrition (SAM).

Case 2: A 10-y 5-mo-old girl came to OPD for growth assessment.

Her weight was 19 kg; height was 126 cm. Her father's height was 167 cm
and mother’s height was 156 cm. Her height age, weight age and BMl were
plotted on growth charts (Fig. b).

Her height age was 8.2 y with a weight age 5.10 y with a BMI111.9 kg/m? (<3™
percentile). Her CA (10.5 y) > HA (8.2 y) > WA (5.10 y); so she is
undernourished with possibly nutritional cause or systemic disease.
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Fig. b. Growth chart (Case 2).
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Case 3: A 9-y-old boy came with his parents who felt he is not gaining height.

His height at 9 y was 125 cm (10*-25" percentile on IAP growth charts) and
weight of 25 kg, mid parental height was 170 cm (on 25 percentile). Should
this child be evaluated as parents were assured of normal growth
parameters at this age but they still feel the child was not growing since 2-

3y.
In his school records, a height was documented at 7 y of age which was
119 cm.

On serial plotting it was observed that the child has crossed percentiles
over 2 y and his growth velocity is 125-119/2, i.e., 3 cm/y (Fig. c).

Although the child was not short as per the current height and target
range but his growth velocity was below 25 percentile. He was evaluated
for short stature and lab investigations confirmed hypothyroidism.

Also CA (9y) > WA (8 y) > HA (7.8 y) suggestive of endocrine disorder.

gomen o MH: 155 €M Ravi Percentile Girawth velocity charts Bays
TR O~ 12/05201

Fig. c. Growth chart (Case 3).

Case 4: A 7-y-old boy came to OPD for fever.

His height was 130 cm (90%*-97* percentile and above the target range)
(Fig. d). Sexual maturity rating (SMR) was checked (A2P4G3T10T10) and
was suggestive of pubertal onset (mid-puberty). Here HA (8.8 y) > WA
(7.6y) > CA(7y), suggestive of precocious puberty. Bone age was advanced
(11.8 y) (marked by a cross in Fig. d). Evaluation done revealed central
precocious puberty due to CNS mass.
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Fig. d. Growth chart (Case 4).
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