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Preface to the Ninth Edition 

As we present the ninth edition of Essential Pediatrics, we are humbled by the role this textbook has played 
.t"\.. in imparting knowledge in child health to generations of doctors. Four decades ago, late Prof. OP Ghai 
foresaw the need for a textbook of pediatrics for medical students of the country and South Asia. Thereafter,. each 
new edition has attempted to present updated knowledge to an expanding group of undergraduate and 
postgraduate students. 

For India, the next three decades offer a never-before window of opportunity to accelerate its economic growth 
and emerge as a nation that would banish poverty forever, and attain heights of prosperity and well-beiI\.s:. We 
are transitioning through a demographic phase characterized by an exceptionally high young population 
constituting a workforce that is available for economic activity and nation-building. This demographic dividend 
can be realized only if children and adolescents are healthy, strong and intelligent. Pediatrics, the science and art 
of child healthcare, has thus acquired a new meaning and relevance in the context of new India. 

With Ayushman Bharat, the nation has committed itself to a comprehensive primary health S)"'$tem and to 
ensure financial protection for the vulnerable families in accessing care for children and adults alike. 
and promotive health and nutrition will gain further ground, and the agenda of health loss due to pneumonia .. 
diarrhea, other infections, complications of preterm birth and vaccine preYentable diseases would receive even 
more attention. Adolescent health and development will be increasingly important in the coming We are 
already witnessing an upsurge in demand for healthcare for chronic systemic diseases, developmental .. 
disabilities and childhood origins of adult diseases. The realization that children have the right to secondary and 
tertiary health care has stimulated the development of pediatric superspecialty programs. 

The present edition of Essential Pediatrics continues to respond to these developments. The book maintains its 
focus on undergraduate medical students. While we ensure that the 'must know' contents are thoroughly covered.. 
we provide a glimpse of the 'should know' curriculum. We have ensured that the size of the book enables it to be 
readable and handy enough for the classroom and the bedside-as Prof. Ghai always reminded Gh'en the 
emphasis on updated management of common childhood illnesses, primary care physicians and pediatricians 
would find the book useful. As before, there are strong sections on core areas that continue to serve the nt'('\.is o.f 

postgraduate students. 

A number of changes have been incorporated in this edition. We welcome new authors for chapters on disorders 
of development, central nervous system, micronutrients, otorhinolaryngology, poisoning and accidents, and 
integrated management of childhood illnesses. Most other chapters, especially on growth, nutritiOJ\, imnmnizatiOl\. 
malignancies, genetics, inborn errors of metabolism and infections, have been revised. The CBSiCentrnl App 
featuring illustrations, clinical photographs, tables and algorithms shall serve as a useful educ,1tional resource. 
The editors are grateful to all the contributing authors for their scholarly inputs and ensuring that the chapters 
continue to provide succinct and updated information, meeting the learning needs of students. 

We thank our undergraduate and postgraduate students for their suggestions on content. Dr Priyanka 
Khandelwal has helped during multiple stages of preparation, ensuring consistent style across Dr Aditl 
Sinha, Dr Biswaroop Chakrabarty and Dr Jitendra Meena read through several sections and made useful 
suggestions. 

We thank our colleagues at CBSP&D, Mr YN Arjuna and Ms Ritu Chawla, for ensuring the quality of pul"'llication 
of previous and the present editions. We gratefully acknowledge our colleagues at the AIIMS and other centers 
for contributing illustrations and the support of our secretaries, Mr Anil Bhutani and Mr Akhilesh Sharma. 

We whole-heartedly thank our readers for the trust, support and suggestions. 

Vlnod K Paul 

ANlndBagga 
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Chapter 

1 
............ ,. .... .... _. ·-- ··-- -· 

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 years of age. 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. A physician who 
specializes in the healthcare of children and adolescents 

is a pediatrician. 

Children under 15 years of age comprise about 30% of 
India's population. Childhood is the state when the human 
being is growing and developing. It is the age to acquire 
good habits, values and lifestyles that would make 
children fit, responsible and productive 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 face 
gender bias in access to and .nutnt10n. 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 are distinct. 

Clinical manifestations of childhood diseases be 
different from adults. Indeed, many disorders are unique 

to children-these do not occur in adults .. Drug 
. child ifi'c and not a mathematical derivation m ren are spec . . 
of adult dosages. Wholesome nutrih?n even more 
important for children not only to sustam hfe, but also to 

ensure their growth and development. 

PEDIATRICS AS A SPECIALITY 

p d. . . f . ting speciality. It encompasses care 
e iatr1cs is a ascma h d and adolescents 

of premature neonates on the one '. h b ch d 
on the other. The discipline of pediatrics as rant 
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. "alities (such as neona o ogy 
mto well-developed superspec1 ' 
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nephrology, pulmonology, infectious disease, critical care, 
neurology, hemato-oncology, endocrinology and 
cardiology). Pediatrics encompasses 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-the-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 speciality care must reach all children. 
Besides, an increasing body of knowledge on pediatric 
origins of non-communicable diseases of the adult is set 
to change the paradigm of child health. Primary 
prevention and early detection of adult disorders is an 
important goal of pediatrics. Adolescence offers second 
chance in life to shape good lifestyles and prepare for 
adulthood. 

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 US in 

the 19th century when some of the famous children 

hospitals were established. BJ 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 an independent subject in 
MBBS course in mid-nineties. The first DM program in 

neonatology started in 1989 at PGIMER, Chandigarh, 
followed by one in pediatric neurology at AIIMS in 2004. 

Half a dozen institutions in the country now run DM 

programs in various pediatric specialities that include 

nephrology, pulmonology, critical care, hematology­

oncology, oncology, cardiology and endocrinology. 
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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 26 million babies are born in India. This 
comprises 18% of the global birth cohort. Of the 
5.95 million under 5 child deaths in the world in 2015, 
1.20 million (20%) occurred in our country. Table 1.1 
provides the most recent figures on the key child mortality 
indices. 

At 39 per 1000 live births (2016), under 5 mortality in 
the country is unacceptably high given our stature as an 
economic, scientific and strategic power. Under 5 mortality 
rate (USMR) in Japan (3), UK (4), USA (7), Sri Lanka (10), 
China (11) and Brazil (16) 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. Almost 60% 
of under 5 deaths occur in the neonatal period ( <28 days 

Table 1.1: Child mortality indices in India in 2016 

Indices 

Under 5 mortality rate (U5MR) 

Infant mortality rate (IMR) 

Neonatal mortality rate (NMR) 

Rate 

39 per 1000 live births 

34 per 1000 live births 

24 per 1000 live births 

Early neonatal mortality rate (ENMR) 18 per 1000 live births 

Late neonatal mortality rate (LNMR) 06 per 1000 live births 

U5MR: 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 

NMA: 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 

LNMR: Number of deaths after completing 7 days of age but before 

28 days per 1000 live births 

of life), and the neonatal mortality (NMR) accounts for 

70% infant deaths. . . 

h b a Steady decline m child deaths. U5"-.n-. 
There as een 19 "U\ 

has declined by almost 9try0 and.2015 
from 126 to 43 per 1000 live birt s. e missed 
the Millennium Development Goal 4 of achieving D5MR 
of 

42 
b 2015 by just one number. Between 2000 and 2016, 

IMR Jeclined by 50%, while NMR. decreased by 45% 

(Fig. 1.l). The early neonatal mortality (deaths under 7 
days of life) has been less amenable to change. 

In 2016, there were 9.8 lakh under-5 deaths and 5.7 lakh 

neonatal deaths in the country. 
National programs focus generally ?n child deaths 

under the age of 5 years (under-5 The USMR, 
IMR and NMR targets enshrined m the National Health 

Policy 2017 are depicted in Table 1.2· 

Why do Children Ole? 
The eight important causes of under 5 0lldren 
in India (with % contribution) are: (1) complications of 
prematurity (24%), (ii) pneumoni: (13%), _(iii) 
infections (12%), (iv) diarrhea (11 Yo), (v) birth asphyxia 
(11 %), (vi) congenital malformations (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. Undemutrition 
is a critical underlying intermediate risk factor of child 
mortality, associated with about 45% of under 5 child 
deaths. Undernutrition causes stunting and wasting, 
predisposes to infections and is associated with adult 
disorders and low economic productivity. 

Rg. 1. 1: Trends In neonatal and Infant mortality, sample registration system. IMR Infant mortality rate; NMR neonatal mortall1Y rate 
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Pneumonia 13% 

Diarrhea 10% 

Meningitis 2% 

Malaria 1% 

Other 
disorders 14% 

Me"J"3% 

Other neonatal 5% 

/ 

.-- ---- - Noonolul 
pnourncmla 2% 

- Noonotol 
nopols ond 
111onlno1tln 10% 

NoCJnolol 
lnrocllontJ 12% 

- Protorm birth 
con1pllc11 11ona 24% 

Birth osphyxlo 11% 

Congenital molformallons 
4% 

Fig. 1.2: Causes of under-5 child deaths. The area to the right of the dotted line Indicates neonatal conditions 

!able 1 :2= Child mortality targets in the National Health Policy 2017 

Reduce Under Five Mortality Rate (U5MR) to 23 per 1000 live 
births by 2025 

Reduce Infant Mortality Rate (IMR) to 28 per 1000 live births 
by 2019. 

Reduce Neonatal Mortality Rate (NMR) to 16 per 1000 llve 
births by 2025 

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 Diarrhoeal Disease Control Programme 

was initiated in 1981 and Acute Respiratory Infections 
Control Programme in 1990. In 1992, India latmched the 
Child Survival and Safe Motherhood (CSSM) program 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 Programme. In phase 

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, deccntralisntion and 
demand-side il1terventions lo improve effectiveness of the 

programs. The RCH program was integrated into the 

NRHM, with prime focus on child and maternal health. 
Strategics include deployment of more than 900 000 

an incrense in AN Ms, nurses and doctors; setting 

up of village health and sanitation; s treng thened primary 
health cnre infras tructure; strengthened program 

management capacity, es tablishment of patient-welfare 
committees at faciliti es, and creation of emergency 
transport networks. 

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 pnckagcs under the RMNCH+A strategy and 
details nre shown in Table 1.3. · 

With the ndvent of the National Urban Health Mission, 

the NRHM is now called as National Health Mission 
(NHM). The roles of ASHA, A WW and ANM in maternal, 

newborn nnd child health in national programs are shown 
in Table 1.4. 

In 2014, the country launched India Newborn Action 
Pinn (INAP) which commits the country to siJ1gle digit 

D 
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Table 1.3: Summary at" maternal, newborn and child health services under NHM-

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 

Integrated management of common 

childhood illnesses 

Interventions 

Package 
Facility deliveries by skilled birth attendants 
Neonatal resuscitation (Navjat Shlshu Suraksha Karyakram that alms to train 

nurses and doctors in neonatal resuscitation) 

Essential newborn care (warmth, hygienic care, breastfeeding, extra care of 

small babies, sickness detection) 
Linkages to Facility-based Newborn Care for sick neonates 

Program drivers . 
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 mother and 

infants to free delivery, medicines I blood, diet, pickup and drop in government 

facilities 

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 

birth weight babies; detection of sickness, referral 

Interventions for mother 
Postpartum care and counselling for family planning 

Program driver 
ASHA paid Incentive for home care, birth weight record, birth registration 

and immunization (BCG, first dose OPV and pentavalent) 

Special Newborn Care Units (SNCUs) 

These specialized newborn units at district hospitals with specialised 

equipments including radiant warmers. These units have 12-16 beds with a 

staff of 3 physicians, 1 O nurses and 4 support staff to provide round the clock 

services for newborn requiring special care, such as those with very low 

birth weight, neonatal sepsis/pneumonia & common complications. 

Newborn Stab/ffzatlon Units (NBSUs) 

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 (NBCCs) 

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 driver 

Janani Shlshu Suraksha Karyakram (JSSK) that entitles the mother and 

Infants to free delivery, medicines/blood, diet, pickup and drop In government 
facilities 

Integrated Management of Neonatal and Childhood Illness (IMNCI) by ANMs 

and at first level facility (PHC) 

Facl/fty-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 

Program driver 

Jananl Shlshu Suraksha Karyakram (JSSK) that entities the Infants to free 
delivery, medicines/blood, diet, pickup and drop In government facilities 

Contd ... 
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Child health screening and early intervention 

services (Rashtriya Bal Swasthya Karyakram; RBSK) 

(BCG, polio, diphtheria, pertussis, tetanus, moaolo9 and hepatlllo 8) for all chlldron 

given push by Mission lndmdhanush to onsuro no ono lo loft bohlncJ 

Pentavalent (DPT, hepatitis B and hemophllus lnffuonzo 0) vaccine 

OPV supplementary doses admlnlstored on National lrnmunlzoilon Dayo 

Injectable pollo vaccine (IPV) 

MR (measles and rubella) vaccine 

Rotavlrus vaccine In selected states 

Pneumococcal vaccine Initiated In selected states 

Japanese encephalltls B vaccine In endemic districts; combined with routine 

Immunization 

Launched January 2013; child health screening and early lntorvontion sorvicos 

through mobile health teams at block level. 

Screening of all children (0-6 years' old) enrolled at least twico a year for 
30 disorders (40s). 

Defects (neural tube defect, Down syndrome, cleft llp/polato, club foot, 

dysplasia hip, congenital cataract or deafness, congenital hoart diseases 

and retinopathy of prematurity) 

Deficiencies (anemia, vitamin A deficiency, vitamin D deficiency, severe acute 

malnutrition and goiter) 

Diseases (skin conditions, otltls media, rheumatic heart d isease, reactive 

airway disease, dental caries and convulsions) 

Developmental delays and d/sabll/tles (vision or hearing Impairment, 

neuromotor impairment, motor delay, cognitive delay, language delay, 

behaviour disorder, learning disorders, attention deficit hyperactivity disorder) 

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

Free management of these children at district early Intervention centres or 

identified tertiary level Institutions 

CHC: Community health centre; PHC: Primary health centre; DH: District hospital; Further reading; State of India's Newborns 2014 

.Provider 

ASHA 
0

Accredited Social Health Activist 

AWW 
Anganwari Worker 

ANM 
0

Auxiliary Nurse Midwife 

Table 1.4: Roles of grassroots team in child health 

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 and post-partum mothers 

Facilitating immunization 

Promoting complementary feeding 

Primary care in diarrhea and pneumonia 

Health education 

Providing nutrition supplement to pregnant mother and children 

Facilitating antenatal checks and immunization 

Promoting infant and young child feeding 

Growth monitoring of children 

Supplementary nutrition to children 

Managing malnourished children 

Non-formal pre-school education 

Facilitating antenatal checks and care of pregnant mothers 

Immunization 

Supervising ASHA and AWW in newborn and child care 

Providing IMNCI services for neonates and children 

Antenatal checks 

Health education 

The government also revamped the adolescent namely, the Rashtrlya Klshore Swasthya Karyakram with focus on nutrition, 
sexual and reproductive health, mental health, prevention of injuries and violence and prevention of substance misuse and addressing non· 

communicable disease. 
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NMR and stillbirth rate by 2030 and lays down strategies 
to achieve these targets. 

Mission Indradhanush, launched in 2014, is a national 
immunization drive to attain 90% coverage of 7 vaccines 
(BCG, polio, diphtheria, pertussis, tetanus, measles and 
hepatitis B) by 2020. 

Since 2014, the government also observes the 
Intensified Diarrhea Control Fortnight (IDCF) in June/ 
July to intensify efforts to reduce child deaths due to 
diarrhoea. Through this initiative, mass awareness about 
prevention and treatment of diarrhea with a combination 
of Oral Rehydration Salt (ORS) solution and zinc tablets 
is created. 

A new program, namely Home-based Care of Young 
Child (HBYC), will be introduced in 2018. This encompasses 
3 monthly home visits by ASHA workers from 3 months to 
15 months of age. The program aims to ensure introduction 
of complementary feed at 6 months of age with adequate 
nutritional intake with increasing age, continuing breast 
feeding; counselling for immunization, and early care 
seeking in diarrhea and pnewnonia; growth monitoring 
and care of undernourished child; early childhood 
development; and to ensure hygiene and sanitation. 

All these efforts coupled with overall socio-economic 
development are paying good dividends. India has 
attained institutional delivery rate of over 80%, a 
remarkable jwnp from just 39% a decade ago. In 2015-16, 

full immunization coverage (BCG, OPV, DPT, measles) 
was 62% and use ORS for diarrhea reached 51 % (compared 
to 44% and 26% in 2005-06, respectively). 

FUTURE OF CHILD HEALTH -

N 
. · ddressing child health challenges With The ahon lS a 

d nus. m than ever before. Investments are being 
greater yna Ith te tr th 
made for health programs and hea sys ms eng ening. 

L
'k · mplete conditional cash transfers and 
1 ew1se, co . d 

entitlements are enshrined to stimulate emand for 
maternal, newborn and child healthcare. The country is 

· head with stronger economy and accelerated 
surgmg a . al . t th 
development. Child health and surv1v lS a e core of 
the National Health Policy 2017 as well as country's 
commitments for the Sustainable Development Goals 
(SDGs). Ayushman Bharat initiative of the government 
announced in 2018 encompasses strengthening of primary 
health care by developing and 

centres, and by providin? !or 
hospitalizations for 100 m1lhon (::>00 m1lhon 
persons). The latter will enable families to 
in-patient care for pediatric and 
Bharat mission will help reduce ill health. India 1s poised 
to attain low child mortality rate, and improve remar¥.ably 
the health and nutrition status of her children in near future. 
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Growth 

Growth is an essential feature that distinguishes a child 
from an adult. 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 two different facets of the dynamics of 
change, i.e. those of quantity and quality. 

The term growth denotes a net increase 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 a lesser extent to the 
process of growth. 

Development specifies maturation 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 latter half of pregnancy and early childhood, there is 
also an increase in cell size. This manifests as an increase 
in the protein to DNA ratio. The cell size enlarge 
until about 10 years of age. The body cells a state 
of dynamic equilibrium; hence aging cells are 
replaced by new cells. The rate of turnover of cells m 

different tissues is variable. 

FACTORS AFFECTING GROWTH 

Fetal Growth 

Fetal growth is influenced primarily by 
maternal factors. In humans, 40% of vanahon in . e ir -
Weight · d t netic factors while the rest 1s due to 

. 1S ue 0 ge f h n inherent growth 
environmental factors. The etus as a . 
potential d under normal circumstances, grows into a 

h 
' an . . d born. The maternal­

. ealthy appropriate size new 
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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 an 
important role in regulating tissue accretion and 
differentiation in the fetus . Both hormones are required for 
normal growth and development, particularly during late 
gestation. Glucocorticoids also play an important role, 
primarily towards the end of gestation and influence the 

1:1aturation of organs such as liver, lungs and 
Growth hormone, though present in 

high levels m fetus, 1s not known to influence fetal growth. 

Fetal growth factors: A large number of growth factors 
are synthesized locally in fetal tissues, and act principally 

?Y paracrine mechanisms. Their prime effect 
IS on cell d1v1s1on, though they also influence other aspects 
of tissue growth. These factors can be both growth 
promoting or inhibitory. The insulin like growth factor 
(IGF)-1 and IGF-Il are among t.he most extensively studied 
fetal growth factors. 

Pl11ce11t11l factors: As in most species, fetal weight directly 
correlates with placental weight at term. Fetal growth is 
highly dependent on the structural and ftmctional integrity 
of the placenta. With advancing gestation, the weight of the 
placenta increases to enter to the increased needs of the baby. 
There are important functional and structural dlanges in 
the placenta that make this adaptation more efficient. 11\e 
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. 
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Matenial 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 

I 
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 postnatal life 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. 

Intrauterine growth restriction (IUGR): IUGR resulting in 
low birth weight (LBW) constitutes an important risk factor 
for postnatal malnutrition and poor growth. LBW increases 
the odds of underweight, stunting and wasting in the first 
5 years of life by 3 to 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 years, LBW accounts for 16-21 % 

of wasting, 8-16% of stunting and 16-19% of underweight. 
Almost one-third and one-fifth of infants have wasting and 
stunting, respectively, even at birth (Fig. 2.1). 

During early infancy, exclusive breastfeeding provides 

d tr·t· vents infections and protects the a equate nu 1 ion, pre 3--
. f t f further undernourishment. However, at 5 
m an s ram · th inf 
months, the common practice of supplementing . e :mts 
with animal milk increases morbidity due to infections 

leading to underweight and stunting. 
complementary feeding practices (starting too using 
too little and very less calorie dense foods) along poor 
hygiene lead to a further rise in rates of underweight and 

stunting. 

Honnonal influence: Normal growth cannot proceed without 
the right milieu of hormones in the body throughout 
childhood and adolescence. Absence of growth hormone or 

thyroxine results in dwarfism, underscorin? the importance 
of these factors in promoting 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, their mean height and weight in girls are usually 
less than those in boys of corresponding ages at the time of 

full maturity. 

Nutrition: Growth of children suffering 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. 
On the other hand, overeating and obesity accelerate 
somatic growth. 

Infections: In low resource settings, one of the commonest 
contributors to poor childhood growth is infections. 
Persistent or recurrent diarrhea and respiratory tract 
infections are common causes of growth impairment. 
Systemic infections and parasitic infestations may also retard 
the velocity of growth. The risk of stunting at 2 years of age is 
shown to increase with each episode of diarrhea and with 
each day of diarrhea before 2 years of age. It was also shown 

that the attributable risk for stunting for 5 or more episodes of 
diarrhea before 24 months of age was 25%. 

: 1 

40 I I I II \_ ! , 111 \1 11 J. 
-30 . }µi 1 u _blr<--:-

1 

! 20 1 UJ\.rr· - J I 1 I 1 11 11 ; I • 

10

. ,Y I ,_ I ,_ i i 1 I 
0 ll.'-'-........_._._,__._.__._,'-_._.T. I + ""'r'!"·!· Ll u 1 ' 

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 
Age In months 

Fig .. 2.1: Proportion of children with stunting, underweight and wasting from birth to 5 years. ReprOduced With permission from Poul, 
et al. Lancet 2011 :377:332-49 
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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. 

A at the end of a bone may damage the 
growmg ep1physis, and thus hamper skeletal growth. 

Social Factors 

level: Children from families with high 
soc1oecononuc 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. ' 

resources: Plentiful natural resources encourage 
mdustnal and agricultural enterprise in the country. 

nutrition of children in the community is 
facilitated when there 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 hot and 
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 undemutrition is the underlying cause 
of 3-5 million deaths annually and accounts for 35% of the 
disease burden in children younger than 5 years. 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 "Developmental Origins of Health 

and Diseases; DOHaD; 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 birth weight have increased risk of diabetes, 
hypertension, coronary artery disease and hyperlipidemia 
in adult life. 

Laws of Growth 

Growth and development of children is a contin11011s and 
orderly process: There are specific periods in a child's life 
when the rate of growth is steady, accelerates or decelerates 
(Table 2.1). The fetus grows fast in 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 
growth is high, especially in the first a 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 
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 
growth is 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 

increase in size before upper arms. In the postnatal 
life, growth of head slows down but limbs continue to grow 
rapidly. 

Table 2.1 :. Periods of groWth -

Prenatal period 

Ovum 

Embryo 

Fetus 

Perinatal period 

Postnatal period 

Newborn 

Infant 

Toddler 

Preschool child 

School age child 

·' Adolescence 

Early 

Middle 

Late 

Oto 2 weeks 

3 to 8 weeks 

9 weeks to birth 

22 weeks to 7 days after birth 

First 4 weeks after birth 

Birth to <12 months 

(neonate: Birth to 28 days; 

post-neonate: 29 days to <1 year) 
1 year to 36 months 

37-72 months 

73 months-12 years 

10-13 years 

14-16 years 

17-20 years 

I 
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a 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 
Age, years 

23 

22 

1 2 

11 
21 I 

20 • I 
- I 

10 j 
10 

17 

97lh ond 3rd cenlll•• 

b 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

Age, years 

Fig. 2.2: Normal height velocl1Y (a) girls and (b) boys according to age. Curves for height veloc11Y at 50th centile for early and late 
maturers are also depicted. The open arrow heads Indicate the 3rd and 97th centlle for peak height veloci1Y for these indMduals. 
Reprinted from J Pedlatr 1985; 107:317-29; with permission from Elsevier 

Different tissues grow at different rates (Fig. 2.3) 

Brain growth: The brain enlarges rapidly during the latter 
months of fetallifeandearlymonthsofpostnatallife.Atbirth, 
the head size is about 65-70% of the expected head size in 
adults. It reaches 90% of the adult head size by the age of 2 

years. Thus, the fetal phase and the first two years are crucial 

periods for brain development. Later periods are also impor­
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 

lymphoid tissue is overgrown and its mass may appear to 
be larger than that of the fully mature adult. A sign of 
accelerated lymphoid growth is the frequent finding of large 

tonsils and palpable lymph nodes in normal children 

between 4 and 8 years. 

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 
lean body mass is primarily' due to increase in muscle mass. 

Brain growth 

2 8 12 

2 

Age In years 

8 
Age In years 

12 

8 12 
Age in years 

100% 

Gonadal growth 

2 8 
Age In years 

12 

Fig. 2.3: Rates of growth of different tissues and organs 

Lean body mass correlates closely with stature. Taller 
children have greater lean body 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 

--
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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 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 

_to the shaft or diaphysis. This occurs by about 18 years 

m girls and 20-22 years in boys. The degree of skeletal 
maturation closely correlates with the degree of sexual 

A chi.Id 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 content and 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 the bone 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. To determine the skeletal age in infants between 3 and 

9 months, a radiograph of shoulder is most helpful. A single I 
film of hands and wrists is adequate in children between 

the ages of 1 and 13 years. For children between 12 and 

14 years, 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 eruption is 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 Jess 
accurate. It is important that child be placed in the middle 

of weighing pan. The weighing scale should be corrected 

Fig. 2.4: Beam scale for accurate measurement of weight. The 
child should be nude or In m inima! clothing 

, __ .. ...... , ... _ ---·--- ---- --
Table· 2.i:· Timing of dentition r _. ... :._.. .. , · · 1 . · · . . , .. t 

: '"' .. . . 
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 

r, 

Upper Lower . Upper Lower .. -
' . . 

First molar 6-7 6-7 First premolar 10-11 10-12 
Central incisors 7-8 , 6-7 Second premolar 10-12 10-12 
Lateral , . 8-9 

I 7-8 Second molar 12-13 11-13 
Canine 11-12 10-12 Third molar 17-21 17-21 ' . . 
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for nny zero error before mensurcment. Serial measurement 

should be done on the same weighing scale. The weight of 

n smnll baby can be recorded with the mother I care 

giver using n tared weighing scale (Panel 1). 

Panel 1: Steps In weighing a baby using a digital scale with 
taring faclllty (Fig. 2.5) 

1. Use the tared weighing method to weigh children who 
cannot stand on the weighing scale 

2. Place the weighing scale on a flat, hard, and even surface. 

3. Babies should be weighed naked or with minimal clothing. 

4. Ask the mother/caregiver to stand In the middle of the scale 

(without footwear), feet slightly apart and to remain still. 

5. With the mother/caregiver still standing on the scale, press 
the tare button. 

6. The scale Is tarred when the display shows the number 

zero (whlle mother/caregiver is still standing on the scale). 

7. Handover the baby to the mother 

8. Record the baby's weight that appears on the display. 

Note: If the mother Is very heavy (e.g. 100 kg), then a lighter 

person should hold the baby on the tared scale. 

Reference: World Health Organization. Training Course on Child Growth 

Assessment. Geneva, WHO, 2008. 

1. Take mother's weight 2. Tare the scale 3. The machine 
shows child's 

weight 

Fig. 2.5: Weighing a small child with mother on a weighing 

scale with taring facility 

Lc11gtll: Length is recorded for children under 2 years of 

age. Hairpins are removed and braids undone. Bulky 

diapers should be removed. The child is placed supine on 

a rigid measuring table or an infantometer. The head is 

held firmly in position against a fixed upright headboard 

by one person. Legs are straightened, keeping feet at right 

angles to legs, with toes pointing upward. The free 

footbonrd is brought into firm contact with the child's heels 

(Fig. 2.6). Length of the baby is measured from a scale, which 

is set in the measuring table. Measurement of length of a 

child lying on a mattress and/or using cloth tapes, is 

inaccurate and not recommended (Panel 2). 

Panel 2: Steps In measuring length (Fig. 2.6) 

1. Place the child on his back on a clean length board (use a 

clean cloth to make the board comfortable) 

2. Ensure that the head Is In firm contact with the headboard 

h t the child is looking straight up 
3. Position the head such t a 

1 
auditory meatus and the lower 

(the line joining the to the board 

border of the eyeball is p . should be in touch with the 

4. The shoulders and the be gently straightened. 

board and the kneelds bs to ensure that the feet are 
5. The footboard shou e 

firmly against it. .. 
h · th'is pos1t1on. 

6 Measure the lengt m . 
• 1 'th newborns, their knees may not 

Note: Be very ? wi 'ble to position both knees 
straighten fully. If it is not . . ' 
then measure with one leg m pos1t1on. 

I h 0 nlzation Training Course on Child Growth 
Reference: World Heat rga · 
Assessment. Geneva, WHO, 200B. 

Fig. 2.6: Measurement of length on an lnfantometer. Note how 

the knees are gently straightened while the head and feet are 

aligned 

Standing lieiglit: For the standing height, the child stands 

upright. Heels are slightly separated and the weight is 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 the root of external auditory 

meatus to the lowermarginoforbit) and the biauriatlarplane 

being horizontal. The head piece is kept firmly over the head 

to compress the hair (Fig. 2.7 and Panel 3). 

Panel 3: Steps in measuring standing height (Fig. 2.7) 

1. The child's footwear and any hair tie-up should be removed. 

2. The child should stand on the height board with the back of 

the head, shoulders, buttocks, calves, and heels touching 
the vertical board. 

3. Position the head such that the child is looking straight 

ahead (the line joining the external auditory meatus and 
the lower border of the eyeball should be parallel to the 
floor) 

4. With the child still in this position, the headboard is gently 
pulled down to rest firmly on the head. 

5. Measure the length in this position. 

Reference: World Health Organization. Training Course on Child Growth 
Assessment. Geneva, WHO, 2008. 

Head circumference: Hair ornaments are removed and braids 

undone. Using a nonstretchable tape, the maximulll 

circumference of the head from the occipital protuberance 

to the supraorbital ridges on the forehead is recorded 
(Fig. 2.8). 
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Fig. 2.7: Method of recording height. 
Note the erect posture and the bare feet 
placed flat on the ground. The back. of 
heels, buttocks, shoulders and occlput 
ore touching the wall 

Fig. 2.8: Method of recording 
head circumference 

Cliest drcunrference: The chest circumference is measured 

at the level of the nipples, midway between inspiration 

and expiration (Fig. 2.9). 

Mid-ttpper ann cire11nrference: To measuring the mid-upper 
arm circumference, first mark a point midway between the 

tip of acromian process of scapula and the olecranon of ulna, 
whilethechildholdstheleftarmbyhisside(Fig.210).Itshould 

be ensured that the tape is just tight enough to avoid any gap 

as well as avoid compression of soft tissues. 

Nonnal Growth 

It is difficult to precisely define the normal_Pattem 
Generally, it implies an average of 

group of healthy individuals, with pemuss1ble 

range of variation, ie. between the third .and_ runetr-seventh 
percentiles. Most healthy children mamtam their growth 

percentile on the growth charts as the pass by. 
Significant deviation in a child's plotted position on the 

growth chart can be due to a recent illness or over- or 

Ag. 2.9: Method of measure­
ment of chest circumference 

at the level of nipples 

Fig. 2.1 O: Measurement of mid­

upper arm circumference. 

Note how the anatomical 

landmarks ore first located 

(arrows) to accurately measure 
the circumference 

undemutrition. It is also important to take into account the 

gestational 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 years 

of age. 

Weight: The average birth weight of neonates is about 3 kg. 

During the first a few days after birth, the newborn loses 

extracellular fluid equivalent to about 10% of the body weight. 

Most infants regain their birth weight by the age of 10 days. 

Subsequently, they gain weight at a rate of approximately 
20-40 g per day for the first 3 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 birth weight 

by the age of S months. The birth weight triples at 1 year and 

is four times at 2 years of age. Thus, the weight at S months, 

1 year and 2 years is approximately 6, 9 and 12 kg, 

respectively. The weight of a child at the age of 3 years is 

approximately five times that of the birth weight. At S years, 

the expected weight can be calculated by multiplying the 

birth weight by 6, at 7 years by 7 and at 10 years by 10. It 
follows that the expected weight at 3, 5, 7 and 10 years is 

approximately 15, 18, 21 and 30 kg, respectively. On an 

average, a child gains about 2 kg every year between the 

ages of 3 and 7 years, and 3 kg per year after that till the 

pubertal growth spurt begins (Table 2.3). 

Table 2.3: Ai)proximate anthropometric values ·by -ag·e 

Age Weight {kg) Length or Head circum-

height {cm) ference {cm) 

Birth 3 50 34 

6 months 6 (doubles) 65 43 

1 year 9 (triples) 75 46 

2 years 12 (quadruples) 90 48 

3 years 15 95 49 

4 years 16 100 50 

I 



Lengt1z or heig1tt: 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 year and 90 cm at 2 years. A normal 
Indian child is 100 cm tall at the age of 4 years. Thereafter, 
the child gains about 6 cm in height every year, until the 
age of 12 years. After this, increments in height vary 
according to the age at the onset of puberty. There is a 
marked acceleration of the growth during puberty. 

Head circumference (HC): Head growth is rapid, especially 
in the first half of infancy. It reflects the brain growth 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 months, 
1 cm per month between 3 and 6 months and 0.5 cm per 
month for the rest of the first year of life. The head 
circumference is approximately 40 cm at 3 months, 43 cm 
at 6 months, 46-47cmat1year,48 cm at 2 years. By 12 years, 
it is 52 cm. 

Chest circumference: The circumference of chest is about 
3 cm less than the head circumference at birth. The 
circumference of head and chest are almost equal by the 
age of 1 year. Thereafter, the chest circumference exceeds 
the head circumference. 

Body mass index (BMI): The formula to calculate BMI is 
weight (kg) /height (meter)2

• BMI is primarily used to assess 
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 
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-scoreis: 

Z 
· Observed value - mean value 

-score= -----------
Standard deviation 

·son of different observations 
one can compare the 

between or individuals by obtaining the 
height and weight 0 two 

respective z-scores. 

Growth Standards 

Growth standards represent nor.ms of growth and can 

d 
· t bular or graphical manner. These are 

be presente m a 1 1 'tud" I t d' 
obtained by either cross-sectiona or ongi . ma s u ies 
. 

1 
lations Based on data obtamed from US 

m arge popu · H 1 h S . . 
children, the National Center ea t tahshcs 
(NCHS) developed growth charts m 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 years 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 environment that minimized constraints to growth such 

as poor nutrition and infection. In addition, their mothers 

followed healthy practices such as breastfeeding 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 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 and reiterates the 

that c:J:illd populations grow similarly across the world's 
maior regions when their needs for heal th and care are met. 

Th.ese also include new growth indicators beyond 

and ':eight that are particularly useful for monitoring 
the mcreasmg epidemic of childhood b "t has 
kinf ld thi kn o esi y, sue 

s 0 c ess. The study's longitudinal nature further 
allows the development of growth 1 . d d 

bl
. . ve ocity stan ar s, 

ena mg the early identification f d r· · hin F' o un er or ove 
noUflS. ent. igures 2·11to2.20 provide percentile curves 

weight, length height, weight for height and head 
circumference for girls and boys up t 5 f b ed 

WHO MGRS o years o age as 
odnt 

1 
gth Tables 2.4 to 2.8 summarize the 

a a on en , weight and h d . 
childr 

ea circumference for these 
en. 

Growth standards _are not available for children older 

years. The Indian Academy of Pedia tries (IAP) has 
provided updated growth charts for children 5 to 18 vears, 

based on data from 33148 children (Table 2.9 and 'Z.lO). 
The charts can also be downloaded fr h tp· 11· • d · orgl 
R · d AP om t .11zapm 111. 

evzse -I -Growth-Charts-2015.php. 
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Fig. 2.11: Weight-for-age (girls) from birth to 5 years (percentiles) 

Fig. 2.12: Weight-for-age (boys) from birth to 5 years (percentiles) 
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Fig. 2.13: Height-for-age (girts) from birth to 5 years (percentiles) 

fig. 2.14: Height-for-age (boys) from birth to 5 years (percentiles) 

___ ·- - --
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Fig. 2.15: Weight-for-length (girls) from birth to 2 years (percentiles) 

Fig. 2.16: Weight-for-length (boys) from birth to 2 years (percentiles) 
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WHO: MGR 

Fig. 2.17: Weight-for-height (girls) from 2 to 5 years (percentiles) 

Fig. 2. l 8: Weight-tor-height (boys) from 2 to 5 years (percentiles) 



Growth 19 

i 

- - ,_ - - I 071h 
(1) - - - - - - - - - - r.:- ,,,,., ,.._. 

----- --
,_,_ -- -;-,__ --1--

_,_ -·--- -r- - - - - - - ....... .... _ 
- - - , __ 

I _,_ 
, __ 

- -·-,_ -1--I--·+ ,_,__ >- ,__ 

ID G ' 
1- 1- - - - ,,;.to---- .---cl: I -- - --- .... ·-_ ... ......... I- - - - - ,_,_ -- .... 
>- - ,__ -- I- - ;;.- ........ ,_ ,_,_ ----- + ... ,,.,, 

lD I .c':: -+ ... + + - 1- - - '11 
i;o -- - 1- - 1- -!-'- - -

Jrd ..,_ I + I 

t!1 I -- ' 

,__ , __ ,_ 
i I -- I - -, -

,C! - .,,, {. ........ : _t_ + 
,_ ... -..-- I-+ -+- ,... -

t •;i.;; ,,.. _ - --- - I'"- ...-i::- - ·-
, __ 

- 1- 1- - 1- - --·- - --_,_,_ 

ci 
1-- - - I 

,,. 
1 - -- - - -

J 

' --+ I _,_ _ -K!> 
I "" I -

_ ,_ 
I 

--1 / 1- - Vt j- .... ..... 1 I I - - -!- I- I - -m I 1 

-rt-, {_ t- y -- -+ - - , __ 
>- - - - - - - --I- - I- - -- - - + - ,__ -t- 1-- - - - - - -

__ ,_ "'"'1 

v I I I I I . ,., 
I 

iCl ' I ' I I I --
[ I 

£!) 
I'/ .t I I I I -

,f/ 't! 1+ -I L I - I I I - - - - - -I 
, __ - - -

I I 

ill 
v I I ". , 

- >-!- + + -H + -I I- - I I - - -- µ 
( - - -·-- - - - - - _,_ ,_ ,_ --- - - --

H+ - 1- --H- - 1-1- -- - 1- + I- - - - - - + - - ,_ -! 
l!J 

I I m I I I I I I I I I 

' ' I I ' I 
I I I I I I I I 

rn I I I I I ' I I ra + +- H- I I 
I I 

0 ( J 
IJ 

( I uu i.i u IJ ' t u IJ u :J IJ J ll 
: ' ... 

!ol'' L.:..I. -·"" ' : H : • & 'l' : . 11l• " 111•11il iTH WHO: ,. MGRS 

Fig. 2.19: Head circumference (girls) from birth to 5 years (percentiles) 

Fig. 2.20: Head circumference (boys) from birth to 5 years (percentiles) 
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58 
59 
60 
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Table 2.4: Weight-for-age and length/height-for-age In glrls 0-5 years of 0 t19 

Weight-for-age, -kg · - -- - --- Lsngth·lor·s{;JtJ, cnt 

-3SD 

2.0 
2.7 
3.4 
4.0 
4.4 
4.8 
5.1 
5.3 
5.6 
5.8 
5.9 
6.1 
6.3 
6.4 
6.6 
6.7 
6.9 
7.0 
7.2 
7.3 
7.5 
7.6 
7 .8 
7.9 
8.1 

-2 SD -1 SD Median 1 SD 2 SD 3 SD -3 SD -2 SD -1 SD Median 

2.4 2.8 3.2 3.7 4.2 4.8 43.6 45.4 47.3 4S.; 
3.2 3.6 4.2 4.8 5.5 6.2 47.8 49.8 51.7 63. 
3.9 4.5 5.1 5.8 6.6 7.5 51.0 53.0 55.0 57 .1 
4.5 5.2 5.8 6.6 7.5 8.5 53.5 55.6 57.7 

5.o 5.7 6.4 7.3 8.2 9.3 55.6 57.8 59.9 
5.4 6.1 6.9 7.8 8.8 10.0 57.4 59.6 61.8 6 . 
5.7 6.5 7.3 8.2 9.3 10.6 58.9 61.2 63.5 65.7 
6.0 6.8 7.6 8.6 9.8 11.1 60.3 62.7 65.0 67.3 
6.3 7.0 7.9 9.0 10.2 11.6 61.7 64.0 66.4 68.7 
6.5 7.3 8.2 9.3 10.5 12.0 62.9 65.3 67.7 70.1 
6.7 7.5 8.5 9.6 10.9 12.4 64.1 66.5 69.0 71 .5 
6.9 1.1 8.1 9.9 11.2 12.8 65.2 61.1 10.3 12.a 
7.0 7.9 8.9 10.1 11 .5 13.1 66.3 68.9 71.4 74.0 
7.2 8.1 9.2 10.4 11.8 13.5 67.3 70.0 72.6 75.2 
7.4 8.3 9.4 10.6 12.1 13.8 68.3 71.0 73.7 76.4 
7.6 8.5 9.6 10.9 12.4 14.1 69.3 72.0 74.8 77.5 
7.7 8.7 9.8 11.1 12.6 14.5 70.2 73.0 75.8 78.6 
7.9 8.9 10.0 11.4 12.9 14.8 71.1 74.0 76.8 79.7 
8.1 9.1 10.2 11 .6 13.2 15.1 72.0 74.9 77.8 80.7 
8.2 9.2 10.4 11 .8 13.5 15.4 72.8 75.8 78.8 81.7 
8.4 9.4 10.6 12.1 13.7 15.7 73.7 76.7 79.7 82.7 
8.6 9.6 10.9 12.3 14.0 16.0 74.5 77.5 80.6 83.7 
8.1 9.8 11.1 12.5 14.3 16.4 75.2 10.4 01.5 84.e 
8 .9 10.0 11 .3 12.8 14.6 16. 7 76.0 79.2 82.3 85.5 
9.0 10.2 11.5 13.0 14.8 17.0 76.7 80.0 83.2 86.4 

Weight-for-age, kg 

8.2 9.2 
8.4 9 .4 
8.5 9.5 
8.6 9.7 
8.8 9.8 
8.9 10.0 
9.0 10.1 
9.1 10.3 
9.3 10.4 
9.4 10.5 
9.5 10.7 
9.6 10.8 
9.7 10.9 
9.8 11.1 
9.9 11.2 

10.1 11 .3 
10.2 11 .5 
10.3 11 .6 
10.4 11.7 
10.5 11 .8 
10.6 12.0 
10.7 12.1 
10.8 12.2 
10.9 12.3 
11.0 12.4 
11.1 12.6 
11.2 12.7 
11.3 12.8 
11.4 12.9 
11.5 13.0 
11.6 13.2 
11.7 13.3 
11.8 13.4 
11.9 13.5 
12.0 13.6 
12.1 13.7 

10.3 
10.5 
10.7 
10.9 
11.1 
11.2 
11.4 
11.6 
11.7 
11.9 
12.0 
12.2 
12.4 
12.5 
12.7 
12.8 
13.0 
13.1 
13.3 
13.4 
13.6 
13.7 
13.9 
14.0 
14.2 
14.3 
14.5 
14.6 
14.8 
14.9 
15.1 
15.2 
15.3 
15.5 
15.6 
15.8 

11.7 
11.9 
12. 1 
12.3 
12.5 
12.7 
12.9 
13.1 
13.3 
13.5 
13.7 
13.9 
14.0 
14.2 
14.4 
14.6 
14.8 
15.0 
15.2 
15.3 
15.5 
15.7 
15.9 
16.1 
16.3 

16.4 
16.6 
16.8 
17.0 
17.2 
17.3 
17.5 
17.7 
17.9 
18.0 
18.2 

13.3 
13.5 
13.7 
14.0 
14.2 
14.4 
14.7 
14.9 
15.1 
15.4 
15.6 
15.8 
16.0 
16.3 
16.5 
16.7 
16.9 
17.2 
17.4 
17.6 
17.8 
18.1 
18.3 
18.5 
18.8 

19.0 
19.2 
19.4 
19.7 
19.9 
20.1 
20.3 
20.6 
20.8 
21.0 
21.2 

15.1 
15.4 
15.7 
16.0 
16.2 
16.5 
16.8 
17.1 
17.3 
17.6 
17.9 
18.1 
18.4 
18.7 
19.0 
19.2 
19.5 
19.8 
20.1 
20.4 
20.7 
20.9 
21 .2 
21 .5 
21.8 
22.1 
22.4 
22.6 
22.9 
23.2 

23.5 
23.8 
24.1 
24.4 
24.6 
24.9 

17.3 
17.7 
18.0 
18.3 
18.7 
19.0 
19.3 
19.6 
20.0 
20.3 
20.6 
20.9 
21 .3 
21.6 
22.0 
22.3 
22.7 
23.0 
23.4 
23.7 
24.1 
24.5 
24.8 
25.2 
25.5 
25.9 
26.3 
26.6 
27.0 
27.4 
27.7 
28.1 

28.5 
28.8 
29.2 
29.5 

76.0 
76.8 
77.5 
78.1 
78.8 
79.5 
80.1 
80.7 
81 .3 
81 .9 
82.5 
83.1 
83.6 
84.2 
84.7 
85.3 
85.8 
86.3 
86.8 
87.4 
87.9 
88.4 
88.9 
89.3 
89.8 
90.3 
90.7 
91.2 
91 .7 
92.1 
92.6 

93.0 
93.4 
93.9 
94.3 
94.7 
95.2 

Height-for-age, om 

79.3 
80.0 
80.8 
81.5 
82.2 
82.9 
83.6 
84.3 
84.9 
85.6 
86.2 
86.8 
87.4 
88.0 
88.6 
89.2 
89.8 
90.4 
90.9 
91 .5 
92.0 
92.5 
93.1 
93.6 
94.1 

94.6 
95.1 
95.6 
96.1 
96.6 
97.1 
97.6 
98.1 
98.5 
99.0 
99.5 
99.9 

82.5 
83.3 
84.1 
84.9 
85.7 
86.4 
87.1 
87.9 
88.6 
89.3 
89.9 
90.6 
91.2 
91 .9 
92.5 
93.1 

93.8 
94.4 
95.0 
95.6 
98.2 
98.7 
97.3 
97.9 
98.4 
99.0 
99.5 

100.1 
100.6 
101.1 
101 .6 
102.2 
102.7 
103.2 
103.7 
104.2 
104.7 

85.7 
86.6 
87.4 
88.3 
89.1 
89.9 
90.7 
91.4 
92.2 
92.9 
93.6 
94.4 

95.1 
95.7 
96.4 
97.1 
97.7 
98.4 
99.0 
99.7 

100.3 
100.9 
101.5 
102.1 
102.7 
103.3 
103.9 
104.5 
105.0 
105.0 
106.2 
106.7 
107.3 
107.8 
108.4 
108.9 
109.4 

1 !][J 

51.0 
55.6 

61.'1 
S4.3 
66.2 
68.0 

69.6 
71,1 
12.a 
73.9 
7S.3 

76.S 
77.8 

79.1 
80.2 
01.4 
82.5 
83.6 
84.7 
65.7 
06.7 
07.7 
80.7 
89.6 

88.9 
89.9 
90.8 
91.7 
92.5 
93.4 

94.2 
95.0 
95.8 
96.6 
97.4 

90.1 
98.9 
99.6 

100.3 
101 .0 
101.7 
102.4 
103.1 
103.8 
104.5 
105.1 
105.8 
106.4 
107.0 
107.7 
108.3 
108.0 
100.5 
110.1 
110.7 
111.3 
111.0 
112.5 
113.0 
113.6 
114.2 

280 

!51.(;) 
fH,1 

M.CJ 
oa.4 
fj(J ,(J 

"/0.3 
{1Jj 

1:J.5 
15.0 
70.4 
71.0 
'10.2 
eo.5 
81.7 
S3.0 
04.2 
8$,4 

06.5 
Bi.G 

08.i 
09.8 

90.lJ 
01.9 
92.9 

92.2 
93.1 
04.1 
05.0 
96.0 
99.9 
07.7 
oa.o 
00.4 

100.3 
101.1 
101 .0 
102.7 
103.4 

105.0 
105.7 
106.4 
107.2 
107 .0 
100.G 
109.3 
110.0 
110.7 
111.3 
112.0 
112.7 
113.3 
114.0 
114.6 
115.2 
115.9 
116.5 
117.1 
117.7 
118.3 
110.9 

tJ l:Jl) 

EH.1 
M.5 

M,1 
fi(J ,(j 

1().1 
n.!J 

15.IJ 
71A 

81.1 

lJ4.4 
85.'l 
fJ1.(J 
M.2 
(J(J.4 

90.() 

91.7 
02.9 
f.M .O 
95.(J 
06.1 

9!1.4 
OOA 
91.4 
98.4 
00.4 

100.3 
101.3 

103.1 

104.(l 

10&.£ 
1 OG.5 
107.3 

10fU 
10B.9 
109.7 
110.r, 
111.2 
112.0 
112.7 
1 HJ,!; 
114.2 
114.0 
115.7 
110A 
117.1 
117.7 
110A 
110. I 
1Hl.8 
120.4 
121.1 
121.fJ 
122A 
123.1 
123.7 
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Table 2.5: Weight-for-age and length/height-for-age In boys 0-5 years of age 

Months Welght·for-ago, kg Longth·for-age, cm 
-3SD -2SD -1 SD Modlnn 1 SD 250 350 -3SD -2SD - tSD Median 1 SD 2SD 3SD 

0 2.1 2.5 2.9 3.3 3.9 4.4 5.0 44.2 48.1 48.0 49.9 51 .8 53.7 55.6 ., 

I 
1 2.9 3.4 3.9 4.5 5.1 5.8 6.6 48.9 60.8 52.8 54.7 56.7 58.6 60.6 2 3.8 4.3 4.9 5.6 6.3 7.1 8.0 52.4 54.4 56,4 56.4 60.4 62.4 64.4 3 4.4 5.0 5.7 6.4 7.2 8.0 9.0 55.3 57.3 59.4 61.4 63.5 65.5 67.6 l 4 4.9 5.6 6.2 7.0 7.8 8.7 9.7 57.6 59.7 61 .8 63.9 66.0 68.0 70.1 5 5.3 6.0 6.7 7.5 8.4 9.3 10.4 59.6 61.7 63.8 65.9 68.0 70.1 72.2 6 5.7 6.4 7. 1 7.9 8.8 9.8 10.9 61 .2 63.3 65.5 67.6 69.8 71 .9 74.0 7 5.9 6.7 7.4 8.3 9.2 10.3 11 .4 62.7 64.8 67.0 69.2 71 .3 73.5 75.7 8 6.2 6.9 7.7 8.6 9.6 10.7 11.9 64.0 66.2 68.4 70.6 72.8 75.0 77.2 9 6.4 7.1 8.0 8.9 9.9 11 .0 12.3 65.2 67.5 69.7 72.0 74.2 76.5 78.7 10 6.6 7.4 8.2 9.2 10.2 11.4 12.7 66.4 68.7 71 .0 73.3 75.6 77.9 80.1 11 6.8 7.6 8.4 9.4 10.5 11 .7 13.0 67.6 69.9 72.2 74.5 76.9 79.2 81.5 12 6.9 7.7 8.6 9.6 10.8 12.0 13.3 68.6 71 .0 73.4 75.7 78.1 80.5 82.9 13 7.1 7.9 8.8 9.9 11.0 12.3 13.7 69.6 72.1 74.5 76.9 79.3 81.8 84.2 14 7.2 8.1 9.0 10.1 11.3 12.6 14.0 70.6 73.1 75.6 78.0 80.5 83.0 85.5 15 7.4 8.3 9.2 10.3 11.5 12.8 14.3 71 .6 74.1 76.6 79.1 81.7 84.2 86.7 16 7.5 8.4 9.4 10.5 11.7 13.1 14.6 72.5 75.0 77.6 80.2 82.8 85.4 88.0 17 7.7 8.6 9.6 10.7 12.0 13.4 14.9 73.3 76.0 78.6 81.2 83.9 86.5 89.2 18 7.8 8.8 9.8 10.9 12.2 13.7 15.3 74.2 76.9 79.6 82.3 85.0 87.7 90.4 19 8.0 8.9 10.0 11.1 12.5 13.9 15.6 75.0 77.7 80.5 83.2 86.0 88.8 91 .5 20 8.1 9.1 10.1 11.3 12.7 14.2 15.9 75.8 78.6 81 .4 84.2 87.0 89.8 92.6 21 8.2 9.2 10.3 11 .5 12.9 14.5 16.2 76.5 79.4 82.3 85.1 88.0 90.9 93.8 22 8.4 9 .4 10.5 11.8 13.2 14.7 16.5 77.2 80.2 83.1 86.0 89.0 91 .9 94.9 23 8.5 9.5 10.7 12.0 13.4 15.0 16.8 78.0 81 .0 83.9 86.9 89.9 92.9 95.9 24 8.6 9.7 10.8 12.2 13.6 15.3 17.1 78.7 81.7 84.8 87.8 90.9 93.9 97.0 

Weight-for-age, kg 
Height-for-age, cm 

24 
78.0 81 .0 64.1 87.1 90.2 93.2 96.3 25 8.8 9.8 11.0 12.4 13.9 15.5 17.5 78.6 81 .7 84.9 88.0 91 .1 94.2 97.3 26 8.9 10.0 11.2 12.5 14.1 15.8 17.8 79.3 82.5 85.6 88.8 92.0 95.2 98.3 27 9.0 10.1 11 .3 12.7 14.3 16.1 18.1 79.9 83.1 86.4 89.6 92.9 96.1 99.3 28 9.1 10.2 11 .5 12.9 14.5 16.3 18.4 80.5 83.8 87.1 90.4 93.7 97.0 100.3 29 9.2 10.4 11 .7 13.1 14.8 16.6 18.7 81.1 84.5 87.8 91 .2 94.5 97.9 101.2 30 9.4 10.5 11.8 13.3 15.0 16.9 19.0 81.7 85.1 88.5 91.9 95.3 98.7 102.1 31 9.5 10.7 12.0 13.5 15.2 17.1 19.3 82.3 85.7 89.2 92.7 96.1 99.6 103.0 32 9.6 10.8 12. 1 13.7 15.4 17.4 19.6 82.8 86.4 89.9 93.4 96.9 100.4 103.9 33 9.7 10.9 12.3 13.8 15.6 17.6 19.9 83.4 86.9 90.5 94.1 97.6 101 .2 104.8 34 9.8 11.0 12.4 14.0 15.8 17.8 20.2 83.9 87.5 91.1 94.8 98.4 102.0 105.6 35 9.9 11.2 12.6 14.2 16.0 18.1 20.4 84.4 88.1 91.8 95.4 99.1 102.7 106.4 36 10.0 11.3 12.7 14.3 16.2 18.3 20.7 85.0 88.7 92.4 96.1 99.8 103.5 107.2 37 10.1 11 .4 12.9 14.5 16.4 18.6 21.0 85.5 89.2 93.0 96.7 100.5 104.2 108.0 38 10.2 11.5 13.0 14.7 16.6 18.8 21.3 86.0 89.8 93.6 97.4 101.2 105.0 108.8 39 10.3 11.6 13.1 14.8 16.8 19.0 21.6 86.5 90.3 94.2 98.0 101 .8 105.7 109.5 40 10.4 11.8 13.3 15.0 17.0 19.3 21.9 87.0 90.9 94.7 98.6 102.5 106.4 110.3 41 10.5 11.9 13.4 15.2 17.2 19.5 22.1 87.5 91.4 95.3 99.2 103.2 107.1 111.0 42 10.6 12.0 13.6 15.3 17.4 19.7 22.4 88.0 91.9 95.9 99.9 103.8 107.8 111.7 43 10.7 12.1 13.7 15.5 17.6 20.0 22.7 88.4 92.4 96.4 100.4 104.5 108.5 112.5 44 10.8 12.2 13.8 15.7 17.8 20.2 23.0 88.9 93.0 97.0 101.0 105.1 109.1 113.2 45 10.9 12.4 14.0 15.8 18.0 20.5 23.3 89.4 93.5 97.5 101.6 105.7 109.8 113.9 46 11.0 12.5 14.1 16.0 18.2 20.7 23.6 89.8 94.0 98.1 102.2 106.3 110.4 114.6 47 11.1 12.6 14.3 16.2 18.4 20.9 23.9 90.3 94.4 98.6 102.8 106.9 111 .1 115.2 48 11.2 12.7 14.4 16.3 18.6 21.2 24.2 90.7 94.9 99.1 103.3 107.5 111.7 115.9 49 11.3 12.8 14.5 16.5 18.8 21.4 24.5 91.2 95.4 99.7 103.9 108.1 112.4 116.6 50 11.4 12.9 14.7 16.7 19.0 21 .7 24.8 91.6 95.9 100.2 104.4 108.7 113.0 117.3 51 11.5 13.1 14.8 16.B 19.2 21.9 25.1 92.1 96.4 100.7 105.0 109.3 113.6 117.9 52 11 .6 13.2 15.0 17.0 19.4 22.2 25.4 92.5 96.9 101.2 105.6 109.9 114.2 118.6 53 11 .7 13.3 15.1 17.2 19.6 22.4 25.7 93.0 97.4 101 .7 106.1 110.5 114.9 119.2 54 

11.8 13.4 15.2 17.3 19.8 22.7 26.0 93.4 97.8 102.3 106.7 111.1 115.5 119.9 55 
11.9 13.5 15.4 17.5 20.0 22.9 26.3 93.9 98.3 102.8 107.2 111.7 116.1 120.6 56 
12.0 13.6 15.5 17.7 20.2 23.2 26.6 94.3 98.8 103.3 107.8 112.3 116.7 121 .2 57 
12.1 13.7 15.6 17.8 20.4 23.4 26.9 94.7 99.3 103.8 108.3 112.8 117.4 121.9 58 
12.2 13.8 15.8 18.0 20.6 23.7 27.2 95.2 99.7 104.3 108.9 113.4 118.0 122.6 I 

59 
12.3 14.0 15.9 18.2 20.8 23.9 27.6 95.6 100.2 104.8 109.4 114.0 118.6 123.2 I 

so 
12.4 14.1 16.0 __ 18.3 21 .0 24.2 27.9 96.1 100.7 105.3 110.0 114.6 119.2 123.9 I 
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I 
Length 

(cm) -3SD 

45.0 1.9 
45.5 2.0 
46.0 2.0 
46.5 2.1 
47.0 2.2 
47.5 2 .2 
48.0 2.3 
48.5 2.4 
49.0 2.4 
49.5 2.5 
50.0 2.6 
50.5 2.7 
51.0 2.8 
51.5 2.8 
52.0 2.9 
52.5 3.0 
53.0 3.1 
53.5 3.2 
54.0 3.3 
54.5 3.4 
55.0 3.5 
55.5 3.6 
56.0 3.7 
56.5 3.8 
57.0 3.9 
57.5 4.0 
58.0 4.1 
58.5 4.2 
59.0 4.3 
59.5 4.4 
60.0 4 .5 
60.5 4 .6 
61.0 4.7 
61 .5 4.8 
62.0 4.9 
62.5 5.0 

,63.0 5 .1 
63.5 5.2 
64.0 5.3 
64.5 5.4 
65.0 5.5 
65.5 5.5 
66.0 5.6 
66.5 5.7 
67.0 5.8 
67.5 5.9 
68.0 6.0 
68.5 6.1 
69.0 6.1 
69.5 6.2 
70.0 6.3 
70.5 6.4 
71.0 6.5 
71.5 6.5 

:12.0 6.6 
72.5 6.7 
73.0 6 .8 
73.5 6.9 
74.0 6.9 
74.5 7.0 
75.0 7.1 
75.5. 7.1 
76.0 7.2 
76.5 7.3 
77.0 7.4 

-2SD 

2.1 
2.1 
2.2 
2.3 
2.4 
2.4 
2.5 

2.6 
2.6 
2.7 
2.8 
2.9 
3.0 
3.1 
3 .2 
3 .3 
3.4 
3 .5 

3 .6 
3 .7 
3.8 
3.9 
4.0 
4.1 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 
5.0 
5.1 
5.2 

5 .3 
5.4 

5.5 
5.6 
5.7 
5.8 
5.9 
6 .0 
6.1 
6.2 
6.3 
6.4 
6 .5 
6.6 
6.7 
6.8 
6.9 
6.9 
7.0 
7.1 
7.2 
7.3 
7.4 
7.4 
7.5 
7.6 
7.7 
7.8 
7.8 
7.9 
8.0 

Table 2.GA: Weight-for-length/height (kg) in girls and boys 0-5 years of age ) 
8 Weight (kg) Girls Length Weight (kg ;;

0 -1 SD Median 1 SD 2 SD 3 SD (cm) -3 SD -2 SD -1 SD Median 

2.3 2.5 2.7 3.0 3.3 I 45.0 1.9 2.0 2.2 
2.3 2.5 2.8 3.1 3.4 : 45.5 1.9 2.1 2.3 2' 6 

;:; 2: 
2.6 2.8 3.1 3.4 3.7 47.0 2.1 2.3 2.5 2. 
2.6 2.9 3 .2 3.5 3.8 47.5 2.2 2.4 2.6 2.9 
2.7 3.0 3.3 3 .6 4.0 . 48.0 2.3 2.5 2.7 2.9 
2.8 3.1 3.4 3.7 4.1 I 48.5 2.3 2.6 2.8 3.0 
2.9 3.2 3 .5 3.8 4.2 49.0 2.4 2.6 2.9 3.1 
3.0 3.3 3.6 3.9 4.3 . 49.5 2.5 2.7 3.0 3.2 

3.1 3.4 3. 7 4.0 4.5 50.0 2.6 2.8 3.0 3.3 
3.2 3.5 3.8 4.2 4.6 50.5 2.7 2.9 3.1 3.4 
3.3 3.6 3.9 4.3 4.8 51.0 2.7 3.0 3 .2 3.5 
3.4 3.7 4.0 4.4 4.9 51.5 2.8 3.1 3.3 3.6 
3.5 3.8 4.2 4.6 5.1 52.0 2.9 3.2 3.5 3.8 
3.6 3.9 4.3 4.7 5.2 52.5 3.0 3.3 3.6 3.9 
3.7 4.0 4.4 4.9 5.4 53.0 3.1 3.4 3.7 4.0 
3 .8 4.2 4.6 5.0 5.5 53.5 3.2 3 .5 3.8 4.1 
3 .9 4.3 4.7 5.2 5.7 54.0 3.3 3.6 3.9 4.3 
4 .0 4.4 4.8 5.3 5.9 54.5 3.4 3.7 4.0 4.4 
4 .2 4.5 5.0 5.5 6.1 55.0 3.6 3.8 4.2 4.5 
4 .3 4.7 5.1 5.7 6.3 55.5 3.7 4.0 4.3 4.7 
4.4 4.8 5.3 5.8 6.4 56.0 3.8 4.1 4.4 4.8 
4.5 5.0 5.4 6.0 6.6 56.5 3.9 4.2 4.6 5.0 
4.6 5.1 5.6 6.1 6.8 57.0 4.0 4.3 4.7 5.1 
4.8 5.2 5.7 6.3 7.0 57.5 4.1 4.5 4.9 5.3 
4.9 5.4 5.9 6.5 7.1 58.0 4.3 4.6 5.0 5.4 
5.0 5.5 6.0 6.6 7.3 58.5 4.4 4.7 5.1 5.6 
5.1 5.6 6.2 6.8 7.5 59.0 4.5 4.8 5.3 5.7 
5.3 5.7 6.3 6.9 7.7 59.5 4.6 5.0 5.4 5.9 
5.4 5.9 6 .4 7.1 7.8 60.0 4.7 5.1 5.5 6.0 
5.5 6.0 6 .6 7.3 8.0 60.5 4.8 5 .2 5.6 6.1 
5 .6 6.1 6 .7 7.4 8.2 61.0 4.9 5.3 5.8 6.3 
5.7 6.3 6.9 7.6 8.4 61.5 5.0 5.4 5.9 6.4 
5.8 6.4 7.0 7.7 8.5 62.0 5.1 5.6 6.0 6.5 
5.9 6.5 7.1 7.8 8.7 62.5 5.2 5.7 6.1 6.7 
6.0 6.6 7.3 8.0 8.8 63.0 5.3 5.8 6.2 6.8 
6.2 6.7 7.4 8.1 9.0 63.5 5.4 5.9 6.4 6.9 
6.3 6.9 7 .5 8.3 9.1 64.0 5.5 6.0 6.5 7.0 
6.4 7.0 7.6 8.4 9.3 64.5 5.6 6.1 6.6 7 .1 
6.5 7.1 7.8 8.6 9.5 65.0 5.7 6.2 6.7 7.3 
6.6 7.2 7.9 8.7 9.6 65.5 5.8 6.3 6.8 7.4 
6.7 7.3 8.0 8.8 9.8 66.0 5.9 6.4 6.9 7.5 
6.8 7.4 8.1 9.0 9.9 66.5 6.0 6.5 7.0 7.6 
6.9 7.5 8.3 9.1 10.0 67.0 6.1 6.6 7.1 7.7 
7.0 7.6 8.4 9.2 10.2 67.5 6.2 6.7 7.2 7.9 
7.1 7.7 8.5 9.4 10.3 68.0 6.3 6.8 7.3 8.0 
7.2 7.9 8.6 9.5 10.5 68.5 6.4 6.9 7.5 8.1 
7.3 8.0 8.7 9.6 10.6 69.0 6.5 7.0 7.6 8.2 
7.4 8.1 8.8 9.7 10.7 69.5 6.6 7.1 7.7 8.3 
7.5 8.2 9.0 9.9 10.9 70.0 6.6 7.2 7.8 8.4 
7 .6 8.3 9.1 10.0 11.0 70.5 6.7 7.3 7.9 8.5 
7.7 8.4 9.2 10.1 11.1 71.0 6.8 7.4 8.0 8.6 
7.7 8.5 9.3 10.2 11 .3 71.5 6.9 7.5 8.1 8.8 
7.8 8.6 9.4 10.3 11 .4 72.0 7.0 7.6 8.2 8 .9 
7 .9 8.7 9.5 10.5 11.5 72.5 7.1 7.6 8.3 9.0 
8.0 8.8 9.6 10.6 11.7 73.0 7.2 7.7 8.4 9.1 
8.1 8.9 9.7 10.7 11 .8 73.5 7.2 7.8 8.5 9 .2 
8.2 9.0 9.8 10.8 11.9 74.0 7.3 7.9 8.6 9.3 
8.3 9.1 9.9 10.9 12.0 ' 74.5 7.4 8.0 8.7 9.4 
8.4 9.1 10.0 11 .0 12.2 75.0 7.5 8.1 8.8 9.5 
8.5 9.2 10.1 11.1 12.3 75.5 7.6 8.2 8.8 9.6 
8.5 9.3 10.2 11.2 12.4 . 76.0 7.6 8.3 8.9 9.7 
8.6 9.4 10.3 11.4 12.5 l 76.5 • 7.7 8.3 9.0 9.8 
8.7 9.5 10.4 11.5 12.6 77.0 7.8 8.4 9.1 9.9 

2.7 
2.8 

2.9 
3.0 
3.0 

3.1 
3.2 
3.3 
3.4 
3.5 

3.6 
3 .8 

3 .9 
4 .0 
4.1 
4.2 

4.4 
4.5 
4 .7 

4.8 
5.0 
5.1 

5.3 
5.4 
5.6 
5.7 
5 .9 
6.1 
6.2 
6.4 
6.5 
6.7 
6.8 
7.0 
7.1 
7 .2 
7 .4 
7.5 
7.6 
7.8 
7.9 
8.0 
8.2 
8.3 
8.4 
8 .5 
8.7 
8.8 
8.9 
9.0 
9.2 
9.3 
9.4 
9.5 
9.6 
9.8 
9.9 

10.0 
10.1 
10.2 
10.3 
10.4 
10.6 
10.7 
10.8 

2SD 

3.0 
3.1 
3.1 

3.2 
3.3 

3.4 
3.6 

3.7 
3.8 

3.9 
4.0 
4.1 

4.2 
4.4 
4.5 
4.6 

4.8 
4.9 
5.1 

5.3 
5.4 
5.6 

5.8 
5.9 
6.1 

6.3 
6.4 
6.6 
6.8 
7.0 
7.1 
7.3 
7 .4 
7.6 
7.7 

7 .9 
8.0 
8 .2 
8.3 
8.5 
8.6 
8.7 

8.9 
9.0 
9.2 
9.3 
9.4 
9.6 
9.7 
9.8 

10.0 
10.1 
10.2 
10.4 
10.5 
10.6 
10.8 
10.9 
11.0 
11.2 
11.3 
11.4 
11.5 
11.6 
11.7 

3SD 

3.a 
3.4 
3.5 
3.6 
3.7 

3.8 
3.9 
4.0 
4.2 
4.3 
4.4 
4.5 

4.7 
4.8 
5.0 
5.1 
5.3 
5.4 

5.6 
5.8 
6.0 
6.1 
6.3 
6.5 

6.7 
6.9 
7.1 
7.2 
7.4 
7.6 
7.8 
8.0 
8.1 
8.3 
8.5 
8.6 
8.8 
8.9 
9.1 
9.3 
9.4 
9.6 
9.7 
9.9 

10.0 
10.2 
10.3 
10.5 
10.6 
10.8 
10.9 
11.1 
i12 
11 .3 

11.5 
11.6 
11.a 

11.9 
12.1 

12.2 
12.3 
12.5 
12.6 
12.7 
12.8 

eontrJ. 

--
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Table 2.6A: Weight-for-length/height (kg) in girls and boys 0-5 years of age (Contd.) 

Length Weight (kg) Girls Length Weight (kg) Boys 

(cm) -3SD -2SD -1SD Median 1 SD 2SD 3SD (cm) -3SD -2SD -1SD Median 1 SD 2SD 3SD 

77.5 7.4 8.1 8.8 9.6 10.5 11.6 12.8 77.5 7.9 8.5 9.2 10.0 10.9 11.9 13.0 

I 
78.0 7 .5 8.2 8.9 9.7 10.6 11.7 12.9 78.0 7.9 8.6 9.3 10.1 11.0 12.0 13.1 
78.5 7 .6 8.2 9.0 9.8 10.7 11.8 13.0 78.5 8.0 8.7 9.4 10.2 11.1 12.1 13.2 
79.0 7 .7 8.3 9.1 9.9 10.8 11.9 13.1 79.0 8.1 8.7 9.5 10.3 11.2 12.2 13.3 
79.5 7.7 8.4 9.1 10.0 10.9 12.0 13.3 79.5 8.2 8.8 9.5 10.4 11.3 12.3 13.4 
80.0 7.8 8.5 9.2 10.1 11 .0 12.1 13.4 80.0 8.2 8.9 9.6 10.4 11.4 12.4 13.6 
80.5 7.9 8.6 9.3 10.2 11 .2 12.3 13.5 80.5 8.3 9.0 9.7 10.5 11.5 12.5 13.7 
81.0 8 .0 8.7 9.4 10.3 11.3 12.4 13.7 81 .0 8.4 9.1 9.8 10.6 11.6 12.6 13.8 
81.5 8 .1 8.8 9.5 10.4 11.4 12.5 13.8 81.5 8.5 9.1 9.9 10.7 11.7 12.7 13.9 
82.0 8 .1 8.8 9.6 10.5 11 .5 12.6 13.9 82.0 8.5 9.2 10.0 10.8 11.8 12.8 14.0 
82.5 8 .2 8.9 9.7 10.6 11.6 12.8 14.1 82.5 8.6 9.3 10.1 10.9 11.9 13.0 14.2 
83.0 8.3 9.0 9.8 10.7 11.8 12.9 14.2 83.0 8.7 9.4 10.2 11.0 12.0 13.1 14.3 
83.5 8 .4 9.1 9.9 10.9 11 .9 13.1 14.4 83.5 8.8 9.5 10.3 11.2 12.1 13.2 14.4 
84.0 8.5 9.2 10.1 11.0 12.0 13.2 14.5 84.0 8.9 9.6 10.4 11.3 12.2 13.3 14.6 
84.5 8.6 9.3 10.2 11 .1 12.1 13.3 14.7 84.5 9.0 9.7 10.5 11.4 12.4 13.5 14.7 
85.0 8.7 9.4 10.3 11.2 12.3 13.5 14.9 85.0 9.1 9.8 10.6 11.5 12.5 13.6 14.9 
85.5 8.8 9.5 10.4 11 .3 12.4 13.6 15.0 85.5 9.2 9.9 10.7 11.6 12.6 13.7 15.0 
86.0 8.9 9.7 10.5 11.5 12.6 13.8 15.2 86.0 9.3 10.0 10.8 11 .7 12.8 13.9 15.2 
86.5 9.0 9.8 10.6 11 .6 12.7 13.9 15.4 86.5 9.4 10.1 11.0 11.9 12.9 14.0 15.3 
87.0 9.1 9.9 10.7 11 .7 12.8 14.1 15.5 87.0 9.5 10.2 11.1 12.0 13.0 14.2 15.5 
87.5 9.2 10.0 10.9 11.8 13.0 14.2 15.7 87.5 9.6 10.4 11.2 12.1 13.2 14.3 15.6 
88.0 9.3 10.1 11.0 12.0 13.1 14.4 15.9 88.0 9.7 10.5 11.3 12.2 13.3 14.5 15.8 
88.5 9.4 10.2 11 .1 12.1 13.2 14.5 16.0 88.5 9.8 10.6 11.4 12.4 13.4 14.6 15.9 
89.0 9.5 10.3 11 .2 12.2 13.4 14.7 16.2 89.0 9.9 10.7 11 .5 12.5 13.5 14.7 16.1 
89.5 9.6 10.4 11.3 12.3 13.5 14.8 16.4 89.5 10.0 10.8 11.6 12.6 13.7 14.9 16.2 
90.0 9.7 10.5 11.4 12.5 13.7 15.0 16.5 90.0 10.1 10.9 11.8 12.7 13.8 15 16.4 
90.5 9.8 10.6 11.5 12.6 13.8 15.1 16.7 90.5 10.2 11 11 .9 12.8 13.9 15.1 16.5 
91 .0 9.9 10.7 11 .7 12.7 13.9 15.3 16.9 91.0 10.3 11 .1 12.0 13.0 14.1 15.3 16.7 
91 .5 10.0 10.8 11.8 12.8 14.1 15.5 17.0 91 .5 10.4 11 .2 12.1 13.1 14.2 15.4 16.8 
92.0 10.1 10.9 11.9 13.0 14.2 15.6 17.2 92.0 10.5 11 .3 12.2 13.2 14.3 15.6 17.0 
92.5 10.1 11.0 12.0 13.1 14.3 15.8 17.4 92.5 10.6 11.4 12.3 13.3 14.4 15.7 17.1 
93.0 10.2 11 .1 12.1 13.2 14.5 15.9 17.5 93.0 10.7 11.5 12.4 13.4 14.6 15.8 17.3 
93.5 10.3 11.2 12.2 13.3 14.6 16.1 17.7 93.5 10.7 11.6 12.5 13.5 14.7 16.0 17.4 
94.0 10.4 11.3 12.3 13.5 14.7 16.2 17.9 94.0 10.8 11 .7 12.6 13.7 14.8 16.1 17.6 
94.5 10.5 11.4 12.4 13.6 14.9 16.4 18.0 94.5 10.9 11.8 12.7 13.8 14.9 16.3 17.7 
95.0 10.6 11.5 12.6 13.7 15.0 16.5 18.2 95.0 11.0 11 .9 12.8 13.9 15.1 16.4 17.9 
95.5 10.7 11 .6 12.7 13.8 15.2 16.7 18.4 95.5 11.1 12 12.9 14.0 15.2 16.5 18.0 

96.0 10.8 11.7 12.8 14.0 15.3 16.8 18.6 96.0 11.2 12.1 13.1 14.1 15.3 16.7 18.2 
96.5 10.9 11.8 12.9 14.1 15.4 17.0 18.7 96.5 11.3 12.2 13.2 14.3 15.5 16.8 18.4 

97.0 11.0 12.0 13.0 14.2 15.6 17.1 18.9 97.0 11.4 12.3 13.3 14.4 15.6 17.0 18.5 

97.5 11 .1 12.1 13.1 14.4 15.7 17.3 19.1 97.5 11 .5 12.4 13.4 14.5 15.7 17.1 18.7 J 

98.0 11 .2 12.2 13.3 14.5 15.9 17.5 19.3 98.0 11.6 12.5 13.5 14.6 15.9 17.3 18.9 

98.5 11.3 12.3 13.4 14.6 16.0 17.6 19.5 98.5 11.7 12.6 13.6 14.8 16.0 17.5 19.1 

99.0 11.4 12.4 13.5 14.8 16.2 17.8 19.6 99.0 11 .8 12.7 13.7 14.9 16.2 17.6 19.2 

99.5 11.5 12.5 13.6 14.9 16.3 18.0 19.8 99.5 11.9 12.8 13.9 15.0 16.3 17.8 19.4 

100.0 11.6 12.6 13.7 15.0 16.5 18.1 20.0 100.0 12.0 12.9 14.0 15.2 16.5 18.0 19.6 

100.5 11.7 12.7 13.9 15.2 16.6 18.3 20.2 100.5 12.1 13 14.1 15.3 16.6 18.1 19.8 

101 .0 11 .8 12.8 14.0 15.3 16.8 18.5 20.4 101 .0 12.2 13.2 14.2 15.4 16.8 18.3 20.0 

101.5 11.9 13.0 14.1 15.5 17.0 18.7 20.6 101.5 12.3 13.3 14.4 15.6 16.9 18.5 20.2 

102.0 12.0 13.1 14.3 15.6 17.1 18.9 20.8 102.0 12.4 13.4 14.5 15.7 17.1 18.7 20.4 

102.5 12.1 13.2 14.4 15.8 17.3 19.0 21 .0 102.5 12.5 13.5 14.6 15.9 17.3 18.8 20.6 

103.0 12.3 13.3 14.5 15.9 17.5 19.2 21.3 103.0 12.6 13.6 14.8 16.0 17.4 19.0 20.8 

103.5 12.4 13.5 14.7 16.1 17.6 19.4 21.5 103.5 12.7 13.7 14.9 16.2 17.6 19.2 21.0 

104.0 12.5 13.6 14.8 16.2 17.8 19.6 21.7 104.0 12.8 13.9 15.0 16.3 17.8 19.4 21.2 

104.5 12.6 13.7 15.0 16.4 18.0 19.8 21.9 104.5 12.9 14.0 15.2 16.5 17.9 19.6 21.5 

105.0 12.7 13.8 15.1 16.5 18.2 20.0 22.2 105.0 13.0 14.1 15.3 16.6 18.1 19.8 21.7 

105.5 12.8 14.0 15.3 16.7 18.4 20.2 22.4 105.5 13.2 14.2 15.4 16.8 18.3 20.0 21 .9 

106.0 13.0 14.1 15.4 16.9 18.5 20.5 22.6 106.0 13.3 14.4 15.6 16.9 18.5 20.2 22.1 

106.5 13.1 14.3 15.6 17.1 18.7 20.7 22.9 106.5 13.4 14.5 15.7 17.1 18.6 20.4 22.4 

107.0 13.2 14.4 15.7 17.2 18.9 20.9 23.1 107.0 13.5 14.6 15.9 17.3 18.8 20.6 22.6 

107.5 13.3 14.5 15.9 17.4 19.1 21.1 23.4 107.5 13.6 14.7 16.0 17.4 19.0 20.8 22.8 

108.0 13.5 14.7 16.0 17.6 19.3 21 .3 23.6 108.0 13.7 14.9 16.2 17.6 19.2 21 .0 23.1 

108.5 13.6 14.8 16.2 17.8 19.5 21 .6 23.9 108.5 13.8 15.0 16.3 17.8 19.4 21.2 23.3 

109.0 13.7 15.0 16.4 18.0 19.7 21.8 24.2 109.0 14.0 15.1 16.5 17.9 19.6 21.4 23.6 

109.5 13.9 15.1 16.5 18.1 20.0 22.0 24.4 109.5 14.1 15.3 16.6 18.1 19.8 21.7 23.8 

110.0 14.0 15.3 16.7 18.3 20.2 22.3 24.7 110.0 14.2 15.4 16.8 18.3 20.0 21 .9 24.1 

-· --- - I 
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Table 2.68: Weight-for-heighVlength (kg) in an _ Weight (kg) Boys 

( ,
1 G Height SD Median 1 SD Height Weight kg, irts _

2 
SD -1 

1 SD 2 SD 3 SD 'cm) -3SD 1.4 8.1 (cm) -3 SD -2 SD -1 SD Median t' 6 9 

65.0 5.6 

65.5 5.7 

66.0 5 .8 

66.5 5.8 

67.0 5.9 

67.5 6 .0 

68.0 6.1 

68.5 6.2 

69.0 6.3 

69.5 6.3 

70.0 6.4 

70.5 6.5 

71.0 6.6 

71.5 6.7 

72.0 6.7 

72.5 6.8 

. 73.0 6.9 

73.5 7.0 

74.0 7.0 

74.5 7.1 

75.0 7.2 

75.5 7.2 

76.0 7.3 

76.5 7 .4 

n.o 7.5 

n .5 7.5 

78.0 7.6 

78.5 7.7 

. 79.0 7.8 

' 79.5 7.8 

80.0 7 .9 

80.5 8 .0 

81 .0 8.1 

' 81.5 8.2 

82.0 8.3 

' 82.5 8.4 

' 83.0 8.5 

83.5 8.5 

84.0 8.6 

84.5 8.7 

85.0 8.8 

. 85.5 8.9 

. 86.0 9.0 

86.5 9.1 

I 87.0 9.2 

87.5 9.3 

88.0 9.4 

. 88.5 9 .5 

89.0 9.6 

. 89.5 9.7 

90.0 9.8 

90.5 9.9 

. 91.0 10.0 

I 91 .5 10.1 

6.1 

6.2 

6.3 

6 .4 

6.4 

6.5 

6.6 

6.7 

6.8 

6.9 

7.0 

7 .1 

7.1 

7.2 

7.3 

7.4 

7.5 

7.6 

7.6 

7.7 

7.8 

7.9 

8.0 

8.0 

8.1 

8.2 

8 .3 

8.4 

8.4 

8.5 

8.6 

8.7 

8.8 

8.9 

9.0 

9.1 

9.2 

9.3 

9.4 

9.5 

9.6 

9.7 

9.8 

9.9 

10.0 

10.1 

10.2 

10.3 

10.4 

10.5 

10.6 

10.7 

10.9 

11 .0 

6.6 

6.7 

6.8 

6 .9 

7.0 

7.1 

7.2 

7.3 

7.4 

7 .5 

7.6 

7.7 

7.8 

7.9 

8.0 

8.1 

8.1 

8.2 

8.3 

8.4 

8 .5 

8.6 

8.7 

8.7 

8.8 

8.9 

9.0 

9.1 

9.2 

9.3 

9.4 

9.5 

9.6 

9.7 

9.8 

9.9 

10.0 

10.1 

10.2 

10.3 

10.4 

10.6 

10.7 

10.8 

10.9 

11.0 

11.1 

11 .2 

11.4 

11 .5 

11.6 

11 .7 

11 .8 

11.9 

7.2 

7.4 

7 .5 

7 .6 

7.7 

7.8 

7 .9 

8 .0 

8 .1 

8.2 

8.3 

8.4 

8.5 

8.6 

8.7 

8.8 

8.9 

9.0 

9.1 

9.2 

9.3 

9.4 

9.5 

9.6 

9.6 

9.7 

9.8 

9.9 

10.0 

10.1 

10.2 

10.3 

10.4 

10.6 

10.7 

10.8 

10.9 

11.0 

11.1 

11.3 

11.4 

11.5 

11.6 

11 .8 

11.9 

12.0 

12.1 

12.3 

12.4 

12.5 

12.6 

12.8 

12.9 

13.0 

7.9 

8.1 

8.2 

8.3 

8.4 

8 .5 

8.7 

8.8 

8.9 

9.0 

9.1 

9.2 

9.3 

9.4 

9.5 

9.7 

9.8 

9.9 

10.0 

10.1 

10.2 

10.3 

10.4 

10.5 

10.6 

10.7 

10.8 

10.9 

11 .0 

11.1 

11 .2 

11 .3 

11.4 

11.6 

11.7 

11.8 

11.9 

12.1 

12.2 

12.3 

12.5 

12.6 

12.7 

12.9 

13.0 

13.2 

13.3 

13.4 

13.6 

13.7 

13.8 

14.0 

14.1 

14.3 

9 7 I 65 I 5,9 5,3 ' 7 6 8,2 
. 4 7.0 . 

10 9.80 ii ::·5 ::s 7.1 77. 78 

. 6 .6 7.2 . 

8.7 

8.9 

9.0 

9.1 

9.3 I 

:9::7 ::: 
. . . . 7.7 8.4 9. 

9.8 10.8 69 6.6 7· 1 

9.9 

10.0 

10.1 

10.3 

10.4 

10.5 

10.6 

10.7 

10.8 

11.0 

11.1 

11 .2 

11.3 

11.4 

11.5 

11 .6 

11 .7 

11 .8 

12.0 

12.1 

12.2 

12.3 

12.4 

12.6 

12.7 

12.8 

13.0 

13.1 

13.3 

13.4 

13.5 

13.7 

13.8 

14.0 

14.2 

14.3 

14.5 

14.6 

14.8 

14.9 

15.1 

15.2 

15.4 

15.5 

15.7 

10.9 

11 .1 

11.2 

11 .3 

11.5 

11.6 

11.7 

11.8 

12.0 

12.1 

12.2 

12.3 

12.5 

12.6 

12.7 

12.8 

12.9 

13.1 

13.2 

13.3 

13.4 

13.6 

13.7 

13.9 

14.0 

14.1 

14.3 

14.5 

14.6 

14.8 

14.9 

15.1 

15.3 

15.4 

15.6 

15.8 

15.9 

16.1 

69.5 

70 

70.5 

71 

71 .5 

72 

72.5 

73 

73.5 

74 

74.5 

75 

75.5 

76 

76.5 

77 

77.5 

78 

78.5 

79 

79.5 

80 

80.5 

81 

81.5 

82 

82.5 

83 

83.5 

84 

84.5 

85 

85.5 

86 

86.5 

87 

87.5 

88 

6.7 

6.8 

16.3 I 88,5 

6.9 

6.9 

7.0 

7.1 

7.2 

7.3 

7.4 

7 .4 

7.5 

7 .6 

7.7 

7.7 

7.8 

7.9 

8.0 

8.0 

8.1 

8.2 

8.3 

8.3 

8.4 

8.5 

8.6 

8.7 

8.7 

8.8 

8.9 

9.0 

9.1 

9.2 

9.3 

9.4 

9.5 

9.6 

9.7 

9.8 

9.9 
16.4 

16.6 

16.8 

16.9 

17.1 

17.3 

89 

89.5 
10.0 

10.1 

I 
90 10.2 

90.5 10.3 

I 91 I 10.4 

. 91.5 . 10.5 1..-...__ __ 

7.2 

7.3 

7.4 

7.5 

7.6 

7.7 

7.8 

7.9 

7.9 

8 .0 

8.1 

8.2 

8.3 

8.4 

8.5 

8.5 

8.6 

8.7 

8.8 

8.8 

8.9 

9.0 

9.1 

9.2 

9.3 

9.3 

9.4 

9.5 

9.6 

9.7 

9.9 

10.0 

10.1 

10.2 

10.3 

10.4 

10.5 

10.6 

10.7 

10.8 

10.9 

11.0 

11.1 

11.2 

11.3 

7.8 

7 .9 

8.0 

8.1 

8.2 

8.3 

8.4 

8.5 

8.6 

8.7 

8.8 

8.9 

9.0 

9.1 

9.2 

9.2 

9.3 

9.4 

9.5 

9.6 

9.7 

9.7 

9.8 

9.9 

8.5 

8.6 

8.7 

9.2 

9.3 

9 .5 

8 .8 9 .6 

8 .9 9.7 

9.0 9.8 

9.1 9.9 

9.2 10.0 

9.3 10.2 

9.4 10.3 

9.5 10.4 

9.6 10.5 

9.7 10.6 

9.8 10.7 

9 .9 10.8 

10.0 10.9 

10.1 11.0 

10.2 11.1 

10.3 11.2 

10.4 11.3 

10.5 11.4 

10.6 11.5 

10.7 11 .6 

10.8 11 .7 

10.9 11 .8 

11.0 11.9 

11 .1 12.1 

11.2 12.2 

11 .3 12.3 

11.4 12.4 

11.5 12.5 

11.7 12.7 

11.8 12.8 

11.9 12.9 

12.0 13.1 

12.2 13.2 

12.3 13.3 

12.4 13.5 

12.5 13.6 

12.6 13.7 

12.8 13.9 

12.9 14.0 

13.0 14.1 

13.1 14.2 

10.0 

10.1 

10.2 

10.3 

10.4 

10.5 

10.7 

10.8 

10.9 

11 .0 

11.1 

11.2 

11.3 

11.5 

11.6 

11.7 

11.8 

11.9 

12.0 

12.1 

12.2 
-· __ 

2SD 

8.8 

8 .9 

9.1 

9 .2 

9.4 

9.5 

9.6 

9.8 

9.9 

10.0 

10.2 

10.3 

10.4 

10.6 

10.7 

10.8 

11 .0 

11.1 

11.2 

11.3 

11.4 

11 .6 

11.7 

11 .8 

11 .9 

12.0 

12.1 

12.2 

12.3 

12.4 

12.6 

12.7 

12.8 

12.9 

13.0 

13.1 

13.3 

13.4 

13.5 

13.7 

13.8 

13.9 

14.1 

14.2 

14.4 

14.5 

14.7 

14.8 

14.9 

15.1 

15.2 

15.3 

15.5 

15.6 

3so 
9.6 

9.a 
9.9 

10.1 

10.2 

10.4 

10.S 

10.7 

10.8 

11 .0 

11 .1 

11.3 

11.4 

11 .6 

11.7 

11.8 

12.0 

12.1 

12.2 

12.4 

12.5 

12.6 

12.8 

12.9 

13.0 

13.1 

13.3 

13.4 

13.5 

13.6 

13.7 

13.8 

14.0 

14.1 

14.2 

14.4 

14.5 

14.6 

14.8 

14.9 

15.1 

15.2 

15.4 

15.5 

15.7 

15.8 

t6.0 

16.1 

16.3 

16.4 

16.6 

16.7 

10.9 I 

11.0_ J 

contd ... 



Height 
(cm) -3SD 

92.0 10.2 

92.5 10.3 

93.0 10.4 

93.5 10.5 

94,0 I 10,6 

94.5 10.7 

95.0 10.8 

95.5 10.8 

I 96,0 10,9 

96.5 11.0 

97.0 11.1 

97.5 . 11.2 

96.0 

98.5 

99.0 

99.5 

100.0 

11 .3 

11.4 

11 .5 

11 .6 

11 .7 

100.5 11.9 

101 .0 : 12.0 

101 .5 1 12.1 

102.0 ' 12.2 

102.5 J 12.3 

103.0 I 12.4 

' 103.5 ' 12.5 

' 104.0 ' 12.6 

I 104.5 12.6 

105.0 12.9 

105.5 1 

1106.0 
I 

106.5 1 

107.0 

107.5 

108.0 

108.5 

109.0 ' 

109.5 

13.0 

13.1 

13.3 

13.4 

13.5 

13.7 

13.8 

13.9 

14.1 

110.0 : 14.2 

110.5 14.4 

1 111.0 14.5 

111.5 ' 14.7 

112.0 14.8 

112.5 1 15.0 

113.0 1 15.1 

113.5 I 15.3 

114.0 15.4 

114.5 15.6 

115.0 15.7 

115.5 15.9 

116.0 

116.5 i 
117.0 

16.0 

16.2 

16.3 

16.5 

16.6 

16.8 

16.9 

17.1 

Growth 

Table 2.68: Welght·for·helghVlength (kg) In girls and boys o-5 yearn of age (Contd.) 

Weight (kg) Girls Height · Weight (kg) Soya 

-2 SD -1 SD Median 1 SD 2 SD 3 SD (cm) -3 SD -2 SD -1 SD Median 1 SD 

11 . 1 

11.2 

11.3 

11.4 

11 .5 

11.6 

11 .7 

11.8 

11.9 

12.0 

12.1 

12.2 

12.3 

12.4 

12.5 

12.7 

12.8 

12.9 

13.0 

13.1 

13.3 

13.4 

13.5 

13.6 

13.8 

13.9 

14.0 

14.2 

14.3 

14.5 

14.6 

14.7 

14.9 

15.0 

15.2 

15.4 

15.5 

15.7 

15.8 

16.0 

16.2 

16.3 

16.5 

16.7 

16.8 

17.0 

17.2 

17.3 

17.5 

17.7 

17.8 

18.0 

18.2 

18.4 

12.0 

12.1 

12.3 

12.4 

12.5 

12.6 

12.7 

12.8 

12.9 

13.1 

13.2 

13.3 

13.4 

13.5 

13.7 

13.8 

13.9 

14.1 

14.2 

14.3 

14.5 

14.6 

14.7 

14.9 

15.0 

15.2 

15.3 

15.5 

15.6 

15.8 

15.9 

16.1 

16.3 

16.4 

16.6 

16.8 

17.0 

17.1 

17.3 

17.5 

17.7 

17.9 

18.0 

18.2 

18.4 

18.6 

18.8 

19.0 

19.2 

19.4 

19.6 

19.8 

19.9 

20.1 

18.5 20.3 

18.7 . 20.5 

17.4 

17.6 

17.6 

17.9 

18.1 

18.3 

18.5 

18.6 

18.8 

19.0 

19.2 

19.3 

19.5 

19.7 

19.9 

20.1 

20.3 

20.5 

20.7 

20.9 

21 .1 

21 .4 

21.6 

21.8 

22.0 

22.3 

22.5 

22.7 

23.0 

23.2 

23.5 

23.7 

24.0 

24.3 

24.5 

24.8 

25.1 

25.4 

25.7 

26.0 

26.2 

26.5 

26.8 

27.1 

27.4 

27.8 

28.1 

28.4 

I 

92.0 

92.5 

93.0 

93.5 

94.0 

94.5 

95.0 

95.5 

96.0 

96.5 

97.0 

97.5 

98.0 

98.5 

99.0 

99.5 

100.0 

100.5 

101.0 

101.5 

102.0 

102.5 

103.0 

103.5 

104.0 

104.5 

105.0 

105.5 

106.0 

106.5 

107.0 

107.5 

108.0 

108.5 

109.0 

109.5 

I 110.0 

110.5 

111.0 

10.6 

10.7 

10.8 

10.9 

11.0 

11 . 1 

11.1 

11.2 

11.3 

11.4 

11.5 

11 .6 

11 .7 

11 .8 

11.9 

12.0 

12.1 

12.2 

12.3 

12.4 

12.5 

12.6 

12.8 

12.9 

13.0 

13.1 

13.2 

13.3 

13.4 

13.5 

13.7 

13.8 

13.9 

14.0 

14.1 

14.3 

14.4 

14.5 

14.6 

111.5 . 14.8 

112.0 14.9 

112.5 15.0 

113.0 15.2 

113.5 

114.0 

114.5 

115.0 

115.5 

28.7 . 116.0 

29.0 : 116.5 

29.3 : 117.0 

15.3 

15.4 

15.6 

15.7 

15.8 

16.0 

16.1 

16.2 

29.6 117.5 16.4 
I 

29.9 ' 118.0 16.5 

30.3 ! 118.5 I 16.7 

30.6 I 119.o 16.8 
I 

30.9 1119.5 16.9 

1 111.5 
118.0 I 

118.5 . 

119.0 I 

119.5 

120.0 ' 17.3 18.9 20.7 

13.1 

13.3 

13.4 

13.5 

13.6 

13.8 

13.9 

14.0 

14.1 

14.3 

14.4 

14.5 

14.7 

14.8 

14.9 

15.1 

15.2 

15.4 

15.5 

15.7 

15.8 

16.0 

16.1 

16.3 

16.4 

16.6 

16.8 

16.9 

17.1 

17.3 

17.5 

17.7 

17.8 

18.0 

18.2 

18.4 

18.6 

18.8 

19.0 

19.2 

19.4 

19.6 

19.8 

20.0 

20.2 

20.5 

20.7 

20.9 

21.1 

21.3 

21.5 

21.7 

22.0 

22.2 

22.4 

22.6 

22.8 

14.4 

14.5 

14.7 

14.8 

14.9 

15.1 

15.2 

15.4 

15.5 

15.6 

15.8 

15.9 

16.1 

16.2 

16.4 

16.5 

16.7 

16.9 

17.0 

17.2 

17.4 

17.5 

17.7 

17.9 

18.1 

18.2 

18.4 

18.6 

18.8 

19.0 

19.2 

19.4 

19.6 

19.8 

20.0 

20.3 

20.5 

20.7 

20.9 

21.2 

21.4 

21.6 

21.8 

22.1 

22.3 

22.6 

22.8 

23.0 

23.3 

23.5 

23.8 

24.0 

24.2 

24.5 

24.7 

25.0 

25.2 

15.8 

16.0 

16.1 

16.3 

16.4 

16.6 

16.7 

16.9 

17.0 

17.2 

17.4 

17.5 

17.7 

17.9 

18.0 

18.2 

18.4 

18.6 

18.7 

18.9 

19.1 

19.3 

19.5 

19.7 

19.9 

20.1 

20.3 

20.5 

20.8 

21.0 

21 .2 

21.4 

21.7 

21 .9 

22.1 

22.4 

22.6 

22.9 

23.1 

23.4 

23.6 

23.9 

24.2 

24.4 

24.7 

25.0 

25.2 

25.5 

25.8 

26.1 

26.3 

26.6 

26.9 

27.2 

27.4 

27.7 

28.0 31.2 1120.0 i 17.1 
L---·-

11A 

11.5 

11.6 

11.7 

11.8 

11.9 

12.0 

12.1 

12.2 

12.3 

12.4 

12.5 

12.6 

12.8 

12.9 

13.0 

13.1 

13.2 

13.3 

13.4 

13.6 

13.7 

13.8 

13.9 

14.0 

14.2 

14.3 

14.4 

14.5 

14.7 

14.8 

14.9 

15.1 

15.2 

15.3 

15.5 

15.6 

15.8 

15.9 

16.0 

16.2 

16.3 

16.5 

16.6 

16.8 

16.9 

17.1 

17.2 

17.4 

17.5 

17.7 

17.9 

18.0 

18.2 

18.3 

18.5 

18.6 

12.3 

12.4 

12.6 

12.7 

12.8 

12.9 

13.0 

13.1 

13.2 

13.3 

13.4 

13.6 

13.7 

13.8 

13.9 

14.0 

14.2 

14.3 

14.4 

14.5 

14.7 

14.8 

14.9 

15.1 

15.2 

15.4 

15.5 

15.6 

15.8 

15.9 

16.1 

16.2 

16.4 

16.5 

16.7 

16.8 

17.0 

17.1 

17.3 

17.5 

17.6 

17.8 

18.0 

18.1 

18.3 

18.5 

18.6 

18.8 

19.0 

19.2 

19.3 

19.5 

19.7 

19.9 

20.0 

20.2 

20.4 

13.4 

13.5 

13.6 

13.7 

13.8 

13.9 

14.1 

14.2 

14.3 

14.4 

14.6 

14.7 

14.8 

14.9 

15.1 

15.2 

15.4 

15.5 

15.6 

15.8 

15.9 

16.1 

16.2 

16.4 

16.5 

16.7 

16.8 

17.0 

17.2 

17.3 

17.5 

17.7 

17.8 

18.0 

18.2 

18.3 

18.5 

18.7 

18.9 

19.1 

19.2 

19.4 

19.6 

19.8 

20.0 

20.2 

20.4 

20.6 

20.8 

21 .0 

21.2 

21 .4 

21.6 

21.8 

22.0 

22.2 

22.4 

14.5 

14.6 

14.7 

14.9 

15.0 

15.1 

15.3 

15.4 

15.5 

15.7 

15.8 

15.9 

16.1 

16.2 

16.4 

16.5 

16.7 

16.9 

17.0 

17.2 

17.3 

17.5 

17.7 

17.8 

18.0 

18.2 

18.4 

18.5 

18.7 

18.9 

19.1 

19.3 

19.5 

19.7 

19.8 

20.0 

20.2 

20.4 

20.7 

20.9 

21 .1 

21 .3 

21.5 

21.7 

21.9 

22.1 

22.4 

22.6 

22.8 

23.0 

23.3 

23.5 

23.7 

23.9 

24.1 

24.4 

24.6 

I 25 -
2SD 380 

15.8 17.2 

15.9 17.3 

16.0 17.5 

16.2 17.6 I 
16.3 17.8 

16.5 17.9 

16.6 18.1 

16.7 18.3 

16.9 18.4 

17.0 18.6 

17.2 18.8 

17.4 18.9 

17.5 19.1 

17.7 19.3 

17.9 19.5 

18.0 19.7 

18.2 19.9 

18.4 20. 1 

18.5 20.3 

18.7 20.5 

18.9 20.7 

19.1 20.9 

19.3 21.1 

19.5 21 .3 

19.7 21.6 

19.9 21 .8 

20.1 22.0 

20.3 22.2 

20.5 22.5 

20.7 22.7 

20.9 22.9 

21.1 23.2 

21 .3 23.4 

21.5 23.7 

21 .8 23.9 

22.0 24.2 

22.2 24.4 

22.4 24.7 

22.7 25.0 

22.9 25.2 

23.1 25.5 

23.4 25.8 

23.6 26.0 

23.9 26.3 

24.1 26.6 

24.4 26.9 

24.6 27.2 

24.9 27.5 

25.1 27.8 

25.4 28.0 

25.6 28.3 

25.9 28.6 

26.1 28.9 

26.4 29.2 

26.6 29.5 

26.9 29.8 

27.2 30.1 

WHO: MGRS 



11 2s 

Age 
(mo) 

0 
1 
2 
3 
4 

5 
6 

I 7 
8 
9 

I 10 
11 
12 
13 

I 14 
I 15 

16 

I 17 
18 

. 19 
! 20 

21 
22 

I 23 
24 

Age 
(mo) 

24 
. 25 

! 26 
; 27 
' 28 

29 
30 
31 

1 32 
: 33 

34 
35 
36 

37. 
38 

! 39 
' 40 

41 
42 
43 
44 
45 
46 

I 47 
I 48 

49 
50· 

l 51 
; 52 

53 

I 54 
55 
56 

! 57 

\ 58 
59 

··- -·-

. nd boys o-5 years 
Table 2.7: Body mass index (BMI) for age in Boys 

1 
SD 

BM/ Girls - -1 SD Median 
-1 SD Median 1 SD 2 SD 3 SD -3 SD -2 SD 

2SD 

16.3 

17.8 

19.4 

20.0 

20.3 
20.5 

20.5 

20.5 
20.4 
20.3 
20.1 
20.0 
19.8 

19.7 
19.5 
19.4 

19.3 
19.1 
19.0 
18.9 
18.8 
18.7 
18.7 
18.6 
18.5 

3SD 

18.1 

19.4 

21.1 

21.8 

22.1 
22.3 
22.3 
22.3 
22.2 
22.1 

22.0 I 

21.8 

21.6 

21 .5 

21 .3 

21.2 
21 .0 
20.9 

20.8 
20.7 
20.6 

20.5 
20.4 
20.3 
20.3 

-3SD -2SD 

10.1 11 .1 
10.8 12.0 
11 .8 13.0 
12.4 13.6 
12.7 13.9 

12.9 14.1 
13.0 14.1 
13.0 14.2 
13.0 14.1 
12.9 14.1 
12.9 14.0 
12.8 13.9 
12.7 13.8 
12.6 13.7 
12.6 13.6 
12.5 13.5 
12.4 13.5 
12.4 13.4 
12.3 13.3 
12.3 13.3 
12.2 13.2 
12.2 13.2 
12.2 13.1 
12.2 13.1 
12.1 13.1 

12.2 
13.2 
14.3 
14.9 

15.2 
15.4 
15.5 
15.5 
15.4 
15.3 
15.2 
15.1 
15.0 
14.9 
14.8 
14.7 
14.6 
14.5 
14.4 
14.4 
14.3 
14.3 
14.2 
14.2 
14.2 

13.3 

14.6 
15.8 
16.4 
16.7 
16.8 

16.9 
16.9 
16.8 

16.7 
16.6 
16.5 
16.4 
16.2 
16.1 
16.0 
15.9 
15.8 
15.7 
15.7 
15.6 
15.5 
15.5 
15.4 
15.4 

By height 

14.6 

16.0 

17.3 
17.9 
18.3 
18.4 
18.5 
18.5 

18.4 
18.3 
18.2 
18.0 
17.9 
17.7 
17.6 

17.5 
17.4 
17.3 
17.2 
17.1 
17.0 
17.0 
16.9 
16.9 
16.8 

-3 SD -2 SD -1 SD Median 1 SD 

12.4 13.3 14.4 15.7 17.1 
12.4 13.3 14.4 15.7 17.1 
12.3 13.3 14.4 15.6 17.0 
12.3 13.3 14.4 15.6 17.0 
12.3 13.3 14.3 15.6 17.0 
12.3 13.2 14.3 15.6 17.0 
12.3 13.2 14.3 15.5 16.9 
12.2 13.2 14.3 15.5 16.9 
12.2 13.2 14.3 15.5 16.9 
12.2 13.1 14.2 15.5 16.9 
12.2 13.1 14.2 15.4 16.8 
12.1 13.1 14.2 15.4 16.8 
12.1 13.1 14.2 15.4 16.8 
12.1 13.1 14.1 15.4 16.8 
12.1 13.0 14.1 15.4 16.8 
12.0 13.0 14.1 15.3 16.8 
12.0 13.0 14.1 15.3 16.8 
12.0 13.0 14.1 15.3 16.8 
12.0 12.9 14.0 15.3 16.8 
11 .9 12.9 14.0 . 15.3 16.8 
11.9 12.9 14.0 15.3 16.8 
11 .9 12.9 14.0 15.3 16.8 
11.9 12.9 14.0 15.3 16.8 
11 .8 12.8 14.0 15.3 16.8 
11 .8 12.8 14.0 15.3 16.8 
11 .8 12.8 13.9 15.3 16.8 
11 .8 12.8 13.9 15.3 16.8 
11 .8 12.8 13.9 15.3 16.8 
11.7 12.8 13.9 15.2 16.8 

11 .7 12.7 13.9 15.3 16.8 

11.7 12.7 13.9 15.3 16.8 

11.7 12.7 13.9 15.3 16.8 

11 .7 12.7 13.9 15.3 16.8 

11 .7 12.7 13.9 15.3 16.9 

11.7 12.7 13.9 15.3 16.9 

11.6 12.7 13.9 15.3 16.9 

16.1 

17.5 
19.0 
19.7 
20.0 
20.2 

20.3 

20.3 
20.2 
20.1 
19.9 
19.8 
19.6 
19.5 
19.3 
19.2 
19.1 
18.9 
18.8 
18.8 

18.7 
18.6 
18.5 
18.5 
18.4 

2SD 

18.7 
18.7 
18.7 
18.6 
18.6 
18.6 
18.5 
18.5 
18.5 
18.5 
18.5 
18.4 
18.4 
18.4 
18.4 
18.4 
18.4 

18.4 
18.4 
18.4 
18.5 
18.5 
18.5 
18.5 
18.5 
18.5 
18.6 
18.6 
18.6 

18.6 

18.7 

18.7 

18.7 
18.7 

18.8 

18.8 

17.7 

19.1 
20.7 

21 .5 
22.0 
22.2 

22.3 
22.3 

22.2 
22.1 
21 .9 
21.8 
21 .6 
21.4 
21 .3 
21 .1 
21.0 
20.9 
20.8 
20.7 
20.6 
20.5 
20.4 
20.4 
20.3 

3SD 

20.6 
20.6 
20.6 
20.5 
20.5 
20.4 
20.4 
20.4 
20.4 
20.3 
20.3 
20.3 
20.3 
20.3 
20.3 
20.3 
20.3 
20.4 
20.4 
20.4 
20.4 
20.5 
20.5 
20.5 
20.6 
20.6 
20.7 
20.7 
20.7 

20.8 

20.8 

20.9 

20.9 

21 .0 

21.0 

21 .0 

10.2 
11.3 
12.5 
13.1 
13.4 
13.5 

13.6 
13.7 
13.6 
13.6 

13.5 
13.4 
13.4 
13.3 
13.2 

13.1 
13.1 

13.0 
12.9 
12.9 
12.8 
12.8 
12.7 
12.7 
12.7 

-3SD 

12.9 
12.8 
12.8 
12.7 
12.7 
12.7 
12.6 
12.6 
12.5 
12.5 
12.5 
12.4 
12.4 
12.4 
12.3 
12.3 
12.3 
12.2 
12.2 
12.2 
12.2 
12.2 
12.1 
12.1 
12.1 
12.1 
12.1 
12.1 
12.0 
12.0 

12.0 

12.0 

12.0 

12.0 

12.0 
12.0 

11.1 

12.4 
13.7 

14.3 
14.5 
14.7 

14.7 
14.8 

14.7 
14.7 
14.6 
14.5 
14.4 
14.3 
14.2 
14.1 
14.0 
13.9 
13.9 
13.8 
13.7 
13.7 
13.6 
13.6 
13.6 

-2SD 

13.8 
13.8 

13.7 
13.7 
13.6 
13.6 
13.6 
13.5 
13.5 
13.5 
13.4 
13.4 
13.4 
13.3 
13.3 
13.3 
13.2 
13.2 
13.2 
13.2 
13.1 
13.1 
13.1 
13.1 
13.1 
13.0 
13.0 
13.0 
13.0 

13.0 
13.0 

13.0 

12.9 

12.9 

12.9 

12.9 

12.2 

13.6 

15.0 

15.5 

15.8 
15.9 

16.0 

16.0 

15.9 
15.8 

15.7 
15.6 
15.5 
15.4 
15.3 
15.2 
15.1 
15.0 
14.9 
14.9 
14.8 
14.7 
14.7 
14.6 
14.6 

-1 SD 

14.8 
14.8 
14.8 
14.7 
14.7 
14.7 
14.6 

14.6 
14.6 
14.5 
14.5 
14.5 
14.4 

14.4 
14.4 
14.3 
14.3 
14.3 
14.3 
14.2 

14.2 
14.2 
14.2 
14.2 
14.1 
14.1 
14.1 
14.1 
14.1 

14.1 

14.0 

14.0 

14.0 

14.0 

14.0 

14.0 

13.4 
14.9 

16.3 
16.9 
17.2 
17.3 
17.3 
17.3 
17.3 
17.2 
17.0 
16.9 
16.8 
16.7 
16.6 
16.4 
16.3 
16.2 
16.1 
16.1 
16.0 
15.9 
15.8 
15.8 
15.7 

14.8 
16.3 
17.8 
18.4 
18.7 
18.8 
18.8 
18.8 
18.7 
18.6 
18.5 
18.4 
18.2 
18.1 
18.0 
17.8 

17.7 
17.6 
17.5 
17.4 
17.3 

17.2 
17.2 
17.1 
17.0 

By height 

Median 1 SD 

16.0 17.3 

16.0 17.3 
15.9 17.3 

15.9 17.2 
15.9 17.2 
15.8 17.1 
15.8 17.1 

15.8 17.1 
15.7 17.0 
15.7 17.0 

15.7 17.0 
15.6 16.9 

15.6 16.9 
15.6 16.9 
15.5 16.8 
15.5 16.8 

15.5 16.8 

15.5 16.8 
15.4 16.8 

15.4 16.7 
15.4 16.7 
15.4 16.7 
15.4 16.7 
15.3 16.7 
15.3 16.7 
15.3 16.7 

15.3 16.7 
15.3 16.6 
15.3 16.6 

15.3 16.6 

15.3 16.6 

15.2 16.6 

15.2 16.6 

15.2 16.6 

15.2 16.6 

15.2 16.6 

2SD 

18.9 

18.8 
18.8 
18.7 
18.7 
18.6 
18.6 
18.5 
18.5 
18.5 
18.4 
18.4 
18.4 

18.3 
18.3 
18.3 
18.2 
18.2 
18.2 
18.2 
18.2 
18.2 

18.2 
18.2 
18.2 
18.2 
18.2 
18.2 
18.2 

18.2 

18.2 

18.2 

18.2 

18.2 

18.3 
18.3 

3SD 

20.6 
20.5 
20.5 
20.4 

20.4 
20.3 
20.2 
20.2 
20.1 
20.1 

20.0 
20.0 
20.0 
19.9 
19.9 
19.9 
19.9 

19.9 
19.8 
19.8 
19.8 

19.8 
19.8 

1·l9 

18.9 ' 
19.9 
1 fl.9 
'i 9.9 
·f.?..9 

;:().0 

20.0 

20.0 

20.1 

20.1 

20.2 

20.2 

J 
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Age 
, (mo) 

' 0 
1 
2 
3 

4 

5 
6 

7 
8 

9 
10 

11 
12 

13 

14 

15 

16 

17 
. 18 

19 

20 

21 

22 
23 

24 

25 

26 

27 
28 

29 

30 

l 31 
• 32 

I 33 
t 34 
l 
I 35 
i 36 
' 37 

38 

39 

40 

41 
42 

43 

t 44 
. 45 

t 46 
; 47 

: 48 
' 49 

50 

51 

52 

53 

54 

55 

56 

57 

58 
59 

60 

Growth 

Table Head circumference for age (cm) in girls and boys 0-5 years of age 
BM/ Girls - ·- - - I BM/ Boys 

-3 SD -2 SD -1 SD Median 1 SD 2 SD 3 SD l -3 SD -2 SD - 1 SD Median 1 SD 
30.3 
33.0 

34.6 

35.8 
36.8 
37.6 

38.3 

38.9 

39.4 

39.8 

40.2 

40.5 

40.8 

41.1 

41 .3 

41 .5 

41.7 

41.9 

42.1 

42.3 

42.4 

42.6 

42.7 
42.9 

43.0 

43.1 

43.3 

43.4 

43.5 

43.6 

43.7 

43.8 

43.9 

44.0 

44.1 
44.2 

44.3 

44.4 

44.4 
44.5 

44.6 

44.6 

44.7 
44.8 

44.8 

44.9 

45.0 

45.0 

45.1 

45.1 

45.2 
45.2 

45.3 

45.3 

45.4 

45.4 

45.5 

45.5 

45.6 
45.6 

45.7 

31 .5 32.7 33.9 

36.5 

38.3 
39.5 

40.6 

41.5 

42.2 

42.8 
43.4 

43.8 

44.2 
44.6 

44.9 
45.2 

45.4 

45.7 

45.9 

46.1 

46.2 
46.4 

46.6 

46.7 

46.9 
47.0 

47.2 

47.3 
47.5 
47.6 

47.7 

47.8 
47.9 

48.0 
48.1 

48.2 
48.3 

48.4 

48.5 

48.6 

48.7 

48.7 

48.8 

48.9 

49.0 

49.0 

49.1 

49.2 

49.2 
49.3 

49.3 

49.4 

49.4 

49.5 

49.5 
49.6 

49.6 

49.7 

49.7 
49.8 

49.8 

49.9 

49.9 

35.1 

37.7 

39.5 

40.8 
41 .8 

42.7 

43.5 

44.1 

44.7 

45.2 

45.6 

45.9 

46.3 

46.5 

46.8 
47.0 

47.2 
47.4 

47.6 

47.8 
48.0 

48.1 
48.3 
48.4 

48.6 
48.7 

48.9 

49.0 
49.1 

49.2 
49.3 

49.4 
49.6 
49.7 

49.7 
49.8 

49.9 

50.0 

50.1 

50.2 
50.2 

50.3 

50.4 

50.4 

50.5 
50.6 

50.6 

50.7 

50.8 

50.8 

50.9 
50.9 

51 .0 

51 .0 

51.1 
51 .1 
51 .2 

51 .2 
51 .3 

51 .3 

51 .3 

34.2 35.4 

35.8 37.0 

37.1 38.3 

38.1 39.3 

38.9 40.2 

39.6 40.9 

40.2 41.5 

40.7 42.0 
41.2 42.5 

41.5 42.9 

41.9 43.2 

42.2 43.5 

42.4 43.8 
42.7 44.1 

42.9 44.3 

43.1 44.5 

43.3 44.7 

43.5 44.9 
43.6 45.0 

43.8 45.2 

44.0 45.3 

44.1 45.5 
44.3 45.6 
44.4 45.8 

44.5 45.9 

44.7 46.1 

44.8 46.2 

44.9 46.3 

45.0 46.4 
45.1 46.5 

45.2 46.6 

45.3 46.7 

45.4 46.8 

45.5 46.9 
45.6 47.0 

45.7 47.1 

45.8 47.2 

45.8 47.3 
45.9 47.3 

46.0 47.4 

46.1 47.5 

46.1 47.5 
46.2 47.6 

46.3 47.7 

46.3 47.7 

46.4 47.8 

46.4 47.9 
46.5 47.9 

46.5 48.0 

46.6 48.0 

46.7 48.1 
46.7 48.1 

46.8 48.2 

46.8 48.2 

46.9 48.3 

46.9 48.3 

46.9 48.4 

47.0 48.4 

47.0 - 48.5 

47.1 48.5 

36.2 37.4 

38.9 40.1 

40.7 41.9 
42.0 

43.1 

44.0 

44.8 

45.5 

46.0 

46.5 

46.9 
47.3 

47.6 

47.9 

48.2 

48.4 

48.6 
48.8 
49.0 

49.2 
49.4 

49.5 

49.7 
49.8 

50.0 
50.1 
50.3 

50.4 
50.5 
50.6 
50.7 
50.9 
51.0 

51 .1 

51.2 
51.2 
51.3 

51.4 
51.5 

51.6 
51.7 

51.7 
51.8 

51.9 

51.9 

52.0 
52.1 

52.1 
52.2 

52.2 

52.3 

52.3 
52.4 

52.4 

52.5 

52.5 

52.6 
52.6 

52.7 
52.7 

52.8 -

43.3 

44.4 

45.3 

46.1 

46.8 
47.4 

47.8 

48.3 

48.6 
49.0 

49.3 
49.5 

49.8 

50.0 
50.2 
50.4 

50.6 
50.7 
50.9 
51.1 
51.2 
51.4 
51.5 
51.7 
51 .8 

51 .9 
52.0 
52.2 
52.3 

52.4 
52.5 

52.6 
52.7 

52.7 

52.8 

52.9 
53.0 
53.1 

53.1 
53.2 

53.3 

53.3 

53.4 
53.5 
53.5 

53.6 

53.6 

53.7 

53.8 
53.8 

53.9 

53.9 

54.0 

54.0 

54.1 

54.1 
54.1 

54.2 

30.7 

33.8 

35.6 

37.0 

38.0 
38.9 

39.7 

40.3 

40.8 

41.2 
41 .6 
41.9 

42.2 

42.5 

42.7 

42.9 

43.1 
43.2 
43.4 
43.5 
43.7 

43.8 
43.9 
44.1 
44.2 
44.3 
44.4 
44.5 

44.6 
44.7 
44.8 
44.8 
44.9 
45.0 

45.1 
45.1 
45.2 

45.3 
45.3 
45.4 
45.4 

45.5 

45.5 

45.6 

45.6 

45.7 
45.7 
45.8 

45.8 

45.9 

45.9 

45.9 
46.0 

46.0 

46.1 

46.1 

46.1 
46.2 

46.2 

46.2 

46.3 

31.9 33.2 34.5 

34.9 36.1 37.3 

36.8 38.0 39.1 

38.1 39.3 40.5 
39.2 40.4 41 .6 

40.1 41.4 42.6 

40.9 42.1 43.3 
41 .5 42.7 44.0 

42.0 43.3 44.5 

42.5 43.7 45.0 
42.9 44.1 45.4 
43.2 44.5 45.8 

43.5 44.8 46.1 

43.8 45.0 46.3 
44.0 45.3 46.6 

44.2 45.5 46.8 
44.4 45.7 47.0 
44.6 45.9 47.2 
44.7 46.0 47.4 

44.9 46.2 47.5 
45.0 46.4 47.7 

45.2 46.5 47.8 
45.3 46.6 48.0 
45.4 46.8 48.1 
45.5 46.9 48.3 
45.6 47.0 48.4 
45.8 47.1 48.5 
45.9 47.2 48.6 
46.0 47.3 48.7 
46.1 47.4 48.8 
46.1 47.5 48.9 
46.2 47.6 49.0 
46.3 47.7 49.1 
46.4 47.8 49.2 

46.5 47.9 49.3 
46.6 48.0 49.4 
46.6 48.0 49.5 
46.7 48.1 49.5 

46.8 48.2 49.6 
46.8 48.2 49.7 

46.9 48.3 49.7 
46.9 48.4 49.8 

47.0 48.4 49.9 
47.0 48.5 49.9 

47.1 48.5 50.0 
47.1 48.6 50.1 
47.2 48.7 50.1 

47.2 48.7 50.2 
47.3 48.7 50.2 

47.3 48.8 50.3 

47.4 48.8 50.3 

47.4 48.9 50.4 

47.5 48.9 50.4 
47.5 49.0 50.4 

47.5 49.0 50.5 

47.6 49.1 50.5 

47.6 49.1 50.6 

47.6 49.1 50.6 

47.7 49.2 50.7 

47.7 49.2 50.7 

47.7 49.2 50.7 

35.7 

38.4 

40.3 
41.7 
42.8 
43.8 

44.6 

45.2 

45.8 
46.3 

46.7 
47.0 
47.4 
47.6 

47.9 
48.1 
48.3 
48.5 
48.7 

48.9 
49.0 

49.2 
49.3 
49.5 
49.6 
49.7 
49.9 
50.0 
50.1 
50.2 
50.3 

50.4 
50.5 
50.6 
50.7 
50.8 
50.9 
51 .0 
51 .0 
51 .1 

51 .2 
51.3 

51.3 
51 .4 
51 .4 

51.5 
51.6 
51 .6 
51 .7 

51.7 
51.8 

51 .8 

51 .9 
51.9 

52.0 
52.0 
52.1 

52.1 

52.1 

52.2 
52.2 

I 21 -

2SD 

37.0 
39.6" 

41.5 

42.9 

44.0 

45.0 
45.8 

46.4 
47.0 
47.5 

47.9 
48.3 

48.6 
48.9 

49.2 
49.4 
49.6 
49.8 
50.0 

50.2 
50.4 
50.5 
50.7 
50.8 
51 .0 
51 .1 
51 .2 
51.4 
51.5 
51.6 
51.7 
51.8 
51.9 
52.0 
52.1 
52.2 
52.3 
52.4 
52.5 
52.5 
52.6 
52.7 
52.8 
52.8 
52.9 

53.0 
53.0 
53.1 
53.1 

3SD l 

38.3 
40.8 

42.6 
44.1 
45.2 
46.2 

47.0 

47.7 

48.3 

48.8 
49.2 

49.6 
49.9 
50.2 
50.5 
50.7 
51 .0 
51.2 
51.4 
51.5 
51.7 
51.9 " 
52.0 
52.2 
52.3 

52.5 
52.6 
52.7 
52.9 
53.0 
53.1 
53.2 
53.3 
53.4 
53.5 
53.6 
53.7 
53.8 
53.9 
54.0 
54.1 
54.1 
54.2 
54.3 
54.3 
54.4 
54.5 
54.5 
54.6 

53.2 54.7 
53.2 54.7 
53.3 54.8 . 

53.4 54.8 

53.4 54.9 
53.5 54.9 

53.5 55.0 

53.5 55.0 
53.6 55.1 

53.6 55.1 
53.7 55.2 
53.7 55.2 
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Table 2.9: Boys aged 5 to 18 years old: IAP charts for weight, height, body mass index (percentiles) (reproduced with permission from Indian Pediatr, 2015;52:47-55) 

'years) 

5.0 

5.5 

6.0 

6.5 

7.0 

7.5 

8.0 

8.5 

9.0 

9.5 

10.0 

10.5 

11 .0 

11.5 

12.0 

12.5 

13.0 

13.5 

14.0 

14.5 

15.0 

15.5 

16.0 

16.5 

17.0 

17.5 

18.0 

Height (cm) Weight (kg) Body mass index 

23rd 27th SD 
3td 10th 50th 

99.0 102.3 108.9 

101 .6 105.0 111.9 

1'04.2 .107.7 114.8 

106.8 ·110.4 117.8 

109.3 113.0 120.7 

111.8 115.7 123.5 

114.3 118.2 · 126.4 

116.7 120.8 129.1 

119.0 . 123.2 131 .8 

121 .3 125.6 134.5 

123.6 

125.9 

128.1 

130.5 

137.2 

139.9 

128.2 ' 133.0 142.7 

130.7 

.133.2 

135.7 

138.3 

140.9 

143.4 

145.8 

148.0 

150.0 

151.8 

153.4 

155.0 

156.6 

158.1 

135.6 

138.3 

141 .0 

143.7 

146.4 

149.0 

151.5 

153.7 

155.7 

157.4 

159.1 

160.6 

162.1 

163.6 

145.5 

148.4 

151.4 

154.3 

157.2 

159.9 

162.3 

164.5 

166.5 

168.1 

169.6 

171.0 

172.3 

173.6 

90th 

115.9 

119.0 

122.2 

125.4 

128.6 

131.7 

134.8 

137.8 

140.7 

143.7 

146.6 

149.5 

152.5 

155.6 

158.6 

161.7 

164.7 

167.6 

170.3 

172.7 

174.8 

176.5 

178.0 

179.3 

180.4 

181.5 

182.5 

97th 

119.4 

122.7 

126.0 

129.3 

132.6 

135.9 

139.1 

142.2 

145.3 

148.3 

151 .4 

154.4 

157.5 

160.6 

163.7 

166.8 

169.9 

172.7 

175.4 

177.7 

179.7 

181.4 

182.7 

183.8 

184.8 

185.8 

186.7 

SD 

5.7 

5.3 

5.6 

5.5 

5.9 

5.7 

6.3 

6.1 

6.4 

6.4 

6.8 

6.5 

7.6 

7.3 

8.1 

7.9 

9.0 

8.4 

9.0 

7.8 

7.9 

6.6 

7.2 

6.7 

6.9 

6.1 

6.9 

3rd 

13.2 

13.8 

14.5 

15.3 

16.0 

16.7 

17.5 

18.3 

19.1 

19.9 

20.7 

21.6 

22.6 

23.8 

24.9 

26.1 

27.5 

29.0 

30.7 

32.6 

34.5 

36.1 

37.5 

38.7 

39.8 

40.8 

41.8 

10th 

14.3 

15.0 

15.8 

16.8 

17.6 

18.5 

19.5 

20.5 

21.5 

22.4 

23.5 

24.6 

25.9 

27.3 

28.7 

30.2 

31.8 

33.6 

35.5 

37.7 

39.8 

41.6 

43.1 

44.4 

45.6 

46.7 

47.7 

50th 

17.1 

18.2 

19.3 

20.7 

21 .9 

23.3 

24.8 

26.4 

27.9 

29.4 

31.1 

32.8 

34.7 

36.9 

39.0 

41 .2 

43.3 

45.7 

48.2 

50.8 

53.1 

55.2 

56.8 

58.2 

59.5 

60.6 

61.6 

90th 

21.3 

22.9 

24.6 

26.6 

28.6 

30.8 

33.2 

35.7 

38.0 

40.5 

43.0 

45.8 

48.7 

51 .8 

54.8 

57.8 

60.7 

63.6 

66.3 

69.1 

71 .5 

73.4 

74.6 

76.1 

77.1 

77.8 

78.6 

97th 

24.2 

26.1 

28.3 

30.8 

33.4 

36.2 

39.4 

42.6 

45.5 

48.6 

51.8 

55.2 

58.7 

62.5 

66.1 

69.5 

72.6 

75.6 

78.3 

80.9 

83.1 

84.7 

65.8 

86.B 

87.5 

88.0 

88.4 

SD 

3.2 

2.9 

3.6 

3.8 

4.2 

4.9 

5.7 

6.5 

6.3 

7.0 

7.9 

8.3 

8.9 

9.3 

10.0 

10.6 

11.3 

11.4 

12.1 

11 .6 

12.1 

11 .2 

12.2 

12.6 

12.3 

12.3 

11.3 

3th 

12.1 

12.2 

12.2 

12.3 

12.3 

12.4 

12.5 

12.6 

12.7 

12.8 

12.9 

13.0 

13.1 

13.2 

13.3 

13.5 

13.6 

13.7 

13.8 

14.0 

14.2 

14.4 

14.6 

14.9 

15.1 

15.4 

15.6 

5th 

12.4 

12.4 

12.5 

12.5 

12.6 

12.7 

12.8 

12.9 

13.0 

13.1 

13.2 

13.3 

13.5 

13.6 

13.8 

13.9 

14.0 

14.2 

14.3 

14.5 

14.7 

14.9 

15.1 

15.4 

15.6 

15.9 

16.2 

10th 50th AE AE 

12.8 

12.9 

12.9 

13.0 

13.1 

13.2 

13.3 

13.4 

13.5 

13.7 

13.8 

14.0 

14.1 

14.3 

14.5 

14.6 

14.8 

14.9 

15.1 

15.3 

15.5 

15.8 

16.0 

16.3 

16.6 

16.8 

17.1 

14.7 

14.8 

14.9 

15.0 

15.1 

15.3 

15.5 

15.7 

15.9 

16.2 

16.4 

16.7 

17.0 

17.3 

17.7 

17.9 

18.2 

18.5 

18.7 

19.0 

19.3 

19.6 

19.9 

20.2 

20.5 

20.8 

21 .1 

15.7 

15.8 

16.0 

16.1 

16.3 

16.5 

16.7 

17.0 

17.3 

17.6 

18.0 

18.3 

18.7 

19.1 

19.5 

19.8 

20.2 

20.5 

20.8 

21 .1 

21.4 

21.7 

22.0 

22.4 

22.6 

22.9 

23.2 

17.5 1.6 

17.6 1.5 

17.8 1.8 

18.0 1.8 

18.2 1.9 

18.5 2 .2 

18.8 2.5 

19.2 2.8 

19.6 2.6 

20.1 2.8 

20.5 3.1 

21.0 3 .2 

21.5 3.2 

22.1 -3.3 

22.6 3 .4 

23.0 3.6 

23.4 3.5 

23.8 3.7 

24.2 3.7 

24.5 3.5 

24.9 3.7 

25.2 3.4 

25.5 3.7 

25.8 3.8 

26.0 3.8 

26.3 3.6 

26.6 3.2 

I 

23rd AE: equivalent to BMI of 23 in adults (overweight); 27th AE: equivalent to BMI of 27 in adults (obesity) IAP 



Tabre 2.10: Girls aged 5 to 18 years old: IAP charts tor weight, height, body mass index (percentiles) (reproduced with permission from Indian Pediatr 2015;52:47-55) 

Age -- . - Height (cm) - - - · · Weight (kg) BOdy Mass Index 

(yeatS) 3rd 10th 50th 90th 97th SD 3rd 10th 50th 90th 97th SD 3rd 5th 10th 50th 
23

rd 
27

th SD 
AE AE 

5.0 

5.5 

6.0 

6.5 

7 .0 

7 .5 

8.0 

8.5 

9 .0 

9 .5 

10.0 

10.5 

11 .0 

11 .5 

12.0 

12.5 

13.0 

13.5 

14.0 

14.5 

15.0 

15.5 

16.0 

16.5 

17.0 

17.5 

18 .0 

97.2 

99.8 

102.3 

104.9 

107.4 

110.0 

112.6 

115.2 

117.8 

120.5 

123.3 

126.1 

128.B 

131.5 

134.0 

136.3 

138.2 

139.9 

141 .3 

142.4 

143.3 

144.1 

144.7 

145.2 

145.7 

146.2 

146.6 

100.5 

103.2 

106.0 

108.7 

111.4 

114.1 

116.8 

119.6 

122.4 

125.2 

128.1 

130.9 

133.7 

136.4 

138.9 

141.1 

142.9 

144.5 

145.8 

146.8 

147.5 

148.1 

148.6 

149.1 

149.5 

149.8 

150.2 

107.5 

110.5 

113.5 

116.5 

119.4 

122.4 

125.4 

128.4 

131 .4 

134.4 

137.4 

140.4 

143.3 

145.9 

148.4 

150.5 

152.2 

153.6 

154.7 

155.5 

156.1 

156.6 

156.9 

157.2 

157.4 

157.6 

157.8 

115.2 

118.3 

121.5 

124.6 

127.7 

130.B 

133.9 

137.0 

140.2 

143.3 

146.4 

149.5 

152.4 

155.1 

157.5 

159.6 

161 .3 

162.7 

163.7 

164.5 

165.0 

165.3 

165.6 

165.7 

165.9 

166.0 

166.1 

119.3 

122.5 

125.6 

128.7 

131 .9 

135.0 

138.1 

141 .3 

144.5 

147.6 

150.8 

153.9 

156.8 

159.6 

162.0 

164.1 

165.9 

167.2 

168.2 

169.0 

169.5 

169.8 

170.1 

170.2 

170.4 

170.5 

170.6 

5.4 

5.7 

5.8 

5 .5 

6.1 

6 .0 

6 .2 

6.8 

6.9 

6.6 

7 .B 

7.3 

7.9 

7.1 

7.0 

6 .7 

6.9 

6.0 

6.6 

5.9 

6.6 

5.9 

6.1 

6.4 

6.5 

6.7 

6.6 

12.3 

13.0 

13.7 

14.4 

15.1 

15.9 

16.7 

17.5 

18.5 

19.5 

20.7 

22.0 

23.3 

24.B 

26.2 

27.6 

28.9 

30.2 

31 .3 

32.3 

33.1 

34.0 

34.7 

35.5 

36.2 

36.9 

37.6 

13.4 

14.3 

15.1 

15.9 

16.8 

17.7 

18.7 

19.7 

20.9 

22.1 

23.5 

25.1 

26.7 

28.4 

30.0 

31 .6 

33.1 

34.4 

35.6 

36.6 

37.5 

38.3 

39.1 

39.8 

40.5 

41.1 

41 .8 

16.4 

17.6 

18.7 

19.9 

21 .2 

22.5 

24.0 

25.5 

27.2 

29.0 

31 .0 

33.2 

35.4 

37.6 

39.8 

41 .8 

43.6 

45.1 

46.4 

47.5 

48.4 

49.1 

49.7 

50.3 

50.9 

51 .5 

52.0 

21.3 25.0 2.5 

22.9 27.0 3.5 

24.6 29.1 3.4 

26.3 31.2 4.1 

28.2 33.4 4.4 

30.1 35.7 4.8 

32.2 38.1 5.2 

34.4 40.7 6.4 

36.7 43.4 6.4 

39.3 46.3 6.9 

42.0 49.4 7.7 

44.B 52.6 8.3 

47.7 55.9 8.5 

50.6 59.1 9.1 

53.4 62.1 9.0 

55.8 64.8 9.7 

57.9 67.1 9.4 

59.7 69.0 9.8 

61 .1 70.4 9.6 

62.2 71.4 9.4 

62.9 72.1 9.6 

63.5 72.5 8.7 

64.0 72.8 8.7 

64.4 73.1 9.2 

64.7 73.3 8.8 

65.0 73.4 9.5 

65.3 73.5 10.2 

23rd AE: equivalent to BMI of 23 in adults (overweight); 27th AE equivalent to BMI of 27 in adults (obesity) 

11.9 

11 .9 

12.0 

12.1 

12.1 

12.2 

12.3 

12.3 

12.4 

12.5 

12.7 

12.8 

13.0 

13.2 

13.4 

13.7 

13.9 

14.1 

14.3 

14.5 

14.7 

14.9 

15.0 

15.2 

15.4 

15.5 

15.7 

12.1 

12.2 

12.2 

12.3 

12.4 

12.5 

12.6 

12.7 

12.8 

12.9 

13.1 

13.2 

13.4 

13.7 

13.9 

14.2 

14.4 

14.6 

14.9 

15.1 

15.2 

15.4 

15.6 

15.8 

16.0 

16.1 

16.3 

12.5 

12.6 

12.7 

12.8 

12.8 

12.9 

13.1 

13.2 

13.3 

13.5 

13.7 

13.9 

14.1 

14.4 

14.7 

15.0 

15.2 

15.5 

15.7 

16.0 

16.1 

16.3 

16.5 

16.7 

16.9 

17.1 

17.3 

14.3 

14.4 

14.5 

14.7 

14.9 

15.1 

15.3 

15.6 

15.8 

16.1 

16.5 

16.8 

17.2 

17.6 

18.0 

18.4 

18.8 

19.1 

19.4 

19.7 

19.9 

20.1 

20.3 

20.4 

20.6 

20.8 

21.0 

15.5 18.0 

15.7 18.3 

15.9 18.6 

16.1 18.9 

16.4 19.3 

16.6 19.7 

16.9 20.1 

17.2 20.5 

17.6 21.0 

18.0 21 .4 

18.4 21 .9 

18.8 22.5 

19.3 23.0 

19.8 23.6 

20.2 24.1 

20.7 24.7 

21 .1 25.2 

21.5 25.6 

21.8 25.9 

22.0 26.2 

22.3 26.3 

22.4 26.4 

22.6 26.5 

22.8 26.6 

22.9 26.7 

23.1 26.7 

23.2 26.8 

1.4 

1.7 

1.7 

2.0 

2.1 l 

2.2 ! 

2.3 

2.7 I 

2.7 ' 

2.8 l 
' 

2.9 

3.1 : 

3.1 I 

3.3 I 

3.2 

3.3 

3.2 

3.5 

3.4 

3.3 

3.4 

3.1 

3.1 

3.2 

3.0 

3.1 I 

3.6 

IAP 

N 
co 

I 
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Velocity of Growth 

Plotting a child's height and weight on a growth chart helps 
to determine if he is within the normal range for his or her 

I 
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 retarding growth are 
profound or have persisted for a long time. On the other 
hand, serial measurements provide rate of growth. Plotting 

growth velocity is useful tool for early identification of 
factors affecting growth. Velocity of growth more accurately 
helps in predicting the ultimate adult height. 

Interpretation of growth measuremeuts:Table 2.11 provides 

details regarding interpretation of growth charts for 
children 0 to 5 years of age. 

Growth Monitoring 

The Indian Academy of Pediatrics has given guidelines to 
monitor growth during childhood (Table 2.12). During 

' t · is conveniently done durlng vhJh 
infancy' .the t can be in tegra tcd j n to v fa lt!J f vr 
for vaccmahon. a er 1 h 1 h Ith 

. . . r illnesses or into sc oo ea prugrarn. 
vaccmahon, mmo 

1 
aturity rating stag;n, 

During adolescence, sexua m g 

should also be monitored. 

Software and Apps fo Assist Anthropometric Analysl; 

for Clinical and Research Use 

Th WHO rovides software " WHO-Anthro" for anthro­

The software consists of three 

Anthropometric calculator, individual assessment, and 

nutritional survey. 

The software is downloadable at http://www.who.int/ 

childgrowth/software/en/ 

The page provides the option to download the software 

WHO-Anthro for personal computers (PC) and mobile 

devices. In addition, there are macros for the statistical 

software packages to facilitate data analysis. 

. . 
Table 2.11: Interpretation of growth parameters in children O to 5 years of age 

Growth indicators 

Z-score Length/height-for-age Weight-for-age 

Above3 See note 1 

Above 2 

Above 1 See note 2 

0 (median) 

Below -1 

Below -2 Stunted (see note 4) Underweight 

Below -3 Severely stunted Severely under-

(see note 4) weight (see note 5) 

Measurements in the grey shaded boxes are in the normal range 

Notes: 

Weight-for-length/height 

Obese 

Overweight 

Possible risk of overweight 
(see note 3) 

Wasted 

Severely wasted 

BM I-for-age 

Obese 

Overweight 

Possible risk of overweight 

(see note 3) 

Wasted 

Severely wasted 

1. A child in this range is very tall. Tallness is rarely a problem unless It Is so excessive that it may Indicate an endocrine disorder such as a 
growth-hormone producing tumor. Refer a child in this range for assessment, if you suspect an endocrine disorder (e.g. if parents of normal 
height have a child who is excessively tall for his or her age). 

2. A child whose weight-for-age falls in this range may have growth problem, but this Is better assessed from weight-for-length/height or 81..11· 

for-age. 
3. A plotted point above 1 shows possible risk. A trend towards the +2 Z-score line shows definite risk. 

4. It is possible for a stunted or severely stunted child to become overweight. 

s. This is referred to as very low weight in IMCI training modules 

r-- ·- - Table 2.12: Suggested growth monitoring in children- at different ages-

. Age Height/length Weight Head circumference Other 

th 11h, 31h, 6, 9, 15 mon s 

18 months-3 years (6 monthly) (6 monthly) monthly) 

3.5-5.5 years (6 monthly) (6 monthly) 

1 
6-8 years (6 monthly) (6 monthly) BMI (yearly) 

, 9-18 years (yearly) (yearly) BMI and SMA (yearfY) 

Adapted from guidelines of Indian Academy of Pediatrics (2006) 

BMI: Body mass index, SMR: Sexual maturity rating 
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Name 

· · '!'able 2.13: Examples of selected moblle apps to Interpret d ata 

Operating mobile system Basis of calculation 
AnthroCal Android WHO and IAP 
Growth percentiles Android WHO 

Growth chart CDC WHO percentlles Android WHO, CDC 
IAP growth charts Android, IOS WHO 

. Pediatric growth chart IOS WHO 

Pediatric growth charts by Boston Children's Hospital iOS WHO, CDC 
STAT growth charts Lite iOS WHO 
Child growth chart Windows WHO 
Ped (Z) Windows, Android WHO, CDC 

The authors provide this list only as examples; they do not endorse these apps. Many other apps are continually being developed, User discretion 
Is advised. 

Mobile Appllcatlons (Apps) for Analysis of 
Anthropometric Data 

Several mobile applications (apps) are now available for 
instant and quick analysis of anthropometric data 
(Table 2.13). While a few are paid, many of them are free for 
download. Some use the CDC charts while others use WHO 
charts for analysis. A few apps allow users to make choice 
of charts for calculations and interpretation. Many of these 
apps have additional capabilities and calculators. 

Suggested Reading 

• Agarwal DK, Agarwal KN, et al. Physical and sexual grow th 
pattern of affluent Indian children from 5-18 years of age. Indian 
Pediatrics 1992;29:1203-82 

• Agarwal DK, Agarwal KN, et al. Physical growth assessment in 
adolescence. Indian Pediatrics 2001;38:1217-35 

• Graham CB. Assessment of bone maturation-methods and 
pitfalls. Radio! Clin North Am 1972,10:185-202 

• World Health Organisation. http://www.who.int/nut·growthdb/ 
en. Guidelines on growth monitoring from birth to 18 years 

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 to be 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 

Short stature can be attributed to many causes (Table 2.14). 
Undernutrition and chronic systemic illness are the 

Table 2.14: Causes of short stature 

Physlological 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 

common etiological factors, followed by growth hom1one 
deficiency (GHD) and hypothyroidism. 

Steps In Assessment 

Accurate heigl1t111eas11reme11t: For children below 2 years, 
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 (Fig. 2.6 ). For older children, 

height should be measured with a stadiometer, as eA'Plained 

in previous section (Fig. 2.7). 

Assessme11t ofl1eigl1t velocihj: 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 years of age and increases during puberty 

I 
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the etiology of short stnture 

to a peak height velocity of 10-12 cm/yr. If height velocity 
is lower than expected for age, the child is likely to be 
suffering from a pathological cause of short stature. 

I 
Comparison witl1 pop11lntio11 uorms: The height should 
plotted on appropriate growth charts and expressed m 

centile or as standard deviation score. 

Comp11riso11 witl1 cltild's ow11 geuetic poteutial: Parents' 
height significantly affects the child's height. Mid-parental 
height (MPH) gives an approximate estimate of the child's 

genetically determined potential. 

Mother+ Father height (cm) 
6 5 MPH for boys = + . cm 

2 

Mother+ Father height (cm) 
6 5 MPH for girls = - . cm 

2 

This value is then plotted on the growth chart at 
18-20 years (adult equivalent) of age. This gives an estimate 
of the target height for the child and the percentile that 

he I she is likely to follow. 

Assessment of body proportion: Short stature can be pro­
portionate 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, l.S can be measured by taking the length 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 3years,1.1 by 

6years,1by10 years and 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 years and thereafter is slightly 
(usually, <1 cm) greater than height. 

Sexual mah1rity rntiug(SMR):SMRstage should be assessed 

in older children (see Chapter 5). Height spurt is seen in early 
puberty in girls and mid-puberty in boys. Precocious puberty 

ca':1 lead to early height spurt followed by premature 
ep1physeal fusion and ultimate short stature. On the other 

hand, delayed puberty can also present with short stature in 
adolescents as the height spurt is also delayed. 

Different/of Diagnosis 

Diagnosis is based on a detailed history, examination and 
laboratory evaluation. Careful history and examination can 

unravel many clues to . vestigative work-up lo bl! done 
(Tables 2.15 and 2.16). y and physicnl examination. 

'd db clues from his or 
is gm e Y Id be done in all children with 
Bo11c assessment shou of vnrious cpiphyscal ccntcn1 

' Tl nppearance ' II b short stature. le• 'ti mctaphyscs tc s n out 
f iphyscs w1 1 , i 

and fusion o C:P 1 'Id Bone age is convent onnlly 

skeletal mntu:1ty of left hand and wrist using either 
read from rad1ograpl -Whitehouse method. It gives 
Gruelich-Pyle atlns of the adult height hils been 

'd t what propor wn .. 
an 1 ea as o ' . d h . tis the remammg potcntinl 
achieved by the child an w a. delayed com P" red to 
f h . I t ain Bone age is ' 
or eig 1. glc · . !most all causes of short stilture. 

chronolog1ca age in a · h' h b 
. th' e familial short stature, m w 1c one 

Exceptions to is ar ' ' . b 
1 

· 
I hronological age and precocious pu er y, in 

age equa s c ' . 1 I . f 
h . h b ge exceeds chronolog1ca age. n case o 

w ic one a d . ' JI 
constitutional delay, undernutrition an systemic i ness, 

bone age is less than chronological age and to 

height age. In cases of growth hormone def1c1cncy and 

· Table 2.15: Clues to etiology of short stature from history 

History Etiology 

Low birth weight 

Polyuria 

Chronic diarrhea, 

greasy stools 

Neonatal hypoglycemia, 
jaundice, micropenis 

Headache, vomiting, 
visual problem 

Lethargy, constipation, 
weight gain 

Inadequate dietary intake 

Social history 

Delayed puberty In 
parent(s) 

Small for gestational age 

Chronic renal failure, renal 

tubular acidosis 

Malabsorption 

Hypopituitarism 

Pituitary or hypothalamic space 

occupying lesion, e.g. 
cranlopharyngioma 

Hypothyroidism 

Undernutrition 

Psychosocial dwarfism 

Constitutional delay of growth 
and puberty 

Table 2.16: Clues to etiolog.y Of short stature from examination 

Examination finding Etiology 

Disproportion Sk 1 e etal dysplasia, rickets, 

Dysmorphlsm 

Pallor 

Hypertension 

Frontal bossing, 

depressed nasal 

bridge, crowded 

teeth, small penis 

Goiter, coarse skin 

obesity, striae 

hypothyroidism 

Congenital syndromes 

Chronic anemia, chronic kidney 
disease 

Chronic kidney disease 

Hypopftuitarlsm 

Hypothyroidism 

Cushing syndrome 
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Table 2.17: Investigative work-up for short stature 

Level 1 (essential) Investigations · 

Complete hemogram with ESR 

Bone age 

Urinalysis including 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 

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) if low 
peak growth hormone levels 

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 2.17. 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 Etlologles 

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' These 
children show catch-down growth between birth and 
2 years of age, so that the height and weight come to lie on 
their target (mid-parental) centiles by the age of 2 years. 
Subsequently the growth velocity remains normal 
throughout childhood and adolescence. The body 
proportion is appropriate and bone age equ.als the 

chronological age. Puberty is achieved at age 
and final height is within their target range (Fig. 2.21). 

Constitutional growth delay: These children are born with 
a nonnaJ. length and weight and grow normally for the first 
6-12 months oflife. Their growth then shows a decele:ation 
so that the height and weight fall below the 3rd centile. By 
3 Years of age, normal height velocity is resumed and they 
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Fig. 2.21: Growth chart of a g irl 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 

(BAJ corresponds to chronological age and target height (range 
Indicated by vertical bold bar) is low 

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. 2.22). 

Table 2.18 lists features that distinguish between these 
two common causes of short stature. 

Undernutrition: 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 weight for height suggest 

the diagnosis. 

Endocrine causes: These are discussed in detail in Chapter 18. 

Skeletal dysplasias: Inborn errors in the formation of 
cartilage and bone, cause chondrodysplasias or skeletal 

I 
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Date Age Status I Weight ,-, ,-
- - - +-!I · 190 

- -"P7\h 

85 30 

80 25 

75 20 

15 

10 
- - 10 

"' .. " 5 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
Years 

Fig. 2.22: 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 centlle 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) ls lower than chronological age by 2-3 years 

- -
Table 2.18: 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 

dysplasias, that are usually associated with abnormal 
skeletal proportions and severe short stature (except 
hypochondroplasia, where growth retardation is mild). 

f mil history, measurement of bod 
Careful elicitation.of ? limbs and skull and 
proportions, exarrunatton ° . 
survey are required for diagnosis. 

. d . Turner syndrome, with an incidence of 
Genetic syn romes. f h t t tu 
1:2000 live births, is a common cause o s _or s a in 
girls and should not be ruled out even if the 

h 
· f tures are absent Other syndromes assoaated 

p enotyp1c ea · w·ii· R ll . 
with short stature are Down, Prader- 1 11 usse -Silver 

and Seckel syndromes. 

Psycltosocial dwarfism: This_ condition, also as 

emotional deprivation dwarfism, mat:mal 
dwarfism or hyperphagic short is seen m childr:n 

in unhappy homes where the needs the child 

are totally neglected. It is characterized by hypo­
pituitarism indicated by low IGF-1 levels and 
response of GH to stimulation. Therapy GH is, 
however, not beneficial. Good catch-up growth IS seen when 
the child is placed in a less stressful environment and 

nurtured with love and affection. 

Children born small for gestational age (SGA): Birth weight 
below the 10th centile for gestational age can be caused by 
maternal, placental or fetal factors. Most of these infants 
show catchup growth by 2 years of age. 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 
also considered responsible. 

Management 

The 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 

.the recommended amounts of macro- and 
rmcronutnents is recommended. The specific management 
depends on the underlying F · · cause. or phys1olog1cal causes, 
reassurance and annual monitoring of h · ht d ·ght . ff . 

0
. e1g an we1 

is su ic1ent. ietary rehabilitation for undernutrition and 

of w;'derlying condition such as renal tubular 
or cehac disease are generally associated with 

satisfactory catch-up growth Wi' th f f h y . . . · any orm o t erap ' 
with regular and accurate recording of height 

1s mandatory for satisfactory outco me. 
For skeletal dysplasias limb length . d re 

ff d f ' erung proce ures a 
o ere at ew orthopedic centers. For h oth oidis!ll1 

replacement is advised. For 
def1c1ency, treatment with daily subcut gr . . t' ons of 
GH is recommended GH th . aneous m1ec 1 

th d
. . h · erapy is also approved for several 

o er con 1hons t ough the d . lly hi h d . oses reqmred are genera 
g . er an improvement in final height smaller and more 

variable as compared to GH defi · 5 f these 
cond. r T c1ency. ome o 

1 ions are urner syndrome, SGA with inadequate 
catchup growth and chronic renal failure prior to transplant. 
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failure to Thrive 

Definition and Epidemiology 

�F�~�i�l�u�r�e� �~�o� thri:e (FIT) is a descriptive term rather than 
d1agnos1s and is �u�s�e�~� for infants and children up to 5 years 
of �~�g�e� whose physical growth is significantly less than 
their peers of same �a�~�e� �a�n�~� sex. FIT usually refers to weight 
�b�e�l�~�w� 3rd or 5th centile, failure to gain weight over a period 
of �~�e� �o�r�~� change in rate of growth that has crossed two 
maJOr centiles, e.g . 75th to 50th, over a period of time. The 
prevalence of FIT varies according to th l t ' 

led 
e popu a ion 

samp . 

Etiology 

Traditionally, FIT is classified as organic, where the child 
has so.me known underlying medical condition, and non­
?rgaruc or psychosocial, where poor growth is the result of 
inadeq_uate caloric provision and/ or emotional deprivation. 
�O�r�g�~�c� �~�d� �n�o�n�~�r�g�a�n�i�c� etiological factors may coexist, 
e.g. m �~�d�r�e�n� �~�1�t�h� cerebral palsy or multiple congenital 
anomalies. FIT is nonorganic in up to 80% of cases. The 
common etiological factors are listed in Table 2.19. 

Clinical Features 

These children present with poor growth, often associated 
with poor development and cognitive functioning. The 
degree of FIT 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 2.20). 

History, physical examination and observation of 
parent--clilld interaction are important. Detailed laboratory 
investigations are needed, only if history and physical 
examination suggest that an organic cause is responsible 
for FIT 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 FIT. 

�~�N�O�R�M�A�L�I�T�I�E�S� OF HEAD SIZE AND SHAPE 

Head growth may be affected by abnormal growth of the 
skull bones or alterations in brain parenchyma, cerebro­
spinal fluid or bone. 

Table 2.19: Causes of -faii"ilrei(; �t�h�r�l�~ �-�·� 

Organic 

Gastrointestinal: Gastroesophageal reflux, malabsorption, 
Inflammatory bowel disease, pyloric stenosis 
Neurological: Mental retardation, cerebral palsy 
Renal: Renal tubular acidosis, chronic kidney disease 
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 

Nonorganlc 

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

Macrocephaly 

Macrocephaly is defined as an occipitofrontal circumference 
greater than two standard deviations (SD) above the mean 
for age and sex (Table 2.21 ). Megalencephaly or enlargement 
of the brain parenchyma may be familial or assoda ted with 
inherited syndromes orneurometabolic disease. Infants with 
benign familial megalencephaly have increased head size 
at birth that persists through infancy along the upper growth 
curve percentiles, and is associated with normal body size, 
neurologic examination and development. Children with 
metabolic causes have normal head circumference at birth· 
macrocephalyis noted as the child gets older. �D�i�a�g�n�o�s�i�s�~� 
suggested by accompanying features and biochemical 
abnormalities. 

Hydrocephalus, characterized by an excessive amount of 
CSF, may be caused by increased production, decreased 
absorption or obstruction to CSF flow. Most patients show 
postnatal rapid increase in head size and are symptomatic 
due to underlying disease or raised intracranial pressure 
(nausea, vomiting and irritabilit y). Benign enlargement of 
the subarachnoid space is relati vely common and is 
characterized by head growth velocity that slows to normal 
by 6 months of age; development assessment and 
neurological examination are normal. 

Evaluation for macrocephaly is indicated, if the head 
circumference is above 3 SD of the mean for age and sex, or 

·----· --·--· - r < Table 2.20: Degree Of-fallur9 .. to thrive .. - -·- ..... · 
- -

Degree 

Mild 

Moderate 
Severe 

Weight-for-age Length/height-for-age · 
(% of median) (% of median) 

75-90 90-95 

60-74 85-89 
<60 <85 

Weight-for-height 
(% of median) 

81-90 
70-80 

<70 
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