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Introduction to Pediatrics

The branch of medicine that deals with the care of children
and adolescents is pediatrics. This term has roots in the
Greek word pedo pais (a child) and iatros (healer). Pediatrics
covers the age group less than 18 yr of age. A physician
who specializes in health care of children and adolescents
is a pediatrician. The goal of the specialty is to enable a child
to survive, remain healthy, and attain the highest possible
potential of growth, development and intellectual
achievement. Child health encompasses approaches,
interventions and strategies that preserve, protect, promote
and restore health of children at individual and population
level.

Children under 15 yr of age comprise about 30% of India’s
population. Childhood is the state when the human being
is growing and developing. It is time to acquire habits,
values and lifestyles that would make children responsible
adults and citizens. The family, society and nation are duty-
bound to make children feel secure, cared for, and protected
from exploitation, violence and societal ills. Female children
face gender bias in access to healthcare and nutrition. A
civilized society nurtures all its children, girls and boys
alike, with love, generosity and benevolence.

Child is not a miniature adult. The principles of adult
medicine cannot be directly adapted to children. Pediatric
biology is unique and risk factors of pediatric disease are
distinct. Clinical manifestations of childhood diseases may
be different fromadults.Indeed, many disorders are unique
to children. Drug dosages in children are specific and nota
mathematical derivation of the adult doses. Nutrition is a
critical necessity for children not only to sustain life, but to
ensure their growth and development.

Pediatrics as a Specialty

Pediatrics is a fascinating specialty. It encompasses care of
premature neonates on the one hand, and adolescents, on
theother. The discipline of pediatrics has branched into well-
developed superspecialties (such as neonatology,
nephrology, pulmonology, infectious disease, critical care,
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neurology, hematooncology, endocrinology and cardiology).
Pediatrics covers intensive care of neonates and children
using the most sophisticated technology, on the one hand,
and providing home care to newborns and children, on the
other. Child health is thus a state-of-art clinical science as
well as a rich public health discipline.

Medical students should possess competencies for the
care of healthy and sick children. The agenda of high child
mortality due to pneumonia, neonatal infections, preterm
birth complications, diarrhea, birth asphyxia and vaccine
preventable diseases is still unfinished. The benefits of
advancing pediatric specialties must reach all children.
Besides, an increasing body of knowledge on pediatric
origins of noncommunicable diseases of the adult is set to
change the paradigm of child health. Primary prevention,
identification of early markers and timely treatment of adult
disorders are the emerging imperatives in pediatrics.

Historical Perspective

Medical care of children finds place in the ancient Indian,
Greek and Chinese systems of health. But as a formal
discipline, pediatrics took root in Europe and the USin the
19th century when some of the famous children hospitals
were established. B] Hospital for Children, Mumbai was
the first child hospital to be established in India in 1928.
Postgraduate diploma in pediatrics was started there in
1944; postgraduate degree programs began in the fifties.
Pediatrics became anindependent subject in MBBS course
in mid-nineties. The first DM program in neonatology
started in 1989 at PGIMER, Chandigarh and in pediatric
neurology at AIIMS in 2004.

Challenge of High Child Mortality

India has the highest number of child births as well as
child deaths for any single nation in the world. Each year,
as many as 27 million babies are born in the country. This
comprises 20% of the global birth cohort. Of the 7.8 million



under 5 child deaths in the world in 2010, 1.7 million (23%)
occur in our country. The mortality risk is highest in the
neonatal period. National programs focus generally on
child deaths under the age of 5 yr (under-5 mortality).
Table 1.1 provides the most recent figures on the key child
mortality indices.

Table 1.1: Child mortality indices in india
Level in 2012

52 per 1000 live births

Indices

Under 5 mortality rate (USMR)
Infant mortality rate (IMR) 42 per 1000 live births
Neonatal mortality rate (NMR) 29 per 1000 live births
Early neonatal mortality rate (ENMR) 23 per 1000 live births

US5SMR Number of deaths under the age of 5 years per 1000 live births
IMR Number of deaths under the age of 1 year per 1000 live births

NMR Number of deaths under the age of 28 days per 1000 live births
ENMR Number of deaths under the age of 7 days per 1000 live births

In terms of under 5 mortality (USMR), India ranks 46th
among 193 countries. The USMR in India (52 per 1000 live
births) is unacceptably high given our stature as an
economic, scientific and strategic power. USMR in Japan
(3), UK (5), USA (8), Sri Lanka (17), China (18) and Brazil
(19) is worth comparing with that of India. Great nations
not only have negligible child mortality, but also ensure
good health, nutrition, education and opportunities to
their children. Majority (56%) of under 5 deaths occur in
the neonatal period (<28 days of life), and the neonatal
mortality accounts for 70% infant deaths.

There has been a steady decline in child deaths. USMR
has declined by almost 50% between 1990 and 2010 from
117 to 59 per 1000 live births. However, decline in neonatal
mortality rate (NMR) has been slower. In the decade of
2001-10, infant mortality rate (IMR) declined by 34%,
while NMR decreased by 17.5% (Fig. 1.1). More worrying
is the fact that the level of early neonatal mortality (deaths
under 7 days of life) has remained unchanged.
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Reduction in infant mortality is the foremost
development goal of the country. India is a signatory of
the millennium declaration and thereby committed to the
Millennium Development Goals (MDG). The MDG
4 encompasses reduction of USMR by two-thirds by 2015
from the 1990 baseline. Since the USMR in 1990 was
117 per 1000 live births, the MDG 4 goal is to attain USMR
of 39 per 1000 live births by 2015. This corresponds to an
IMR of 29 per 1000 live births. Given the prevailing levels
(Fig. 1.1), India would have to further accelerate her child
survival action to attain MDG 4. This is difficult, but
achievable. The XII Plan aims to bring IMR to 25 per 1000
live births by 2017.

Why do children die?

The eightimportant causes of under 5 mortality in children
in India are: (i) pneumonia (24%), (ii) complications of
prematurity (18%), (iii) diarrhea (11%), (iv) birth asphyxia
(10%), (v) neonatal sepsis (8%), (vi) congenital anomalies
(4%), (vii) measles (3%), and (viii) injuries (3%) (Fig. 1.2).
The above causes are the proximate conditions that lead
to death. Poverty, illiteracy, low caste, rural habitat,
harmful cultural practices, and poor access to safe water
and sanitation are important determinants of child health.
Undernutrition is a critical underlying intermediate risk
factor of child mortality, associated with 35% of under 5
child deaths. Undernutrition causes stunting and wasting,
predisposes to infections and is associated with adult
disorders (hypertension, diabetes, heart disease) and low
economic productivity.

Health System in India

The rural health system in India is depicted in Fig. 1.3. At
the bottom of the pyramid is the village with an average
population of 1,000. There are two workers at this level,
an Accredited Social Health Activist (ASHA) who is a
woman volunteer from the same village placed as the
frontline worker of the health sector, and an Anganwadi

—— IMR
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—a— Early NMR
== Late NMR

B

2005 2006
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Fig. 1.1: Trends in neonatal and infant mortality rates (Data from Sample Registration System)
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Fig. 1.2: Causes of under 5 child deaths. The area to the right of the dotted line indicates neonatal conditions
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Fig. 1.3: Rural health system in India. ANM auxiliary nurse midwife; ASHA accredited social health activist;: AWW anganwadi worker, MO medical officer

worker of the health sector, and an Anganwadi Worker
(AWW), belonging to the Integrated Child Development
Services (ICDS), and responsible for nutrition and child
development services. For every 5,000 population, there is
asubcenter where 1-2 Auxiliary Nurse Midwives (ANM)
are posted. Theroles of ASHA, AWW and ANM in maternal,
newborn and child health are shown in Table 1.2.

A primary health center (PHC) caters to a population of
30,000 and is manned by one or two medical officers and
nurses. A community health center (CHC) covers a popu-
lation of 100,000 and has provision for general medical
officers as also specialists, including a pediatrician. District
hospitals and medical college hospitals provide more
advanced specialty services. The private practitioners and

facilities are primarily located in urban areas. Rural
population also accesses services of unqualified practi-
tioners which are not a part of the formal health sector.
Unlike the rural system, the urban health system is
unstructured with multiple providers and dominance of
private sector for health care services.

National Programs on Child Health

Child health has been at the core of our health policy. The
Universal Immunization Program launched in 1985
focused on immunization against six diseases (tuberculosis,
poliomyelitis, diphtheria, pertussis, tetanus and measles).
The Diarrheal Disease Control Program was initiated in
1981 and Acute RespiratoryInfections Control Programin




Table 1.2: Roles of grassroots functionaries in child heaith

Provider

Accredited Social Health
Activist (ASHA)

Role in maternal, newborn and child health

Mobilizing pregnant mother for antenatal check and care
Accompanying pregnant mother to facility for delivery

Home care of the newborn

Facilitating immunization

Promoting complementary feeding
Primary care in diarrhea and pneumonia

Health education

Anganwadi Worker (AWW)

Providing nutrition supplement to pregnant mother

Facilitating antenatal checks and immunization
Promoting infant and young child feeding

Growth monitoring of children

Supplementary nutrition to children

Managing malnourished children

Providing IMNCI services for neonates and children
Nonformal preschool education

Auxiliary Nurse Midwife (ANM)
Immunization

Antenatal checks and care of pregnant mothers

Supervising ASHA and AWW in newborn and child care
Providing IMNCI services for neonates and children

Health education
IMNCI Integrated Management of Neonatal and Childhood Illness

1990. In 1992, India launched the Child Survival and Safe
Motherhood Program (CSSM) by combining interventions
for child survival (immunization, control of diarrheal
disease, respiratory infections, vitamin A supplementation,
essential newborn care) and maternal health (antenatal
care, deliveries in institutions, emergency obstetric care).
In 1997, the Program for Family Planning and the CSSM
Program were merged to create the Reproductive and Child
Health Program. In phase 2 of the RCH Program (2005),
adolescent health component was added.

The government launched the National Rural Health
Mission (NRHM) in 2005. This mission included
investment in public health, improvements in health
systems, focus on communities, decentralization and
demand-side interventions to improve effectiveness of the
programs. The RCH Program was integrated into the
NRHM, with prime focus on child and maternal health.
Strategies include deployment of more than 900,000 ASHAs;
an increase in ANMs, nurses and doctors; setting up of
village health and sanitation; strengthened primary health
care infrastructure; strengthened program management
capacity, establishment of patient welfare committees at
facilities and creation of emergency transport networks.

The RMNCH+A Strategy (2013): Ongoing Programs
for Neonates, Children and Adolescents

In 2013, the government reviewed maternal and child
health program under NRHM and launched a Strategic
Approach to Reproductive, Maternal, Newborn, Child
and Adolescent Health (RMNCH+A) under the XII Plan.
The intervention packages under the RMNCH+A strategy
are summarized in Table 1.3; details are shown in
Table 1.4.

Table 1.3: Intervention packages under the RMNCH+A Strategy

Adolescent health

Adolescent nutrition and folic acid supplementation

Adolescent Friendly Health Services (Adolescent Health Clinics)

Counseling on adolescent reproductive health and other health

issues

Scheme for promotion of menstrual hygiene among rural
adolescent girls

Preventive health checkups and screening for diseases,
deficiency and disability

Pregnancy, child birth and immediate newborn care

Preventive use of folic acid in periconceptional period

Antenatal package and tracking of high-risk pregnancies

Skilled obstetric care and essential newborn care including
resuscitation

Emergency obstetric and newborn care (EmONC)

Postpartum care for mother and baby

Postpartum IUCD insertion and sterilization

Implementation of preconception and prenatal diagnostic
techniques Act

Newborn and child care

Home based newborn care

Facility based newborn care

Integrated Management of Common Childhood Illnesses

Immunization

Child health screening and early intervention (Rashtriya Bal
Swasthya Karyakram)

Reproductive health

Community based doorstep distribution of contraceptives

Promotion of spacing methods

Sterilization services

Comprehensive abortion care

Prevention and management of sexually transmitted diseases
or reproductive infections

IUCD intrauterine contraceptive device
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Future of Child Health

The nation is addressing child health challenges with burden districts to addresschildhood undernutrition. The

greater dynamism than ever before. Investmentsarebeing ~ country is surging ahead with stronger economy and
Conditional cash transfers and entitlements are enshrined =~ mortality rate, and improve remarkably the health and

health care. ICDS is being strengthened, particularly in high

to stimulate demand for maternal, newborn and child  nutrition status of her children in near future.

Table 1.4: Summary of maternal, newborn and child health services in the RMNCH+A Strategy under NRHM

Pregnancy, childbirth and
immediate newborn care

Skilled obstetric care and essential
newborn care including resuscitation

Emergency obstetric and
newborn care (EmONC)
Postpartum care for mother and baby

Newborn and child care

Home-based newborn care

Facility-based newborn care

Interventions

Package

Facility deliveries by skilled birth attendants

Neonatal resuscitation

Essential newborn care (warmth, hygienic care, breastfeeding, extra care of small babies,
problem detection)

Linkages to facility-based newborn care for sick neonates

Program drivers: The schemes that drive uptake of the intervention packages

Janani Suraksha Yojana (JSY) that provides cash incentive to the woman (and to the
ASHA) for delivery in the facility

Janani Shishu Suraksha Karyakram (JSSK) that entitles the mother and less than one
month neonate to free delivery, medicines/blood, diet, pickup and drop in government
facilities

Navjat Shishu Suraksha Karyakram that aims to train nurses and doctors in neonatal
resuscitation

Interventions

Home visits by ASHAs (six for facility born babies, on days 3, 7, 14, 21, 28 and 42; an
extra visit on day 1 for home births)

Interventions for infants

Examination; counsel for warmth; breastfeeding; hygiene; extra care of low birthweight
babies; detection of sickness, referral

Interventions for mother

Postpartum care and counseling for family planning

ASHA given cash incentive for home care, birthweight record, birth registration and
immunization (BCG, first dose OPV and DPT)

Special newborn care units (SNCU)

These specialized newborn units at district hospitals with specialized equipments
including radiant warmers. These units have a minimum of 12-16 beds with a staff of
3 physicians, 10 nurses and 4 support staff to provide round the clock services for new
born requiring special care, such as those with very low birthweight, neonatal sepsis/
pneumonia and common complications

Newborn stabilization units (NBSU)

These are step down units providing facilities for neonates from the periphery where
babies can be stabilized through effective care. These are set up in CHCs and provide
services, including resuscitation, provision of warmth, initiation of breastfeeding,
prevention of infection and cord care, supportive care: oxygen, IV fluids, provision for
monitoring of vital signs and referral

Newborn care corners (NBCC)

These are special corners within the labor room at all facilities (PHC, CHC, DH) where
deliveries occur. Services include resuscitation, provision of warmth, prevention of
infections and early initiation of breastfeeding

Program drivers: The schemes that drive uptake of the intervention packages

Janani Shishu Suraksha Karyakram (JSSK) that entitles the mother and neonate to free
delivery, medicines/blood, diet, pickup and drop in government facilities

Contd...



Table 1.4: Summary of maternal, newborn and child health services in the RMNCH+A Strategy under NRHM (Contd.)
Newborn and child care Interventions

Integrated management of common Integrated Management of Neonatal and Childhood Illness (IMNCI) by Anganwadi
childhood illness Workers and first level facility (PHC)
Facility - IMNCI at first referral level (e.g. CHC). Focuses on providing inpatient
management of major causes of childhood mortality such as asphyxia, sepsis, low
birth-weight and pneumonia, diarrhea, malaria, meningitis and severe malnutrition

Immunization Universal Immunization Program now includes 7 vaccine preventable diseases (TB,
polio, diphtheria, pertussis, tetanus, measles and hepatitis B) for all children
Pentavalent (DPT, hepatitis B and Haemophilus) vaccine introduced in several states
MMR vaccine introduced by some states such as Dethi
Japanese encephalitis vaccine in endemic districts; combine with routine

immunization
OPV supplementary doses administered on National Immunization Days to keep India
polio free
Child health screening and early Launched in January 2013, the program envisages child health screening and early
intervention services (Rashtriya intervention services through mobile health teams at block level
Bal Swasthya Karyakram) Screening of all children (0-6 yr old) enrolled at least twice a year for 30 disorders (4Ds)

Defects (neural tube defect, Down syndrome, cleft lip/ palate, club foot, dysplasia hip,
congenital cataract or deafness, congenital heart diseases and retinopathy of

prematurity)

Deficiencies (anemia, vitamin A deficiency, vitamin D deficiency, severe acute
malnutrition and goiter)

Diseases (skin conditions, otitis media, rheumatic heart disease, reactive airway disease,
dental caries and convulsions)

Development delays and disabilities (vision or hearing impairment, neuromotor
impairment, motor delay, cognitive delay, language delay, behavior disorder, learning
disorders, attention deficit hyperactivity disorder)

Optional (congenital hypothyroidism, sickle cell anemia, beta thalassemia)

Free management of these children at District Early Interventions Centers or identified
tertiary level institutions

CHC community health center; DH district hospital; PHC primary health center

Suggested Reading

Government of India, Ministry of Health and Family Welfare. A Liu L, Johnson HL, Cousens S, et al. Global, regional and national
strategic approach to Reproductive, Maternal Newborn, Child and causes of child mortality: an updated systematic analysis for 2010
Adolescent Health (RMNCH+A) in India January 2013 with time trends since 2000. Lancet 2012;379:2151-61



Normal Growth and 2

Its Disorders

Ramesh Agarwal, Naveen Sankhyan, Vandana Jain

Growth is an essential feature that distinguishes a child
from anadult. The process of growth starts from the time of
conception and continues until the child grows into a fully
mature adult. The terms ‘growth” and ‘development” are
often used together, but are not interchangeable because
they represent two different facets of the dynamics of
change, i.e. those of quantity and quality.

The term growth denotes a netincrease in the size or mass
of tissues. It is largely attributed to multiplication of cells
and increase in the intracellular substance. Hypertrophy
or expansion of cell size contributes to alesser extent to the
process of growth.

Development specifiesmaturation of functions. It is related
to the maturation and myelination of the nervous system
and indicates acquisition of a variety of skills for optimal
functioning of the individual.

Growth and development usually proceed concurrently.
While they are discussed separately, both growth and
development are closely related; hence, factors affecting
one also tend to have an impact on the other. During early
embryonic period of life, an exponential increase in the
number of cells occurs. At the early embryonic stage, fetal
cells divide and differentiate to form tissues and organs. In
the later half of pregnancy and early childhood, there is
also an increase in cell size. This manifests as increase in
the protein to DNA ratio. The cell size continues to enlarge
untilabout ten years of age. The body cells remain in a state
of dynamic equilibrium; hence aging cells are continuously
replaced by new cells. The rate of turnover of cells in
different tissues is variable.

FACTORS AFFECTING GROWTH

Fetal Growth

Fetal growth is influenced primarily by fetal, placental and
maternal factors. In humans, 40% of variation in the birth-
weight is due to genetic factors while the rest is due to
environmental factors. The fetus has an inherent growth

potential, and under normal circumstances, grows into a
healthy appropriate sized newborn. The maternal-
placental-fetal unit acts in harmony to provide the needs of
the fetus.

Genetic potential. Parental traits are usually transmitted to
the offspring. Thus, tall parents have tall children; the size
of the head is more closely related to that of parents than
are the size and shape of hands and feet. Similarly, the
structure of the chest and fatty tissue has better genetic
association than other somatic characteristics.

Sex. Boys are generally taller and heavier than girls at the
time of birth.

Fetal hormones. Human fetus secretes thyroxine from the 12th
week of gestation. Thyroxine and insulin have animportant
role inregulating tissue accretion and differentiation in the
fetus. Both hormones are required for normal growth and
development, particularly during late gestation. Gluco-
corticoidsalsoplayanimportantrole, primarily towardsthe
end of gestation and influence theprepartum maturation of
organssuchasliver,lungsand gastrointestinal tract. Growth
hormone, though presentin highlevelsin fetus, isnot known
to influence fetal growth.

Fetal growth factors. A large number of growth factors are
synthesized locally in fetal tissues, and act principally by
autocrine and paracrine mechanisms. Their prime effect
is on cell division, though they also influence other aspects
of tissue growth. These factors can be both growth
promoting or inhibitory. The insulin like growth factor
(IGF)-I and IGF-II are among the most extensively studied
fetal growth factors. Other growth promoting factors
include epidermal growth factor (EGF), transforming
growth factor (TGF-0), platelet derived growth factor
(PDGF), fibroblast growth factor (FGF) and nerve growth
factor. Inhibitory factors include TGF-B, Miillerian
inhibitory substance and inhibin/activin family of
proteins.



Placental factors. As in most species, fetal weight directly
correlates with placental weight at term. Fetal growth is
highly dependent on the structural and functional integrity
of the placenta. With advancing gestation, the weight of
the placenta increases to cater to the increased needs of the
baby. There are important functional and structural
changes in the placenta that make this adaptation more
efficient. The total villous surface area increases, the
diffusion distance decreases, the fetal capillaries dilate and
the resistance in fetoplacental vasculature falls. This
positive remodeling facilitates nutrient transport across the
placenta.

Maternal factors. The mother’s own fetal and childhood
growth and her nutrient intake and body composition at
the time of conception and during pregnancy, play an
important role in determining fetal size. Teenage or
advanced age, recent pregnancy, high parity and anemia
negatively influence fetal size and health. Maternal intake
of tobacco (smoked or chewed) and drug or alcohol abuse
also retard fetal growth. Obstetric complications such as
pregnancy induced hypertension, pre-eclampsia and
multiple pregnancies produce fetal growth restriction. Pre-
existing chronic systemic disease (chronic renal failure,
congestive heart failure) and acquired infections (rubella,
syphilis, hepatitis B, HIV, CMV, toxoplasmosis) may
influence fetal growth.

Postnatal Period

The growth of the child during postnatallife is determined
by genetic potential as well as internal and external
influences.

Genetic factors. Both chromosomal disorders and mutations
in specific genes can affect growth. Chromosomal defects
like Turner syndrome and Down syndrome manifest as
growth retardation. Mutation of single genes may result in
inherited retardation of growth, e.g. Prader-Willi syndrome
and Noonan syndrome. While most disorders lead to short
stature, some genetic defects can also result in tall stature,
e.g. Klinefelter syndrome and Sotos syndrome.
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Intrauterine growth restriction (IUGR). IUGR resulting in low
birthweight (LBW) constitutes an important risk factor for
postnatal malnutrition and poor growth. LBW increases
the odds of underweight, stunting and wasting in the first
5yroflifeby 3to 5 times. At 6 months of age, approximately
one-third each of underweight (28%), stunting (28%) and
wasting (22%) are attributable to LBW. At ages between 1
and 5 yr, LBW accounts for 16-21% of wasting, 8-16% of
stunting and 16-19% of underweight. It was recently
reported that a third and a fifth of infants have wasting
and stunting, respectively, even at birth (Fig. 2.1).

During early infancy, exclusive breastfeeding provides
adequate nutrition, prevents infections and protects the
infants from further undernourishment. However, at 3-5
months, the common practice of supplementing the infants
with animal milk increases morbidity due to infections
leading to underweight and stunting. Subsequently, faulty
complementary feeding practices (starting too late, using
too little and very less calorie dense foods) along with poor
hygiene lead to a further rise in rates of underweight and
stunting.

Hormonal influence. Normal development cannot proceed
without the right milieu of hormones in the body throughout
childhood and adolescence. Absence of growth hormone
or thyroxine results in dwarfism, underscoring the
importance of these factors in promoting growth. These
hormones influence both somatic and skeletal growth.
During adolescence, androgens and estrogens have an
important influence on the growth spurt and final adult
height.

Sex. The pubertal growth spurt occurs earlier in girls.
However, theirmean height and weight in girls are usually
less than those in boys of corresponding ages at the time of
full maturity.

Nutrition. Growth of childrensuffering from protein-energy
malnutrition, anemia and vitamin deficiency states is
retarded. Calcium, iron, zinc, iodine and vitamins A and D
are closely related to disorders of growth and development
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Fig. 2.1: Proportion of children with stunting, underweight and wasting among children from birth to 5 yr. Reproduced with permission from Paul, et al.
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and their deficiency is associated with adverse health
events in childhood (see Chapter 7). On the other hand,
overeating and obesity accelerate somatic growth.

Infections. In low resource settings, one of the commonest
contributors to poor childhood growth are infections.
Persistent or recurrent diarrhea and respiratory tract
infections are common causes of growth impairment.
Systemicinfectionsand parasiticinfestationsmayalsoretard
the velocity of growth. The risk of stunting at 2 yr of age is
shown to increase with each episode of diarrhea and with
each day of diarrhea before 2 yr of age. It was alsoshown that
the attributable risk for stunting for 5 or more episodes of
diarrhea before 24 months of age was 25%.

Chemical agents. Administration of androgenic hormones
initially accelerates the skeletal growth. However,
androgens cause the epiphyses of bones to close
prematurely, leading to early cessation of bone growth.

Trauma. A fracture at the end of a bone may damage the
growing epiphysis, and thus hamper skeletal growth.

Social Factors

Socioeconomic level. Children from families with high
socioeconomic level usually have better nutritional state.
They suffer from fewer infections because of better nutrition
and hygienic living conditions.

Poverty. Hunger, undernutrition and infections, often
associated with poverty, cause poor growth.

Natural resources. Plentiful natural resources encourage
industrial and agricultural enterprise in the country.
Improved nutrition of children in the community is
facilitated whenthere is a climb in gross national product
and per capita income is high.

Climate. The velocity of growth may alter in different
seasons and is usually higher in spring and low in summer
months. Infections and infestations are common in hotand
humid climate. Weather also has a pivotal effect on
agricultural productivity, ready availability of food and
capacity for strenuous labor by the population.

Emotional factors. Children from broken homes and
orphanages do not grow and develop at an optimal rate.
Anxiety, insecurity and lack of emotional support and love
from the family prejudice the neurochemical regulation of
growth hormone release. Parents who had happy
childhood and carry a cheerful personality are more likely
to have children with similar countenance.

Cultural factors. Methods of child rearing and infant feeding
in the community are determined by cultural habits and
conventions. There may be religious taboos against
consumption of particular types of food. These affect the
nutritional state and growth performance of children.

Parental education. Mothers with more education are more
likely to adopt appropriate health promoting behaviors,

which have direct and indirect influences on growth and
development.

Consequences of Impaired Growth

Maternal and child undemnutrition are the underlying cause
of 3-5 million deaths annually and account for 35% of the
disease burden in children younger than 5 yr. It is estimated
that India has more than 61 million stunted children, that
amounts to 34% of the global total.

Several major disorders of later life, including coronary
heart disease, hypertension and type 2 diabetes, originate
from impaired intrauterine growth and development. These
diseases may be consequences of ‘programming’, whereby
a stimulus or insult at a critical, sensitive period of early
life has permanent effects on structure, physiology and
metabolism. The ‘fetal origins’ hypothesis (Barker
hypothesis) proposes that alterations in fetal nutrition and
endocrine status result in developmental adaptations that
permanently change structure, physiology and metabolism,
thereby predisposing individuals to cardiovascular,
metabolic and endocrine disease in adult life. As a result,
infants born with low birthweight have increased risk of
diabetes, hypertension, coronary artery disease and
hyperlipidemia in adult life.

Laws of Growth

Growth and development of children is a continuous
and orderly process Thereare specific periodsina child’s
life when the rate of growth is steady, accelerates or
decelerates (Table 2.1). Thefetusgrowsfastin the first half
of gestation. Thereafter, the rate of growth is slowed down
until the baby is born. In the early postnatal period the
velocity of growthis high, especially in the first few months.
Thereafter, there is slower but steady rate of growth during
mid-childhood. A second phase of accelerated growth
occurs at puberty. Growth decelerates thereafter for some
time and then ceases altogether. The general body growth

Table 2.1: Periods of growth

Prenatal period

Ovum 0 to 14 days of gestation
Embryo 14 days to 9 wks

Fetus 9 wks to birth

Perinatal period 22 wks to 7 days after birth

Postnatal period

Newborn First 4 wks after birth
Infancy First year

Toddler 1-3 yr

Preschool child 3-6 yr

School age child 6-12 yr

Adolescence

Early 10-13 yr

Middle 14-16 yr

Late 17-20 yr
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The open arrow heads indicate the third and 97th centile for peak height velocity for these individuals. Reprinted from J Pediatr 1985;107:317-29; with permission from Elsevier

is rapid during the fetal life, first one or two years of
postnatal life and also during puberty (Fig. 2.2). In the
intervening years of mid childhood, the somatic growth
velocity is relatively slowed down.

Growth pattern of every individual is unique Order of
growthis cephalocaudal and distal to proximal. During fetal
life, growth of head occurs before that of neck, and arms
grow before legs. Distal parts of the body such as hands
increase insizebefore upperarms. Inthepostnatallife, growth
of head slows down but limbs continue to grow rapidly.

Different tissues grow at different rates (Fig. 2.3)

Brain growth. The brain enlarges rapidly during the latter
months of fetallifeand early months of postnatal life. Atbirth,
the head size is about 65-70% of the expected head size in
adults. Itreaches 90% of theadulthead sizeby theage of 2 yr.
Thus, the fetal phase and the first two years are crucial
periodsforbraindevelopment. Later periodsare alsoimpor-
tant for acquiring neuromotor functions and cognitive
ability.

Growth of gonads. Gonadal growth is dormant during
childhood and becomes conspicuous during pubescence.

Lymphoid growth. The growth of lymphoid tissue is most
notable during mid-childhood. During this period, the

100%
Brain growth

100%
Somatic growth

8 12 2 8 12
Age in years Age in years
100% 100%
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Fig. 2.3: Rates of growth of different tissues and organs

lymphoid tissue is overgrown and its mass may appear to
be larger than that of the fully mature adult. A sign of
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accelerated lymphoid growthis the frequentfinding of large
tonsils and palpable lymph nodes in normal children
between 4 and 8 yr.

Growth of body fat and muscle mass. Body tissues can be
divided into fat and fat-free components. The lean body
mass includes muscle tissue, internal organs and skeleton
and contains only a small amount of fat. The growth in
leanbody mass is primarily due to increase in muscle mass.
Lean body mass correlates closely with stature. Taller
children have greater leanbody mass than shorter children
of the same age. After the pubertal growth spurt, boys have
greater lean body mass compared to girls. Body fat is the
storehouse of energy. It is primarily deposited in the sub-
cutaneous adipose tissue. Girls have more subcutaneous
adipose tissue than boys. Moreover, the sites and quantity
of adipose tissue differs in girls and boys. Girls tend to add
adipose tissue to breasts, buttocks, thighs and back of arms
during adolescence.

SOMATIC GROWTH
Skeletal Growth

Skeletal growth is a continuous process occurring during
the whole of childhood and adolescence. It is steady until
the pubertal growth spurt when it accelerates and
subsequently slows considerably. The skeleton is mature
once the epiphysis or growth plates at the end of long bones
fuse to the shaft or diaphysis. This occurs by about 18 yr in
girls and 20-22 yr in boys. The degree of skeletal maturation
closely correlates with the degree of sexual maturation. A
child who has advanced sexual maturity will also have
earlier skeletal maturation.

Skeletal maturation is assessed by noting the appearance
and fusion of epiphysis at the ends of long bones. Apart
from this, bone mineral density can be ascertained by dual
energy X-ray absorptiometry [DXA]. This method allows
assessment of bone mineral contentand density at different
ages.

Bone Age Estimation

Assessment of bone age postnatally is based on (i) number,
shape and size of epiphyseal centers and (ii) size, shape
and density of the ends of bones. Tanner and Whitehouse
described 8 to 9 stages of development of ossification
centers and gave them ‘maturity scoring’. Fifty percent of
the score was given for carpal bones, 20% for radius, ulna
and 30% for phalanges. Twenty ossification centers are
generally used for determining thebone age. These include:
(i) carpal bones, (ii) metacarpals, (iii) patella, (iv) distal and
proximal toes in both sexes; and (v) distal and middle
phalanges in boys and distal and proximal phalanges in
girls. Todetermine the skeletal age in infants between 3 and
9 months, a radiograph of shoulder is most helpful. A single
film of hands and wrists is adequate in children between
the ages of 1 and 13 yr. For children between 12 and 14 yr,
radiographs of elbow and hip give helpful clues.

Eruption of Teeth

Primary teeth. The teeth in the upper jaw erupt earlier than
those in the lower jaw, except for lower central incisors
and second molar (Table 2.2).

Permanent teeth. The order of eruptionis shown in Table 2.2.
The first molars are the first to erupt.

ASSESSMENT OF PHYSICAL GROWTH

Weight. The weight of the child in the nude or minimal
light clothing is recorded accurately on a lever or electronic
type of weighing scale (Fig. 2.4). Spring balances are less
accurate. The weighing scale should have a minimum unit
of 100 g. Itis important that child be placed in the middle of
weighing pan. The weighing scale should be corrected for
any zero error before measurement. Serial measurement
should be done on the same weighing scale.

Length. Length is recorded for children under 2 yr of age.
Hairpins are removed and braids undone. Bulky diapers
should be removed. The child is placed supine on a rigid

Table 2.2: Timing of dentition

Primary dentition

Time of eruption, months

Time of fall, years

Upper Lower Upper Lower
Central incisors 8-12 6-10 6-7 6-7
Lateral incisors 9-13 10-16 7-8 7-8
First molar 13-19 14-18 9-11 9-11
Canine 16-22 17-23 10-12 9-12
Second molar 25-33 23-31 10-12 10-12
Permanent teeth Time of eruption, years

Upper Lower Upper Lower
First molar 67 67 First premolar 10-11 10-12
Central incisors 7-8 6-7 Second premolar 10-12 10-12
Lateral incisors 8-9 7-8 Second molar 12-13 11-13
Canine 11-12 10-12 Third molar 17-21 17-21



Fig. 2.4: Beam scale for accurate measurement of weight. The child
should be nude or in minimal light clothing

measuring table or an infantometer. The head is held firmly
in position against a fixed upright head board by one
person. Legs are straightened, keeping feet at right angles
to legs, with toes pointing upward. The free foot board is
brought into firm contact with the child’s heels (Fig. 2.5).
Length of the baby is measured from a scale, whichis setin
the measuring table. Measurement of length of a child lying
on a mattress and/or using cloth tapes, is inaccurate and
notrecommended.

Fig. 2.5: Measurement of length on an infantometer. Note how the
knees are gently straightened while the head and feet are aligned

Standing height. For the standing height, the child stands
upright. Heels are slightly separated and the weightis borne
evenly on both feet. Heels, buttocks, shoulder blades and
back of head are brought in contact with a vertical surface
such as wall, height measuring rod or a stadiometer. The
head is so positioned that the child looks directly forwards
with Frankfort plane (the line joining floor of external
auditory meatus to the lower margin of orbit) and the
biauricular plane being horizontal. The head piece is kept
firmly over the head to compress the hair (Fig. 2.6).

Head circumference. Hair ornaments are removed and braids
undone. Using a nonstretchable tape, the maximum
circumference of thehead from the occipital protuberance
to the supraorbital ridges on the forehead is recorded. The
crossed tape method, using firm pressure to compress the

Fig. 2.6: Method of recording height. Note
the erect posture and the bare feet placed
flat on the ground. The back of heels,
buttocks, shoulders and occiput are
touching the wall

hair, is the preferred way to measure head circumference
(Fig.2.7).

Chest circumference. The chest circumference is measured at
the level of the nipples, midway between inspiration and
expiration. The crossed tape method, as recommended for
head circumference measurement, is used for measuring
chest circumference (Fig. 2.8).

Mid upper arm circumference. Tomeasure the mid upper arm
circumference, first mark a point midwaybetween the tip of
acromianprocess of scapulaand the olecranon of ulna, while
the child holds the left arm by his side (Fig. 2.9). Thereafter,
the crossed tape method is used for measuring the
circumference. It should beensured that the tapeisjust tight
enough toavoid any gap as well asavoid compression of soft
tissues.

Normal Growth

Itis difficult to precisely define thenormal pattern of growth.
Generally, it implies an average of readings obtained in a

Fig. 2.7: Method of recording
head circumference. Note the
crossed tape method
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Fig. 2.8: Method of measurement
of chest circumference at the level
of nipples

Fig. 2.9: Measurement of mid
upper arm circumference. Note
how the anatomical landmarks are
first located(arrows)to accurately
measure the circumference

group of healthy individuals, along with a permissible
rangeof variation, i.e. between the third and ninety-seventh
percentiles. Most healthy children maintain their growth
percentile on the growth charts as the years pass by.
Significant deviation in a child’s plotted position on the
growth chart can be due to a recent illness or over- or
undernutrition. It is also important to take into account the
gestation age of infants born prematurely. The duration of
prematurity is subtracted from the infant’s chronological
age. This correction, however, is not required after 2 yr of
age.

Weight. The average birthweight of neonates is about 3 kg.
During the first few days after birth, the newborn loses
extracellular fluid equivalent to about 10% of the body
weight. Most infants regain their birthweight by the age of
10 days. Subsequently, they gain weight at a rate of
approximately 25-30 g per day for the first3 months of life.
Thereafter, they gain about 400 g weight every month for
the remaining part of the first year. An infant usually
doubles his birthweight by the age of 5 months. The
birthweight triples at 1 yr and is four times at 2 yr of age.
Thus, theweightat 5 months, 1 yrand 2 yr is approximately
6,9 and 12 kg, respectively. The weight of a child at the age
of 3 yris approximately five times that of the birthweight.
At5yr, theexpected weight can be calculated by multiplying
the birthweight by 6, at 7 yr by 7 and at 10 yr by 10. It
follows that the expected weight at 3, 5, 7 and 10 yr is
approximately 15, 18, 21 and 30 kg, respectively. On an
average, a child gains about 2 kg every year between the
agesof 3and 7 yr,and 3 kg per year after that till the pubertal
growth spurt begins (Table 2.3).

Length or height. The infant measures approximately 50 cm
at birth, 60 cm at 3 months, 65 cm at 6 months 70 cm at 9
months, 75 cm at 1 yr and 90 cm at 2 yr. A normal Indian
child is 100 cm tall at the age of 4 yr. Thereafter, the child

Table 2.3: Approximate anthropometric values by age

Age Weight Length or  Head
(kg) height (cm)  circumference (cm)

Birth 3 50 34
6 months 6 (doubles) 65 43
1lyr 9 (triples) 75 46
2yr 12 (quadruples) 90 48
3yr 15 95 49
4yr 16 100 50

gainsabout6 cminheighteveryyear, until the age of 12 yr.
After this, increments inheight vary according to the age at
the onset of puberty. There is a marked acceleration of the
growthduring puberty.

Head circumference (HC). Head growth is rapid, especially
in the firsthalf of infancy. It reflects the braingrowth during
this period. The head growth slows considerably thereafter.
Beginning at 34 cm at birth, the head circumference
increases approximately 2 cm per month for first 3 month,
1 cm per month between 3-6 month and 0.5 cm per month
for the rest of the first year of life. The head circumference is
approximately 40 cm at 3 month, 43 cm at 6 month 4647
cmat1yr,48cmat2 yr. By 12 yritis 52 cm.

Chest circumference. The circumference of chestisabout3 cm
lessthanthehead circumference at birth. The circumference
of head and chest are almost equal by the age of 1 yr.
Thereafter, the chest circumference exceeds the head
circumference.

Body mass index (BMI). The formula to calculate BMI is
weight (kg) /height (meter)?. BMI s primarily used to assess
obesity. BMI at or above the 95th centile for age or more
than 30 kg/m?is obesity.

Growth Charts

If the growth measurements are recorded in a child over a
period of time and are plotted on a graph, the deviation in
the growth profile of the child from the normal pattern of
growth for that age can be easily interpreted. This is a
satisfactory tool to diagnose deviation of growth from
normal. Allowed normal range of variation in observations
is conventionally taken as values between 3rd and 97th
percentile curves. Percentile curves represent frequency
distribution curves. For example, 25th percentile for height
in a population would mean that height of 75% of
individuals is above and 24% are below this value. One
standard deviation (SD) above the mean coincides with
84th percentile curve. Likewise 16th percentile curve
represents one SD below the mean. Values between third
and 97th percentile curve correspond to mean + 2 SD.

Z scores: In a population with observations in a typical
Gaussian (normal) distribution, any individual value can
be expressed as how many SDs it lies above or below the
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mean. This is the Z score for that observation. Thus, if a
child’s weight is at 2 SD below the mean, it is equivalent to
-2 Z. If the value lies above the mean, Z score is positive,
otherwise it is negative. The formula for calculating the Z
score is:
Observed value — mean value

Standard deviation

Z score =

Z score allows comparison of different observations
between individuals. For example, one can compare the
height and weight of two individuals by obtaining the
respective Z scores.

Growth Standards

Growth standards represent norms of growth and can be
presented in tabular or graphical manner. These are
obtained by either cross-sectional or longitudinal studies
in large populations. Based on data obtained from US
children, the National Center for Health Statistics (NCHS)
developed growth charts in 1977. In the year 2000, revised
growth charts provided by CDC offered an improved tool
to assess child health. However, these charts were based
on data obtained from US children who were formula fed.

Sensing the need for more internationally applicable
growth standards, the WHO conducted the ‘Multicentre
Growth Reference Study’ (MGRS) and published new
growth charts for infants and children up to 5 yr of age in
2006. The MGRS was a community-based, multi-country
project conducted in Brazil, Ghana, India, Norway, Oman
and the United States. The children included in the study
were raised in environments that minimized constraints to
growth such as poor nutrition and infection. In addition,
their mothers followed healthy practices such as breast-
feeding their children and did not smoke during and after
pregnancy. These WHO child growth standards are unique
on several counts. They provide data on ‘how children
should grow’, and go beyond the traditional descriptive
references. The new standards make breastfeeding the
biological norm and establishes the breastfed infant as the
normative growth model. The pooled sample from the six
participating countries makes it a truly international
standard (in contrast to the previous international reference
based on children from a single country) and reiterates the
fact that child populations grow similarly across the
world’s major regions when their needs for health and care
are met. These standards also include new growth
indicators beyond height and weight that are particularly
useful for monitoring the increasing epidemic of childhood
obesity, such as skinfold thickness. The study’s
longitudinal nature further allows the development of
growth velocity standards, enabling the early identification
of under or overnourishment. Figures 2.10 to 2.19 provide
percentile curves for weight, length or height, weight for
height and head circumference for girls and boys up to 5 yr

of age based on WHO MGRS standards. Tables 2.4 to 2.8
summarize the data on length, weight and head
circumference for these children.

Growth standards are not available for children older
than 5 yr. In 2007, the WHO provided reference data for
growth in children and adolescents 5-19 yr of age
reconstructed from the reference data of 1977 National
Centre of Health Statistics (NCHS) using advanced
statistical methods. The original NCHS data set was based
on a cross-sectional survey of children from the United
States. Tables 2.9 to 2.11 summarize data on weight (5-10
yr), height (5-19 yr) and body mass index (5-19 yr), for
girls and boys, based on this data. Detailed growth charts
are available at www.who.int/growthref/en. As an
alternative, growth charts generated for Indian children by
Agarwal et al may be used. These curves, generated for
weight and height using information taken from affluent
Indian children in 1989-1991 are available at http:
//indianpediatrics.net/mar2007 /mar-187-197.htm.

Velocity of Growth

Plotting a child'sheightand weight on a growth chart helps
to determine if he or she is within the expected normal
range for his or her age. One time measurement, however,
does not indicate if the rate of growth of the child has been
normal in the recent past the position on the growth chart
becomes evidently abnormal only when the factors retar-
ding growth are profound or have persisted for along time.
On the other hand, serial measurements provide rate of
growth per unit time. Plotting growth velocity is useful tool
for early identification of factors affecting growth and also
for assessing utility of social and remedial measures.
Velocity of growth more accurately helpsin predicting the
ultimate adult height.

Growth Monitoring

The Indian Academy of Pediatrics has given guidelines to
monitor growth during childhood (Table 2.12). During
infancy the monitoring is conveniently done during visits
for vaccination. Later it can be integrated into visits for
vaccination, minorillnesses or intoschool health program.
During adolescence sexual maturity rating (SMR) staging
is an additional measure to be monitored.
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Table 2.12: Suggested growth monitoring in children of different ages

Age Height/length Weight

Birth v v
1%,3%,6,9, 15 mo v v

18 mo-3 yr v (6 monthly) v (6 monthly)
3.5-5.5 yr v (6 monthly) v (6 monthly)
6-8 yr v (6 monthly) v (6 monthly)
9-18 yr v (yearly) v (yearly)

Adapted from guidelines given by Indian Academy of Pediatrics (2006)

Head circumference Other

v
v

/(6 monthly)

BMI (yearly)
BMI and SMR (yearly)

BMI body mass index, SMR sexual maturity rating

DISORDERS OF GROWTH

Short Stature
Definition and Epidemiology

Short stature is defined as height below third centile or
more than 2 standard deviations (SDs) below the median
height for age and gender (<—2 SD) according to the
population standard. As is evident from the definition,
approximately 3% of children in any given populations
will be short. Children whose stature is more than 3 SD
below the population mean for age and gender
(<-3 SD) are more likely tobe suffering from pathological
short stature, as compared to those with stature between
-2 and -3 SD, who are more likely to be affected by
physiological, i.e. familial or constitutional short stature.

Etiology

Shortstature can be attributable to many causes(Table 2.13).
Undernutrition and chronic systemic illness are the
common etiological factors, followed by growth hormone
deficiency (GHD) and hypothyroidism.

Steps in Assessment

Accurate height measurement. For children below 2 yr, supine
length should be measured using an infantometer with a
rigid headboard on one side and a moveable footboard on
the other side, while holding the infant straight on the
horizontal board (see Fig. 2.5). For older children, height
should be measured with a stadiometer, as explained in
previous section (see Fig. 2.6).

Assessment of height velocity. Height velocity is the rate of
increase in height over a period of time expressed as
cm/year. The average height velocity is 25 cm/yr in the
first year, declines to 4-6 cm/yr in prepubertal children
between 4 and 9 yr of age and increases during puberty to
a peak height velocity of 10-12 cm/yr. If height velocity is
lower than expected forage, thechild is likely to be suffering
from a pathological cause of short stature.

Comparison with population norms. The height should be
plotted on appropriate growth charts and expressed in
centile or as standard deviation score.

Table 2.13: Causes of short stature
Physiological short stature or normal variant

Familial
Constitutional

Pathological

Undernutrition

Chronic systemic illness

Cerebral palsy

Congenital heart disease, cystic fibrosis, asthma

Malabsorption, e.g. celiac disease, chronic liver disease

Acquired immunodeficiency syndrome, other chronic
infections

Endocrine causes

Growth hormone deficiency, insensitivity

Hypothyroidism

Cushing syndrome

Pseudohypoparathyroidism

Precocious or delayed puberty

Psychosocial dwarfism

Children born small for gestational age

Skeletal dysplasias, e.g. achondroplasia, rickets

Genetic syndromes, e.g. Turner, Down syndrome

Comparison with child’s own genetic potential. Parents’ height
significantly affects the child’s height. Mid parental height
(MPH) gives an approximate estimate of the child’s
genetically determined potential.

Mother's + Father's height (cm)

MPH for boys = 3 +65cm
MPH for girls = Mother's + Fathzer s height (cm) .

This value is then plotted on the growth chart at
18-20 yr (adultequivalent) of age. This gives an estimate of
the target height for the child and the percentile that
he/sheis likely to follow.

Assessment of body proportion. Short stature can be propor-
tionate or disproportionate. The proportionality is assessed
by upper segment (US): lower segment (LS) ratio and
comparison of arm span with height. US can be measured
by taking the sitting height of the child. Child is made to sit
on a square stool placed against the vertical rod of the



stadiometer. The headboard is brought down to the vertex
similarly as for taking height. The height of the stool is
subtracted from the reading obtained to get sitting height.
LS can be obtained by subtracting US from height.
Alternatively, LS canbe measured by taking thelength from
pubic symphysis to the ground while the child is standing
erect. For measuring arm span, child is asked to stand
straight with both arms extended outwards parallel to the
ground. Length between the tips of the middle finger of the
outstretched hands is the arm span.

Normally, US : LS ratio is 1.7 at birth, 1.3 at 3 yr, 1.1 by
6yr,1by 10 yrand 0.9 in adults. Increase in US: LS ratio is
seen in rickets, achondroplasia and untreated congenital
hypothyroidism. Decrease in US : LS ratio is seen in
spondyloepiphyseal dysplasia and vertebral anomalies.
Arm span is shorter than length by 2.5 cm at birth, equals
height at 11 yr and thereafter is slightly (usually, <1 cm)
greater than height.

Sexual maturity rating (SMR). SMR stage should be assessed
inolder children (see Chapter 4). Height spurt isseen inearly
puberty in girlsand mid-puberty inboys. Precious puberty
can lead to early height spurt followed by premature
epiphyseal fusion and ultimate short stature. On the other
hand, delayed puberty can also present with shortstaturein
adolescents as the height spurtis also delayed.

Differential Diagnosis

Diagnosis is based on a detailed history, examination and
laboratory evaluation. Careful history and examination can
unravel many clues to the etiology of short stature (Tables
2.14 and 2.15). The investigative work up to be done is
guided by clues from history and physical examination.

Bone age assessment should be done in all children with
short stature. The appearance of various epiphyseal centers
and fusion of epiphyses with metaphyses tells about the

Table 2.14: Clues to etiology of short stature from history

History Etiology

Low birthweight Small for gestational age

Polyuria Chronic renal failure, renal
tubular acidosis
Chronic diarrhea, Malabsorption
greasy stools
Neonatal hypoglycemia, Hypopituitarism

jaundice, micropenis
Headache, vomiting,
visual problem

Pituitary or hypothalamic space
occupying lesion, e.g. cranio-
pharyngioma

Lethargy, constipation, =~ Hypothyroidism
weight gain

[nadequate dietary intake Undernutrition

Social history Psychosocial dwarfism

Delayed puberty in Constitutional delay of growth

parent(s) and puberty

Table 2.15: Clues to etiology of short stature from examination

Examination finding Etiology

Disproportion Skeletal dysplasia, rickets,
hypothyroidism
Dysmorphism Congenital syndromes
Pallor Chronic anemia, chronic renal
failure
Hypertension Chronic renal failure
Frontal bossing, Hypopituitarism
depressed nasal
bridge, crowded
teeth, small penis
Goiter, coarse skin Hypothyroidism

Central obesity, striae Cushing syndrome

skeletal maturity of the child. Bone age is conventionally
read from radiograph of thelefthand and wrist using either
Gruelich-Pyle atlas or Tanner-Whitehouse method. It gives
an idea as to what proportion of the adult height has been
achieved by the child and what is the remaining potential
for height gain. Bone age is delayed compared to
chronological age in almost all causes of short stature.
Exceptions to this are familial short stature, in which bone
age equals chronological age, and precocious puberty, in
which bone age exceeds chronological age. In case of
constitutional delay, undernutrition and systemic illness,
bone age is less than chronological age and corresponds to
height age. In cases of growth hormone deficiency and
hypothyroidism, bone age may be lower than height age if
the endocrine condition is diagnosed late.

In addition, all children with disproportionate short
stature require skeletal survey to rule out skeletal dysplasia
and rickets. Essential screening investigations that should
be done in all children with short stature are listed in
Table 2.16. If these investigations are normal and bone age
is delayed, level 2 investigations should be done. If these
investigations are also normal, then the major diagnostic
possibilities are growth hormone deficiency and
malabsorption. If the child has borderline short stature, i.e.
height between -2 and -3 SD, then it is prudent to wait for
6-12 months and observe for height velocity. On the other
hand, if the child is significantly short(<-3 SD) or has
documented poor height velocity over 6-12 months, one
should proceed to level 3 investigations.

Specific Etiologies

Familial short stature The child is short as per definition
(height <3rd centile) but is normal according to his own
genetic potential determined by the parents” height. These
children show catch-down growth between birth and 2 yr
of age, so that the height and weight come to lie on their
target (mid-parental) centiles by the age of 2 yr. Subsequently,
the growth velocity remains normal throughout childhood
and adolescence. The body proportion is appropriate and
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Table 2.16: Stepwise investigative work-up for short stature
Level 1 (essential) investigations

Complete hemogram with ESR

Bone age

Urinalysisincluding microscopy, osmolality and pH

Stool examination for parasites, steatorrhea and occult blood
Blood urea, creatinine, bicarbonate, pH, calcium, phosphate,
alkaline phosphatase, fasting glucose, albumin and trans-
aminases

Level 2 investigations

Serum thyroxin, thyroid stimulating hormone
Karyotype in girls (to rule out Turner syndrome)

Level 3 investigations

Celiac serology (antiendomysial, antitissue transglutaminase
antibodies)

Provocative growth hormone testing

Serum insulin-like growth factor-1, and insulin-like growth
factor binding protein-3 levels

MRI brain (focussed on pituitary and hypothalamus) for those
with low peak growth hormone levels

bone age equals the chronological age. Puberty is achieved
at appropriate age and final height is within their target
range (Fig. 2.20).

Constitutional growth delay These children are born
with a normal length and weight and grow normally for
the first 6-12 months of life. Their growth then shows a
deceleration so that the height and weight fall below the
3rd centile. By 3 yr of age, normal height velocity is resumed
and they continue to grow just below and parallel to the
3rd centile with a normal height velocity. The onset of
puberty and adolescent growth spurt is also delayed in
these children but final height is within normal limits. Bone
age is lower than chronological age and corresponds to the
height age. History of delayed puberty and delayed height
spurt is usually present in one or both parents. (Fig. 2.21).

Table 2.17 lists features that distinguish between these
two common causes of short stature.

Undernutrltion Stunted growth caused by chronic
undernutrition is one of the commonest cause for short
stature in our country. A detailed dietary history and
presence of other features of malnutrition such as low mid
upper arm circumference and low weightfor height suggest
the diagnosis.

Endocrine causes These are discussed in detail in
Chapter 17.

Skeletal dysplaslas Inborn errors in the formation of
cartilage and bone, cause chondrodysplasias or skeletal
dysplasias, inherited or sporadic conditions that are
usually associated with abnormal skeletal proportions and
severe short stature (except hypochondroplasia, where
growth retardation is mild). A careful elicitation of family

Date | Age

Status | Weight
|

1

Fig. 2.20: Growth chart of a girl with familial short stature. The child is
growing below and parallel to 3rd centile from early childhood till
adulthood, height velocity is normal, bone age (BA) corresponds to
chronological age and target height (range indicated by vertical bold
bar) is low

Table 2.17: Distinction between constitutional delay in growth
and familial short stature

Feature Constitutional Familial short
growth delay stature

Height Short Short

Height velocity = Normal Normal

Family history Delayed puberty Short stature

Bone age Less than Normal

chronological age
Puberty Delayed Normal
Final height Normal Low but normal

for target height

history, measurement of body proportions,examination of
the limbs and skull and skeletal survey are required for
diagnosis.

Geneticsyndromes Turmer syndrome, with an incidence
of 1:2000 live births, is a common cause of short stature in
girls and should be ruled out even if the typical phenotypic
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3
Fig. 2.21: Growth chart of a boy with constitutional delay of growth
and puberty. The child falls to a lower centile in early childhood, grows
below and parallel to 3rd centile in childhood, with an apparent
downward deviation of growth curve during the normal time of pubertal
growth, with later acceleration of growth and reaching target height
(range indicated by vertical bold bar). Bone age (BA) is lower than
chronological age by 2-3 yr

features are absent. Other syndromes associated with short
stature are Down, Prader-Willi, Russell-Silver and Seckel
syndromes.

Psychosocial dwarfism This condition, also known as
emotional deprivation dwarfism, maternal deprivation
dwarfism or hyperphagic short stature, is seen in children
in unhappy homes where the emotional needs of the child
are totally neglected. It is characterized by functional hypo-
pituitarism indicated by low IGF-1 levels and inadequate
response of GH to stimulation. Therapy with GH is
however, not beneficial. Good catchup growth is usually
seen when the child is placed in a less stressful environ-
ment and nurtured with love and affection.

Children born small for gestational age (SGA)
Birthweight below the 10th centile for gestational age can
be caused by maternal, placental or fetal factors. Most of

theseinfantsshow catchup growth by 2 yr ofage. However,
an estimated 20-30% of babies born SGA fail to show
catchup growth and remain short. Subtle defects in the
growth hormone and insulin like growth factor (GH-IGF)
axis are considered responsible for the short stature.

Management

The general principles of management for any child who
presents with short stature include counseling of parents
and dietary advice. Parents should be counseled to
highlight the positive aspects in child’s personality and
not put undue emphasis on stature. Intake of a balanced
diet containing the recommended amounts of macro- and
micronutrients should also be recommended. The specific
management depends on the underlying cause. For
physiological causes, reassurance and annual monitoring
of height and weight is sufficient. Dietary rehabilitation for
undernutrition and treatment of underlying condition such
as renal tubular acidosis or celiac disease are generally
associated with good catchup growth. With any form of
therapy, monitoring with regular and accurate recording
of height is mandatory for satisfactory outcome.

For skeletal dysplasias, limb lengthening procedures are
offered at few orthopedic centers. For hypothyroidism,
levothyroxine replacement is advised. For growth hormone
deficiency, treatment with daily subcutaneous injections
of GH is recommended. GH therapy is also approved for
several other conditions though the doses required are
generally higher and improvement in final height smaller
and more variable as compared to GH deficiency. Some of
these conditions are Turner syndrome, SGA with
inadequate catchup growth and chronic renal failure prior
to transplant.

Failure to Thrive

Definition and Epidemiology

Failure to thrive (FTT) is a descriptive term rather than
diagnosis and is used for infants and children up to 5 yr of
age whose physical growth is significantly less than their
peers of same age and sex. FTT usually refers to weight
below 3rd or 5th centile, failure to gain weight over a period
of time or a change in rate of growth that has crossed two
major centiles, e.g. 75th to 50th, over a period of time. The
prevalence of FTT varies according to the population
sampled.

Etiology

Traditionally FTT is classified as organic, where the child
has some known underlying medical condition, and non-
organic or psychosocial, where poor growth is the result of
inadequate caloric provision and oremotional deprivation.
Organic and nonorganic etiological factors may coexist,
e.g. in children with cerebral palsy or multiple congenital
anomalies. FTT is nonorganic in up to 80% of cases. The
common etiological factors are listed in Table 2.18.
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Table 2.18: Causes of failure to thrive
Organic causes

Gastrointestinal: Gastroesophageal reflux, malabsorption,
inflammatory bowel disease, pyloric stenosis

Neurological: Mental retardation, cerebral palsy

Renal: Renal tubular acidosis, chronic renal failure
Cardiopulmonary: Congenital heart disease, cystic fibrosis,
asthma

Endocrine: Hypothyroidism, diabetes mellitus

Infections: Chronic parasitic infections of gastrointestinal tract,
tuberculosis, human immunodeficiency virus

Genetic: Inborn errors of metabolism, chromosomal
anomalies

Miscellaneous: Lead poisoning, malignancy

Nonorganic causes

Poverty

Misperceptions or lack of knowledge about diet and feeding
Lack of breastfeeding, feeding diluted formulae
Dysfunctional parent child relationship

Clinical Features

These children present with poor growth, often associated
with poor development and cognitive functioning. The
degree of FTT is usually measured by calculating weight,
height and weight-for-height as percentage of the median
value for age based on appropriate growth charts
(Table 2.19).

Diagnosis

History, physicalexamination and observation of parent—
child interaction are important. Detailed laboratory
investigations are needed only if history and physical
examination suggest that an organic cause is responsible
for FTT and to localize the systems involved. For initial
evaluation the following investigations are adequate:
(i) complete blood count with ESR; (ii) urine and stool
microscopy and culture and (iii) renal and liver function
test and serum electrolytes. Weight gain in response to
adequate calorie feeding establishes the diagnosis of
psychosocial FTT.

Management

The goals of management are nutritional rehabilitation,
treatment of organic causes if present, and remedial
measures for psychosocial factors. Important indications
for hospitalization include: (i) severe malnutrition;

(ii) diagnostic and laboratory evaluation needed for organic
cause; (iii) lack of catch up growth during outpatient
treatment; and (iv) suspected child abuse or neglect. The
management of these patients depends on the underlying
cause. Nutritional rehabilitation is necessary.

Prognosis

If managed early and adequately, the prognosis for physical
growth recovery is good. However, the outlook for cognitive,
emotional and behavioral development is variable and less
certain. The growth and development of these child