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‘ Prof. Om Prakash Gha

Pn:-f. Om Prakash Ghaihad a distinguished academic tenure at the All India Institute
of Medical Sciences, Mew Delhi. He started the Department of Pediatrics in 1958
with six beds for children, Under his leadership, the departiment evolved into a
mullispecialty centre of internabional repube. Afber his retirernent as Dean of the Institute
and Profeszor and Head of the Department of Pediatrics, he chaired thie Department of

Pediatrics at the University College of Medical Sciences, Delhi, where he served until
19491,

Prof. Ghat was President of the Indian Acaderny of Pedlakrics in 1978 and President
of the Inkernational College of Pediatrics {fromn 1987 ta 19%0. The International Pediatric
Association presented him the prestigious Tnsignia of Merit Medallion® (1977) for his
autstanding contributions to child welfare, The Indian Council of Medical Research
awarded him the 1Ir Kamla Menon Prize (1983) and Amrat Moedy Prize (1985). The

tedical Council of India bestowed on him the Dr BC Rey Memaortal Award for “Eminent Medical Teacher’
(1967). He was awarded honorary fellowships of the American Academy of Pediatrics, the Nabonal Academy

of Medical Sciences and the Indian Academy of Pediztrics.

Fraf, Ghai served as a short-lerm consultant to the World Health Organization and Asian Development
Bank. He was a member of the Technical Advisory Group of the Control of Diarrheal [iseazes Program of
the World Health Organization [1987-89), He was member of the National Children’s Board and several
expert groups of the Government of India, UNICEF and [ndian Council of Child Welfare. He was the editor

of Indisn Pediatrics and member of the editorial advisory boards of rnultip]-e jowrnals,

Prof, Ghai was a teacher par excellence, an inspiriny leader and a frue visionary. His name shall always

remain etched in the annals of pediatrics of our country.




I Preface to the Ninth Ediition

Aﬁ we present the ninth edition of Essential Pediatrics, we are humnbled by the role this textbook has played
in imparting knowledge in child health to generations of doctors. Four decades ago, late Prof. OF Ghai
foresaw the need for a textbook of pediatrics for medical students of the couniry and South Asia. Thereatter, cach
new edition has attempted to present updated knowledge to an expanding group of undergraduate and
postgraduate students.

For India, the next theee decades offer a never-before window of oppeclunity o accelerate its economde growth
and emerge as a nation that would banish poverty forever, and attain heights of prospenty and well-being We
are transitioning through a demographic phase characterized by an exceptionally high young populativn
constituting a workforce that is available for economic activity and nation-building, This demographic dividend
can be realized ondy if children and adoelescents are healtbhy, strong and intelligent. Fediatrics, the scienoe amnd 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 system and
enaure financial protection for the vulnerable families in accessing care for children and adults alike. Preventive
and promotive health and nutribon will gain further ground, and the agenda of health loss due to prewmionia,
diarrhea, other infections, complications of preterm birth and vaccine preveniable dizeazes would receive even
mare altention, Adolescent health and develapment will ba increasingly important in the cormuing vears. We ame
already wimessing an upsurge in demand for healtheare for chronic systemic diseases, dev E'IElpmtnﬂ.'l dizomders,
disabilities and childhoad arigins of adult diseases. The realization that children have the rght to secondar: and
tertiary health care has stimulated the development of pediatvic superspecialty programs.

The present edition of Essentiz| Pediatrics continues to respond to these developments. The book maintains itz
freus on undergraduate medical students. While we ensure that the 'must know” contents are thoroughly covercsd.
we provide a plimpse of the “should know' cerriculum, 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. Ghad always reminded us. Given the
eraphasis on updated management of common childhord illnesses, primary care pl'wq:c:ann and pediatricians
would find the book usefil. As before, there are strong sections on cone areas that continue to serve the needs of
postpraduate students.

A nurnber of changes have been incorporated in this edition. We weloome neve authors for chapters on disorders
of development, central nerveus system, micronutrients, otorhinolanmgology, poisoning and accidents, and
integrated management of childhood illnesses. blest other chapters, especially on grovwth, outrition, icnmanization,
malignancies, genetics, inborm errors of metabalism and infections, have been revised, The CBSiCentral App
featuring Mlusteations . clinical photngraphs, tables and algorithms shall serve as a useful educational resource,
The editors are E';r"ltLﬁ.tE o all thae contributing authors for their scholarly inputs and ensuring that the El‘l:'l‘E‘lh;"h
continue to provide succinct and updated information, meeting the Imrru_ng needs of students.

We thank our undergraduate and postgraduate students for their suggestions on content. Dr Privanka
Ehandelwal has helped during multiple stages of preparation, ensuring consistent style across chaptors. Dr Aditi

Sinha, Dr Biswarcop Ehakmbarrj and Ur Jitendra Meena read through several sections and made nseful
3!.Lg51.'ﬁh4.1-n5

We thank our colleagues at CBSP&L, Mr YN Arjuna and Ms Ritu Chawla, for ensuring the quality of publication
of previous and the present editions. We gratefully acknowledge our colleagues at the ATIMS and other centers
for contributing illustrations and the support of vur secretaries, Mr Anil Bhutani and Mr Akhilesh Shara,

We whole-heartedly thank our readers for the trust, support and suggestions.
Vinod K Paul
Arvind Bogga
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Chapter

1

Infroduction to Pediatrics

The brarch of medicine that deals with the care of children
and adolescents is pediatrice. This term has roots in fhe
Gireek word peds pais (a child) and datres (healer). Pediatrics
covers the age group less then 18 years of age. The gnal af
the specialty iy toenable a chilid bo survive, remain healily,
and attain the highest possible potential of growth,
development and intellectual achievement. Child health
encompasses approaches, interventiona and strategies that
presemve, protect, pramote and restare Beallh of childven
at individual snd popalation lovel, A physiden who
spe{'ialimq in the healthicare of children and adolesconts
i a pedistrician,

Children under 15 years of age comprise aboul 30% of
Irclia's populztion. Childheod is the state when the human
being is growing and developing, It is the age to acguing
pood habits, values and lifestyles thut would make
children fit, respunsible and productive adults and
citizens. The family, soclety and nalion are duty-hound
to miaki children fecl secure, cared For, and ;|:|1'-:1t1§ctr_'r.5| frum
exploitation, violence and sqrietal ills. Female rh:[dIr!an Fme
gender bing in access (o healtheare and nubiition. A
civiliged saciety nurtures all ifs children, girls and boys
alike, with love, generosity and benevolance.

Child is nat a miniature adult. The principlas of adult
medicine cannot be directly adapted to !:]1ild:cn. Fe::hgm:
biclogy is wnique and risk factors of dlsu_ﬁse are distinet.
Clinical manifestativns of childhood diseases may be
difforent from adults. [ndeed, many disurders art Lnique
i children—these du piot oocur in adults. _D'.I.‘Lig d.l'_'l'.-'u:'l.gﬂﬂ
inchildren are specific and not 8 milhemsaiical derivation
of adult dosages. Wholesome nuETition 15 BVED mare
'imPﬂﬂﬂ.ﬂl for children not only to sustain life, but also to
¢nsure their growth and developrment.

PEDIATRICS AS A SPECIALIY
Pedialriis s a fascinating speciality. I Enmmaﬂn:ises .;ai,.:
of premature nconakes ot the cme ha_nd,_md_ : E‘Enz-n 3,
an the other. The discipline of pediatrics has H-‘anilmﬁ
into well-devel pped superspecialities (such #s nconatology,

Vinod K Paul

nephralogy, pulmrnalogy, infeclions discase, eritical care,
neurology, hemato-one oclogy, endncrinology and
cardiology). Pediatrics encompasses intensive carc af
neanates and children using (e most sophisticated
technology, on the une hand, and, providing home cire
to newbums and children, en the other, Child health is
hua & state-of-the-art clinical sciener as well as o rich
puhlic haalth discipline

Medical students should pussess campetencies for the
care of healthy wnd sick children. The agenda of high child
mortality due to pocumanea, necnatal infections, pretarm
birth complications, diarthes, bieth asphysia and vacelne
preventable diseasas is still unfinished, The benelils of
adwancing pediatric sprecality care must reach all children.
Besides, an increasing body of xnwwledge on pediatric
origing of non-communicable diseases of the adult is 20t
to change the paradigm of ¢hild health. Primary
presentinn and carly detecHon of adult disorders is an
mmpurtant goal of pedialdics. Adolescence nlfers ssennd
chance in life to shape gowd Bfestyles and prepare for
adulthinad.

HISTORICAL PERSPECTIVE

Medical care of children finds place in the ancient Indian,
Creck and Chinese svstems of health. But az a formal
discipling, prdiatrics tnok root in Eumope and the U5 in
the 19th century when some of the Famous children
hospitals were established. B} Huspital fur Children,
Mumbid was the fiest child hospital 1o he established in
India im 19268, Postgraduate diploma in pedialrics was
started there in 1944; postgraduate degres programs began
in the fifties. Pediatrics became an independent subject in
MBS course in mid-nineties. The first DM program in
necnatology starbed in 19689 at PGIMER, Chandigarh,
followed by one in pediatric neurelogy at AITMS in 2004,
LIalf a dozen insfitutions in the country now run DM
programs in various pediatric specialitics that include
nephrology, pulmonalegy, critical care, hemaiology-
oncolegy, ehicalogy, cardiology and endocrinolagy,
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CHALLENGE OF HIGH CHILD MORTALITY

India has the ]'L'i.g:"u!Et nuamber of child bipths as well s
child deaths for any single nation in the world, Each year,
as many az 20 millicn babies are born in India, This
comprises 18% of the global birth cohore. Of the
595 million under 3 child deaths in the world in 2015,
1.20 million (20°%:) occurred in our counkry. Tabla 1.1
provides the most recent fipures on the key child mortality

AL 3R per 1000 live births (HI6], under 5 :I'IH'.I]'ta.l.i.l'__l." im
Ehe countey is unacceptably high given our stabure as an
eoonomic, scivntific anad strateyzic power, Under 5 maortality
rate (USME) in Japan (3], UK (4), USA (7), Sri Lanka {14),
Thina (11} and Brazil (18] is worth comparing with that
of India. Greal nations not only have negligible child
maortality, bul alse ensure goad health, nuirition,
education and opportunities to their children. Almost 605

af under 5 deaths accur in the neonatal period (<28 days

Table 1.1: Child mortality indices in India in 2016

Inaices Hate

Under & maortadiby mie (LUSKA) a2 per 1000 live birtts
Intant mortality mta (ME) 34 pagr 1000 live birts
Maonatal moartatity rate (NKR) 24 peor 1000 lIve births
Early nacnatal morlality rale (ENMRA) 18 per 1000 live births
Late necnatal mortalty rate (LMMA) 06 per 1000 live Dirtna
(AsRAR: Murnbar of desihis under the age o 5§ yea ™ fer 100 Gve Didns
IMF: Mumber of dealhs snder thie age of 1 yaar pec 1000 live bitthe
HKA: Mumber of deaths under the gge of 28 daye par 1XI0 live brihe
ExME: MuTiter of deatns wader the apa of 7 days per 1000 liva biths

LMW Mumber of deslhs afier complating 7 days of aga bt befare
28 daya per 1000 Bee birhs

an

of lifel, and fhe neonatal mortality INMR} accounts gy,

ihﬁﬁiﬁa steady decline in child deaths, TUsyp
has d[';_.].iTLl:'i.] by almost n'..'r!-?]‘lil'.Lli-'_- between 1950 ,:rnd.mlﬁ
from 126 to 43 per 1000 liwe hirths. T_I}E cﬁmm T;m
the Millennitm Development Croal 4 © ac":":; E:ng _E'f'-lFt
of 43 ry 2015 by just Lne pumber- Hli.“t'ﬁ"ﬂl'_'[l_,:,_ . .,dand u'fl:lﬁ.
InAR dec]ined-hy L%, while .‘n.‘-'v{l-i_l.!ec'rtaur vy a3,
(Fig. 1.13. The carly necnatal r_nnrtahr;.: [ilE:Etqu under 7
days of life] has been less amenable 'r_-l:r change, .,
I 2016, there were 9.8 Jakh under-3 deaths and 57 Lykh
neonatal deaths in the country. . |
ali rams focus generally on child deaths
unﬂbﬁ?;i?ﬁ; years (under-3 ;nnrtaiit-;]._ T T:‘EI'ﬂ R
TME anal NMR largets enshrined in the Mational Healty

Policy 2017 arc depicted in Table 1.2.

Why do Children Die?

The sight important cases of under 5 mortality in chillren
in Tndia (with % contribution) arc; (i) I::_UmE_E_yZ stiune of
prematurity (249, (i) preumania [13%0, ‘[111.' P-P--’Iﬁ-at.u.'
infectians {129, (iv) diarthea (115), I:‘r;f: hlftli.'.“ﬂs:.?h}".!:l.l,
(11%), {vi) congerital malformations (4%}, {vifl meashes
(3, and (viii) injurias (3%) (Mg 1.2). The a:b_u Vi LiTUsES
are the proximate conditions thal lead to death. Poverty,
iNliteracy, low caste, rural habital, harmiul cultvral
pracli ces, and pock access bo siafe water and sanitalion are
impeoriant determinants of child health. Undernutrition
is 2 critical underlying intermediate risk factor of child
mortality, associated with about 45%; of under 5 child
deaths. Underputrition capses stunking ancd wasting
predispases to infections and is associated with adult
disorders and low economic productivity.

T
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Tabde 1.2: Child martality targets in the Matisnal Health Palicy 2017
Redues Undar Five Mortality Rada (UEMRB) o 23 2er 1000 fve
birthe by 2025

Reducs infant Martality Rate (kL 1o 28 per 1000 e Bilhs
oy 2014,

Redwos Neonatsl Modallty Rate (NME) 10 18 par 1000 lve
blths by 2025

MATIONAL PROGRAMS OMN CHILD HEALTH

Child health has bean at the core of our health policy. The
Universal Immunization Frogram launched in 1983
focused on immunization against six diseases
{taberculosis, peliomyelitis, diphtheria, pertussis, teanus
and measles). The Diarrhoeal Thsaase Control Progrnmme
was initiated in 1987 and Acute Respicatory [nfeclinns
Central Programme in 1990, 15 1992, India launched the
Child Survival and Safe Motherhood [C55M) program by
combining interventions far child survival (immunizabon,
control of diarrheal disease, respiratory infections,
vitamin & supplemeantation, exsenmtial newbom care] asnd
maternal bealth (antenatal care, deliveries in instibations,
emergency obstetric cace). Tn 1997, the progeam for family
planming and the CS5M program were merged ta croate
the Reproductive and Child Health Programme. In phage
2 of the RCH program (2003), adolescent health component
was added,

The govesnment kmched the Mativoal Rural Health
Mizssion (WRHMY in 2005, Thia mizssion oelodoed
investment in public health, improvements in hoalih
systems, focus on communitics, decentralisation and
dermand-side inlesventions o improve effectivencss of 1he
programs. The REH prageem was integrated into the
DIRELR, wrtkly prime foewy on ehild and maternal bealtk,
Sleategivs nclude deployment of moe than SO0 000
ASHAS anlnerese in ANMs, nurses and doctars; setling
up af village health sl sanitation; strengthened primary
health cara infrastructure; strengthened program
manmagement capacily, establizhmen! of paticnt-welfare
committees at facilities, and creation of RMETEency
Lransport nelworks

In 2013, the gpovernment reviewed maternal and child
health prograsy under NEHM and launched a Stratogic
Approach to Reproductive, Maternal, Newborn, Child and
Adolescent Health (RMYNCH+A) under e X1 Man, Thi
Intervention packages under tho RMNCH+ A stratopy atdd
details are shown in Tabkle 1.3.

With the advent of the Mational Urban Health Mission,
the WREHM s now called ds National Flealth Mission
{INHM). The rales of ASHA, AWW and ANM in matemal,
newbarn and chibd health in natiena) peogeams are shown
in Table 1.4,

In 2014, the country Inunched Indin Newborn Action
Plagy (INAT) which commits the vountry by single digi




B ¢ Essential Pediatrics s

Table 1.3: Summary of matemal, nawborn and child haath sencas undar NHM

Fragnancy, childilh and immeadiste newbam care  Interventions

Ekillad obstattic cara and estential newoom cara Peckage i
Including resuscitation Facility dasvaries by skilfed birth anandants
anﬁ1ﬂ| rﬂgug{\-"fﬂ_ﬂcn :NEI..'JEI shIEhu SIJFEI.HHEI F':F-II"!.EHTEH'I 1Fat alms ko taln

nursas and docters In neonatal rasuscitation)

i . x i
Emargency Obsiesrc and Mawbarn care (EMONG)  Essenlial newborn care (warmth, hygionc cirs, breastiseding, exira care of
amall bak ek, sicknoss datection)
Linkagas to Faclliy-based Newbom Care for slck neonates

Frogram drivers _ _ o
Postparium cara for modher and baby Janani Suraksha Yojana (J3Y) that provides cash incentve 1o Wiaman

fand to the ASHA) for delivery in the acllity :

Janani Shishu Suraksha Karyakram (JSSK] thal entities the mather and

infants 1o free delivery, medicines / blacd, diat, pickup and drop in govarmmerd

facildiss

Mewtorn and child caro

Home bazed newbom care Home visits by ASHAs {six for facility born babies, on days 3, 7, 14, 21, 28
ard 42; an eaira visit on day 1 for hems birlhs)
Interventions far Infants

Exarninatlan: counsel lor warmth; breastieading; hygiene; extra care ol low
Lirth weighl bables; detectlon of sickness, raferral

Interventions for mather .
Poslpartum care and counsalling for famity planning

Frogram driver :
ASHA paid incenlve for homa care, birth wesght record, birth regisiration
and Immunization (BCG, fiest dose PV and pentavalent)

Fecility based rewberm care Special Newbormn Care Units (SNCUs)
Thesa speclallzed newborn wnits at distric hespilals with speclalised
pquipmernis incheding radant warmears, These units have 12-16 bads wilk 3
gtaff of 3 physicians, 10 nurses and £ support stafl 1o provide roand e cock
senvices for newbom reguiring specisl care, such as thosa with very B
Lirth weight, reonatel sepaisfpneumenia & common complicalions,
Newborrt Stabillzation Unlts (NBSUs)
These are stap doven units providing facliities lor neanatas from the periphery
whera babies can be siabiized through offectiva cars. Thesa ara aet ug 0
CHCs and piovide services, including resuscitation, provision of warmth,
inisigtion of breastiending, orevention of Infection and cord cara, supparliva
carg; oxygen, |V Huids, provision for manitoring of vital signs and refarmal.
Newbornh Cara Cornars (NBCCs)
Thess ara special cormers within the labor room at all facilities (PHG, GHG,
OH} where deliveries ooour, Services includn rasuscitation, provision of
warmih, prevention of infactions and early initiation of breastizeding.

Program driver

Janani Shishu Suraksha Koryakram [(JSSK) that enttles the mothar and
infanis to free dalivery, medicinea’blond, dist, pickup and drop In governmen

tacilitles
Integrated management of common integrazed Managermont of Meceatal and Childhood liness (IMNG 1) by ANMS
chikdhoed ilineseas and at first leval lacility (PHC)

Facliity—IMNCY at frat referral leval (0.9. CHS), Focusas an providing inpatiant

management of major causes of childhood morality such as asphyxln, sopsis,

low Birth weght and pnaumonia, dismhes, malaria, meningltis and severs

malnuritlen

Pragram driver

Jananl Shishu Sureksha Karyakram (JSSK) that enilties the Indants to fraa

dalivery, medicinestiond, died, plekup and drop |n govarnmant teciliies
-:gn‘l‘-j..

—_— _-‘
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Tabie 1.3: Summary of maternal, newborn and child hoalh aervices undar NHM (Contd...)
MNewbom and child carg
Ay Unharsal immunlzaflan Programma now =eludos 7 voczlna pravendnblo diseasos
(BCG, pollo, diphihoria, perhuges, betonus, measias and bopatitts B) for oll ehildnan
glvan push by Mission indradhanusah to enners no ona 1s folt boehlnd
Penteviiort {OPT, hepatitls B and hormophiug Inlivenzo B) vicsing
OPV supplementary dosos adminiatored an Notlonal Immunlzation Days

Injesiabie polo vacelna (1PY)
MR (measies and ruballa) vaccline
Rotavirus vaccing in selacted states
Preumococer! vaccing inltlated in saleciod slalos
Japanase ancephalls B vaccing In endemiz distrlets; combdng:l wiih souting
immunizaticn
Child health screening and sarly intervention Launchad January 207 3; child health scrooning and sarly Intervontion sericns
sanices (Rashirlya Bal Swasthya Karyakam; RBSK) through mobila health teams &t black laval.
Secreening of all childran (0=6 voors' oldl enrcllod af least iwico o yoar for
an disorders {40s).
Defacts (neural tube defect, Down syndrome, clefl lpfpolane, club feol,
dysplasia hip, congenital calaract or deafnesa, congendal hearl dispases
and retinopathy of prematurily)
Deflclencles Janamia, vitarin & dellclency, vitamin O dadiclancy, sevora aculo
raalfiutsilicon and goiter)
Diseases (skin condibions, oltis media, reumatic hear diseaso, reactlye
girway disease, dental carles and convulalons;
Developmential delays and disabilities (vislon or hearing Impairmant,
naurzmaiar impalement, matar delay, cogniilve delay, language dolay,
bBehawiour disardor, laaming disorders, altenlicn dallcit hyparaciivity disordar)
Opttoral {congonital Rypolhyroidism, sickle cell anemia, bata lhalassamiz)
Freg managament of tvess childron ol district eardy intervention centres or
idasaltiad tarliary leval institulions
EHE: Coermmunily nealth cenire; PHE; Primary heallh centie; DH: Déstricl hospilal; Fuethar radog; State of indla's ¥ewborns 20714
Table 1.4: Rolas of grassroots team in child haalth

Huole in maternal, neadom and shild health

Mobilizing oregnant moihar for entenatal chuck and cars
Accampanylneg pregnant molhor o facility for delivary
Homa care of the nawborn and post-parum moihers
Facibitating Immonization

Promeding complemertary faeding

Primary care i diarhen and pneumonia

Health education

Providing nutrition supgfement to pregnant mother and childron
Fagilitaling eriaratal chacks and immunlzalion

Fromoding infan and young child feedirg

Growth menitaring o children

Suppramentany fuir 1on o childran

managing malnourishad childran

Mon=tenmial pre-sthool aducalion

Faclitating antenatal checks and care of pregrant mothars

Franvidar

ASHA
Accredited Social Haaith Activist

AWw
Anganwarl Worker

ot ImmiumniZation
ili idwifa

Ry Nurser Mg Supervising ASHA and AWW In newbaorn and child care
Providing IMNCI sendees for nacnates and childran
Antenatal checks
Heakh education

T gewarnmant has alsa revamped e aoalescent heath Lrogramme, namaly, the Hashirya Kishorg Swasttiva Karyakram with {ooes on aulrton,

mrntal heatth, oreventian of Injuriag and vinlence and preventlen ol suostanca misuse and addressing nen-

seaual gnd raproductive heath,
SoOMmmUmcata disease.
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MM and stilbirth rate by 2030 and lays down stratepies
to achieve these targets.

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

Since 2014, the government also observes the
Intensificd Diarrhea Conteol Fortndght (IDCF) in June/
July to intensify efforts to reduce child deaths due to
diarrhoea. Through this initialive, 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 (HEYC), will be introduced in 2015, This encompasses
3 monthly home visits by ASHA waorkers fram 3 months o
15 months of age. The progrimn aims to ensure introduction
of complementary feed at & months of age with adequate
nutritipnal intake with increasing age, contnuing breast
feeding; counselling for immunization, and eazly care
seeking in diarrhea and preumonia; growth monitoring
and care of undernourished child; early childhood
development; and to ensure hygiens and sanitation.

All these efforts coupled with overall socin-economic
development are paying good dividends, India has
attained mnstitutional delivery rate of ever 80%, a
remarkable jurnp from just 39% a decade ago. 1In 2015-16,
full immunization coverage (BOG, OPY, DIFE, measles)
wias 62% and use ORS for diarrhea reached 51% (compared
to 44% and 26% in 20056-U6, respectively).

—

FUTURE OF CHILD HEALTH .

i ic addressing child health 'L']:'!‘:"I“Ertgeg. with
The ![;iﬂé:;:l::l st than ever befare, Investroents arg bffng
- ade for health programs and health system strengthening,
Likewise, complete conditional cash transfers ang
ontitlements are enshrined to stimulate demand for
raternal, newborn and child healthcars. The country 4
SUTEIng ahead with stronger emnml'n_s“ gnd accelerated
development. Child health and survival is at the core g
the Mational Health Policy 2017 as well as country’s
commitments for the Suﬂtainﬂhlff Development Goals
(G13Gs). Ayushman Bharat indtiative of E]"-.E Euvermment
annu-u.uu-e-::[ in 2018 prcompasses 5r:n=.-1:|gthen| ng of primany
health care by developing 150,010 rulialfh and '-'1_'1’:||.r|e55
centres, and by providing firmncm_l‘ mete::tmﬂ _;u,
hospitalizativns for 1010 miliii.flIl f_ﬂ_ﬂmllﬂs (502 million
persons). The latter will enable families cashless acress fo
in-patient care for pediatric and neonatil illnesses. Swachh
Bharat mission will help reduce il health. India is poisad
to attain low child mortality rabe, and improve rernarkably
the health and autriton status of her children in near future
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Growth

Growth is an essential feature that distinguishes a child
from an acull, The provess of growth stacts from the time of
conception and condinges until the child rnes ko a fully
mature adult. The terms ‘growth’ and ‘development are
often used bogether, but are not interchangeable because
they represent bwa dilferent facets af the dynamics of
change, i.e those ol quankby and quality.

The tetm groteth denobes a netincrease in fe sise or mass
of tissues. It is Jargely attributed Lo maltplication of cells
and increase in the intracellulzar suhstanen, Hyportraphy
or expanzion of cell size contribules to a lesger exbent b the
pricess of prowth,

Developrient specifies maturation of fanctions. Ttis related
to the maturation and myclination of the neryous system
and indicates acquisition of a varety of skills for optimal
fenctioning of the individual.

Growth and development usually proceed conourrently.
While they are discussed separately, both growth and
development are closely related; heree, factars atfecting
one also tend to have an impact on the other. Luring parly
embryanic period of life, an exponential En-_:ru;:m,& i the
nuumber of cells nocurs. At the early embryonic stape, fotal
cells divide and differentiate b form tissues and OTgANS. Tn
the lalter half of pregnancy art earl‘w_-_-;-hildhuuui thers s
alan an increase in cell size. TEis manifedts as an ncreass
in the protein to A ratio, The coll aize -:-::nl.inuc? fowrlargs
until abowt 14 vears of age. The body cells rernain i astate
oFdynamic equilibrium; hence aging cells are continuausly
teplaced by new cells, The rate of turnover of cells in
different Hssues is variable.

FACTORS AFFECTING GROWTH
Fetal Growih
Fetal growth is influenced pr

maternal facturs. Inhurnmt:u-c.
Weight | : to genetic factors _
me"l’gjl:tnﬁlﬁ?i;] gcmns. The fetus has an inherent growth
| Potential. and under nurmal groumstances, grows inte o
'- hﬂ-llh}r appmpri.ate sized mewbormn. The maternal-

imarily by fetal, placental and
40% of variation in the birth-
while the rest is dug bo

Ramesh Aparwal * Naveen Sankhyan ¢ Vandana Jain _

placental-fetal unit acts in harmony to provide the needs of
Lhve fetus.

Genefic potential: Parental traits are uswally transmitied to
Lhe affspring, Thus, tall parents have tall children; the size
af the head is more clusely related to that of parents than
are the size and shape of hands and feed. Similarly, the
atructure of the chest and fatty Hizsue has better genetic
association than other somatic characterishcs.

Sex: Bovs are penerally Laller and heavier than EFifI-" at the
b ol ik,

Fetal hormones: Human fetus secretes thyroxine from the
12th woek uf gestation, Thyroxine and insulin have an
impurtant role in regulating tissuc accretion and
differentishion in the fetus, Both hermones are required for
noemal A rovekh and d-e*'l.-'l._'zl_.j':-mmﬂr 'pqlrl_'lr:u]ar],}' during laje
gestalion. Glucocorticmids also play an important role,
primarily towards the erd ¢f gestation and influence the
prepartum maturation of organs such as liver, lungs and
gastrointestinal ract Groswth honmone, though present in
high levels intetus, is nol known to influence fetal grow th,

Fetal growil factors: A L:l_rgi: number of growth factors
are synthasized loeally in fetal Hssues, and act principally
h}' Aulnerite and 2 ccrne mechanisms. Theip T rimie oHect
is an call diviaiare, |'||-:||_|§'|1 |'|1|;_':.-' also influence I-‘-'lh-'l'“ra'l-ﬂ"l.‘i.'t"n'-
af Hasue geowih. These factors can be ball wrowth
promoting or inhibitory. The insulin like growth factor
{IGE)T and TGF-IT are among the most extensively studied
fetal growlh factors.

Macentid factors: As in most species, fotal weight directly
eorrelates with placental weight at term. Fetal groawth is
highly dependent on the structural and fonctional infegrity
af the placenta. With advanzing gestation, the weight of the
placenta increases tocater b the inereased needs of the baby,
There are imporfant functional and structural changes in
the placenta that make this adaptation more efficient. The
total villows surface area inereses, e diffusion distanee
decreases, the fetal capillaries dilate ard the resistince In
fetoplacental vasculature falla. This posidive remodeling
facifitates nuttient transpart across the placenta.
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Maternal factors: The mother's own fetal and childhond
prowth amd her nutrient intake and body composition at
the time of conception and during pregnancy, play an
important rale in determining fetal size. Teenage or
advanced age, recent pregnancy, high parity and anemia
negatively influence fatal size and health, Maternal inkade
of tobaceo (srmoked or chewed) and deug or alcohel abuse
also retard fetal growth. Obstetric complications such os
pregnancy-induced hypertension, pre-eclampsia and
multiple pregnancics preduce fetal growth restriction, Pre-
existing chronic systemic disease (chronic renal failure,
congestive heart failure) and acquired infections (rubella,
syphilis, hepatitis B, H1V, CMV, toxoplasmosis) may
influence fetal growth.

Postnatal Parod

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

Genmetic factors: Both chromosomal diserders and mutatinns
in specific genes can affect prowth. Chremasamal defects
like Turner syndrome and Down syndeome manifest as
growth retardation. Mutation of single genwes may resultin
inherited retardation of growth, ez, Prader-Wili syndrome
and MNoonan syndrame. While most disorders [ead b0 short
skature, some genetic defects can also result in tall skature,
e.g. Klinefalter symd e and Sotos syrudrome,

Irtrauterine growth restriction (IUGE R IUGHK resulting in
lonw birth weight (LBW) comstitubes an important risk factor
tor postnatal malnuirition and poor growth. TEW increases
the odds of undeneeight, stunting and wasting ir: the first
5 years of life by 3 to 5 times. At 0 months of age.
approximately one-third each of underweight (2%,
stunting (8% and wasting (22%) are atiributable to TEW,
At ages between 1 and 5 years, LEW accounts for 16-21%
of wasting, B~167% of stunting and 16-19"% of underweight.
Alrmost ane-thitd atul cne-Afth of infanis have wasting and
stunting, respectively, even at birth (Fig. 2.1).

Duringe early infancy, exclusive breastfeeding provides

adeq?ﬁnulﬁl‘inn, ;:;e‘-'ﬂnts infections and protects the
infants from furthier undernourishment. H{IM"E‘-"'EE,.a.I: -5
months, the comman practice af SUP.'P]F-'E'E“-“E t_h{" ] ”—f}“"lE-
with animal milk increases morbidity due to infections
leading to underweight and stunting, Subsequently, faulty
complementary feeding practices {starting oo fale, using
toa little and wery less calorie dense foods) along v.::th POGT
hygienes lead tu a further rise in rates of underweight and
stunting,
Hormonal infleence; Normal growth cannut proceed without
the right milicu of hormones in the body throughout
childhond and adolescence. Absence of growth hormone or
thyroedne resulss in dwarfisen, underscorng the importance
of thiese factora in promoting growth, During :id-:JlEHEen-:q,
andrngens and estrogens have an inpartant irfluence un
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 inbuys of corresponcding ages at the Bmeof
full maturity.

Nutrition: Growth of child ren suffering from protein-energy
malnutrition, anemia and vitamin deficiency states is
reba rl e Caloiaem, iron, 2ine, iodine and vitarins A and D
are cluscly relnbed bo disorders of growth and development.

Cn the other hand, oversating and obesity accelerate
somalic gronwth,

Infections: In low resource settings, one of the cornmonest
contributors to poer childhood growth is infections.
FPersistent ¢r recurrent diazrthea and respiratory tract
infections are common causes of growth impui;munt.
systemicinfections and parasiticinfestati orsmay also retard
the velocity of growth. The risk of stunting at 2 yearsof ageis
shiown to increase with each episode of diarrhes and with
cachday of diartheabefore 2 years of age. It was also shown

thattheattribatablarisk For stunting for 5or more episudesof
diarrhea before 24 inonths of age was 25%,
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Fig. 2.1: Propariion of chkcren with shuntire, undersakght and wasting
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Chemtical agents: Administration of androgenic hormones
initially accelerates the skeletal growth. However,
androgens cause the epiphyses af bones to close
prematurely, Eeading to early cessation of bone growth,

'rmu_l_nu; A fmcl:u riat the end of 4 bone may damage the
Browing epiphysis, and thus hamper skeletal growth

Foclal Foctors

Secirecanomic Ievel: Children from families with high
Areibeconamic level usually have better nutritional siate.
They suffer from fewer infeclions because of better mtrition
and hygienic living conditions.

Pwer_'ty.- Hunger, undernutrition and infections, often
associated with poverty, cause poar growth,

Natural resources: Plentiful natural resources enco rago
industrial and agrieultural enterprise in the country.
Impruved nutrition of children in the community is
facisitated when there is a climb in Eross natiomal product
and per capita income is high.

Climate: The velnelty of growth may alter in different
seasons and is usually higher in spring and low in summer
manths, Infections and infestations are commun in hot and
humid climate, Weather also has & pivutal effact an
agricultural productivity, ready aveilability of food and
capacity for strenuous labor by the population,

Emaotional facters: Children from broken homes and
orphanages do not grow and develop at an uptimal rate,
Ariety, insecurity and lack of emational support and love
from the family prejudice the neurachemical regulation af
gruowth hormoene release. Parents who had happy
childhoad and carry a cheerlul personality ane more likely
to have childran with similar countenance.

Crultvral factors; Methods of child rearing and infant feeding
in the community are determined by cuttoral habits and
conventions, There may be religious taboos against
consumpticn of particular types of food. These aMect the
nutritional state and growth performance of childeen.

Parcwtal ehecation: Mothees with more education are more
likely to adopt appropriate health promoting behavioes,
which have direct and indirect influences on growth and

develupment.

Conzequences of Impaired Growth

Matemnal and child undermutnition is the underd ving cause
of 35 million deatha annually and accounts for 35% of the
dizeage burden in children younger than 5 vears, [t is
estimated that India has more than 01 mellicn shanted
childlren, that amounts to 34% of the glubal total.

Several major disorders of later life, inchuding coronary
heart disvase, hypertension and type 2 diabetes, uriginate
from impaired intrauterine growth and development,
These discases may be consequences of ‘programming’,
whereby a stimulus or insult ata critical, sensitive period

af early life haa permarnent effects on structure, physiology
and metabolism, The “Developmental Origins of Health
and Diseazes; DIHal; Barker hypothesis” progaszes Lhal
alterations in fetal nutrition and endocrine status resul:
in developmental adaplalions that permanently change
structure, physiology and metabalism, thereby
predisposing individuals to cardiovascular, metabalic
and endoerine disease inoaduolt life. As a result, infants
Bornwith low Birth weight have increased risk of diabetes,
hiyperiension, ceronary artery disease and hyperlipidemia
in adult lite,

Lows of Growih

Growth and develepment of children is a continnows and
orderly process: There are specific perinds in a chil d's Tife
when the rate of growth is steady, accelerales or decelerates
(Table 21). The ferus grows fast inthe first half of gestation.
Thereakier, the rate of growth is slowed down untl the
baby is bom. In the early postmatal perind, the velocity of
growth is high, especizlly in the first a few months,

Thereafter, there is slower butsteady rate of growth during

mid-childhocdd, A sccond phase of accelerated growth

voours at pulerty. Growth decelerates thereateer for some

tme and then ceases altogelher. The general bady prowth

s mpad during e fotal life, lrst one or bwo vears of pustnatal

lite and alse during puberty (Fig, 2.21. In the inturvening

years of mid-childhood, the comatic growth velocity is

relatively slowed down,

Graweth patters of every individual is wrrtener Order of
growth is cephalocaudal and distal to prosimel. Durine
tetal life, growth of head corurs before that of neck, u:l;-
arms grow befare legs. Distal parts of the body such as
]'!sm-_'lﬁ- increase in size before upper arms, In the postnatal
life, prowwth of head slows down but [ivbs continue to grow
rapidly.

Table 2.1: Periods of growlh

Prenatal perlod

Ceum 0 to 2 wasks

Embryo 3 1o & wasks

Fetus B viesis 1o bidh

Perinatal pariod 22 weeks o 7 days after bira

Posinatal period

Hewborn Firs! 4 wesks afar birh

Inlant Birth tn <12 months
(neartade: Bidh to 28 days:
post-necnate:; 28 days o <1 year)

Toddiar 1 year o 36 months

Freschool child 37-7E maonths

School age chid 73 mantha-12 years

Adolascence

Eariy 10-15 yagrs

kiddl= 14-16 years

Late 17=20 years
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Ot groavfle: The brain enlarges rapidly during the lattar
micnths of fetal life amd early months of postnatal life. Atbirth,
the head size is about 63=70% of the expected head size in
adults. it reaches 20% of the adult head slze by the age nf 2
years. Thus, the fetal phase and tho first tvo yearsare crucial
perinds forbrain devalopment. Later periods are alan imipor-
tant for acquiring neuromaoter functions and cognitive
alility.

Growt of yonads; Gonedal growth is dormant during
childhood and becomes conspicunus during pubescence.

Lymphnid grawth: The growth of lymphoid tissue i most
notable during mid-childhaod. During this pericd, the
lymphoid Bssue s overgrown and its mass may appear o
be larger than that of the fully mature adult, A sign of
acoelerated lymphotd groweth is the frequent finding of large
tonsils and palpable lymph nodes in normal children
betwieen 4 and B viears,

Growth of body fad and musgle mass: Body Hssues con be
divided into fat and fat-free components, The lean body
mass includes muscle tssue, internal organs and skeleton
and containg only a small amount of fat. The growth in
lear body mass is primarily due to increase in muscle mass.

A0

e—————— 100%
Brain growih | Somets growdh
2 ® i
: 12 2 . 12
fm in vaprg Age in years
| 100% 100
Lymphoid growlh Ganadat growih
i 2 A
Age In years Age In years e

Flg. 2.3: Rotes of growth of diferent feuas arg QS

Lean body tnass eorrelates |:|_|:|-3|:|}|- with stature. Taller
childrenhave grealer lean body mass than sharter children
uf the same age. After the pubertal growth spurt, boys have
greater lean body mass compared 1o zirls, Body fat is the
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storehatise of cnergy. It is primarily duposited in Lhe sub-
rutanecus adipose Hssue, Girls have more subcutaneous
adipose tisaue than bows, Moreover, the sites and quantily
of adipose tissue differs in pirls and boys. Giels tend to add
ucdipose tssue to breasts, buttucks, thighs and hack of arms
during adalescence,

SOMATIC GROWTH
Skeletal Growth

Skeletal growth is 4 coninuous process oocurring during
the whole of childhood and adolescence. Tt is steady until
the pubertal growth spurt when it accelerates and
subsequently slaws sunsiderably. The skeleton is mature
onee the epiplhiyesis or growth plates a1 the end of Inng bones
It‘us.-etu the shatt or disphysiz. This oocurs by shat 18 vears
in girls anid 20-22 yvears in boys. The degree of skeletal
makuration closely coerelates with the degree of sexual
malurabon. A child who has advanced sevual maturiey
will ulso have earlier skeletal maturasion. )

Skeletal mahiration is assessed by noting the appearance
and fusion of epiphysis at the ends of long bones, Apart
from this, bone mineral densiny can be ascertsined by dual
energy feray absorptiometry [DXA] This methed allows
assessment of bone mineral content and density al different

S,

Bora Age Esfimaotion

Agsessment of bone age postnatally isbased on (i) number,
shape and size of epiphyseal centees and (i) size, shape
and density of the ends of banes. Tanner apd Whitchouse
described 8 to @ stages of development of vssification
centers and gave them "'maturity scoring”. Fifty percent of
the zcore was given for carpal bones, 200 for radius, ulna
and A% for phalanges. Twenty ossification centers are
penarally used for determining the bone age. These include;
(idcarpal bones, (i) metlacarpals, (i) patella, (ivhdizstal and

' Primary dentition

Time of eruption, months

Lippwar Lawor

Conbral incisors B-12 G=10
Lataral incisors g=12 10-16
First modar 13=149 14=18
Canine 16-22 17-23
Second molar 2533 29734

Parmanent teeth

proximal toes in both sexes; and {v) distal and middle
phalanges in boys and disfal and proximal phalanges in
frirls, To determine the skeletal age ininfants between 3 and
#mnnths, a radiograph of shouider i3 mast helpful. A single
film of hands and wrists i= adequate in children betwveen
the ages of 1 and 13 vears. For childeen between 12 and
14 years, radiographs of elbow and hip give helpful clues.

Erliplion of Teeth

Primary feeth: The teeth in the upperjaw erupt carlier than
those in the lawer faw, except for lower central incisors
and second molar (Table 2.2}

Prermanend feetlh: The order of cruption is showmn in
Table 2.2. The first molars are the first ta erpl.

ASSESSMENT OF PHYSICAL GROWTH

Weight: The weight of the child i1 the nude or minimal
light clothing is recorded accurately on a lever cr eloctronic
bype of weighing scale (Fig. 24}, Spring balances are less
accurate. [tis important that child be placed in the middle
of weighing pan. The wrighing srale should be corrected

e —

H-g_-. 2.4; Benm sooe for oocurote rncasuenent of walsl, T4
Shild snoukd Bz nude o i Minma Cislhing

Table 2.2: Timing of dentitfon

Time of fall, years

Time of eruptien, vears

Uppar Lowar
First molar &7 E—7
Cantral insisors T-b 6—7
Lateral inelgcrs B3 T-E

11-12 10-12

Caning

Lipper Lownyr

G-7 E-7

T=8 7-f

S-11 a-11

10-12 212

16-12 to-12
Lnmer Cowar

First premalar 19=11 10-17
Sacond premaolar 10-12 i0-12
Sacond molar 12=-11 11-13
Third malar 17=21 17-21

| 1 I
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for any zeroermor before measarement, Serol measurement
should be done on the samne weighing scolo, The weight of
a small baby can alsp be recorded with the mother/care
piver using 8 aved weighiog seabe (Panel 1),

Panel 1: Slape In walghkng a baby uelng a digitsl acals with

torlng facillty [Fig. 2.5)

1. User 1ho tarad walghleg malhod to weigh children who
canrsl slard an ho weighing scale

2. Place tha we'ghing scale on & lat, hamd, and evon swlace.

3. Bables shawld ba waighad nakod or with minkmal clothing.

4, Ak Ihe malsorcaregivar 1o stend in tha middie of tha scala
(wilfrout [colwear), last slighty a2park and 16 ramain shil,

&, Wihh Ine mothencaregiver still standing on the scale, press
g e Butkan,

£.The scale is larrad when the display shows the numbar
zarg while molrer'sarogivor is sl standing on the scals),

¥ Handever ho baby to the mal-er

B. Record the baby's weight Ihal appears on (he display.

fiata: I tha mathar 15 wory Boavy {e.g. 100 kg), than a lighiar

parson should hold the Baby on the tered scala.

Aeferanea: Warkd Heallh Crganlzallcn. Tralnkng Course an Child Qrewth
Aagassmant, Garava, WHO, 2004.

3. Tne machine
ahows child'a
walght

Fig. 2.5: Welghing o small child with rotrear on O walghing

soale with ‘odng fosdiky

1, Take methare weghl 2. Tarp Ihe scals

Lewgtie: Lempth is recorded for children under 2 vears of
age. Hairping are remaved and braids undone. Bulky
diapers should be remaved. The child is placed supine on
a tigid measuring table or an infantomcter, The head is
leld firmly in position against a fixed vpright headboard
by ore person, Legs are straightened, keeping foet at right
angles to legs, with toes pointing upward, The free
footboard iz browght into firm contact with the child's heals
(Fig. 2.6). Lengthof the baby ismeasunal from a seale, which
is set in the measuring table. Measurement of length of a
child lying on a mattress and/or using cloth tapes, s
inaccurate and not recommencded (Panel 2.

Panal 2: Stops In maasurlng length (Flg. 2.6

1, Piace the chiid on his back on a clean length board (use &
clean cloth to make tha board comfortable)

2, Ensure thal the head |s In firm conlact with the headboard

hild 1s loaking straighi uy
ard such that the C
ithe line joining 1he exjernal ﬂuliﬁ’_fﬂflll'a';"f:mz i";’igﬂ Yormrey
border of the eyehall is pﬂfll‘ﬂ":'“:m e iy ik i
and the spine S0t
4.:2;;}1::;1::: kn@as should be gently straightensd,
£ The foothoard should B moved 1o Bnsurs that 1he feet gy
firmly against it.

the lengih in this :
E{:‘:‘T;fi&r: gmgt.}ﬂ with newbarns, their Knges may no

stralgiien fully If 1 ls not passibig 10 position bolh kngeg,
than measure with ong lag n posars.

Fateranpa: World Health Organizatien. Training Caurse o Chid Grows
Lasesananl, Geaave, WHO, 2008

[/ (.

=

4, Poslition tha b

posilion.

Flg. 2.6 Maasurenart of lengih onan infartormester, hobs how
the kneas ara gordly stalghtenad whils the Fead and Teef di

allgnad

Standing height: For the standing height, the child stands
upright, Heels are slightly saparated and the weight is bome
evenlyon both feat. Hesls, buttocks, shoulderblades and back
ofhead arebrought in contact with avertical surface sach as
wall, height measuring rod ora stadiometer, The head isso
positioned that the child looks directly forwards with
Frankfort plane (the line jolning Ehe root of external audibery
rrebus to the lower margin of orbit) and the biguricotar plane
being horizontal. The bwad piece is kept firmly over the head
to compress the hair (Fig, 2.7 and Papel 3.

Fanel 3. Steps in measurlng standing height (Flg, 2.7)

1.Tha child’s foctwear and any hair tie-up should be removed.

2.The child shewld stand en the helght board with the back of
tha reed, ehowders, buttocks, calves, and heels touching
the vertical board.

3. Fasition the head such that the child is lacking straight
aread (the Bne joining the extarmal euditory megtus and
the lowar porder of the eyeball should be parallel to ihe
floos)

&, With e child still in this posstan, the headboard is genily
pulled down 1o rest firmiy on the haad,

5. Measzura 1he length In this position,

Aeferenca; Word Haalh Organization. Training Ca
. 1wrma on Child Grosih
Aggagarnant, Geneva, WHD, 202, ?

Heaa cerceomferesce: Hair ormaments are removed and bracds
undone. Using o nonatretchable tape, the maximum
circumference of the head from the oocipital protuberance
to the supraotbital ridges on the farshpad js recorded
{Fig. 2 8).



Growth

Fig. 2.7: Mathod of recoding heigil,
Mot the eract posture and e bane ieat
placed Het om the grourd. The iback af
Fexzls, Dutocks, shoulkders ond ooolput
are touching fhes wall

Fig. 2.8: Method of reconding
s clncurmifenencg

Chest circum/ference: The chest circumference is measured
at the level of the nipples, midway bebwueen inspiration
and expiration (Fig. 2.5}

Mid-upper arme circumference: To measuring the mid-upper
arm drcurnference, first mark a point midway between the
tip of acramian process of scapula and the clecrancn of ulna,
while the child halds the leftarm by his side (Fig. 210), Lsheuld
beensured that the tapeisjust ight encugh toaveid any gap
as well as avoid compression of soft 1issues.

Nomnal Growth

Tt iss difficult to precisely define the rormal pattern c:_fg'rm*:ﬁ.
Generally, it implies an average of n.':'ldi_ngs I:*]:limmfui ina
group of healthy individuals, along with a permizssible
rangeof varation, e between the third and ninety-seventh
percentiles. Most healthy children maintain their growth
percentile on the growth charts as the years pass by.
Significant deviation in a child’s plotted posibon on the
grawth chart can be due to a recent illness or over- or

Ag. 2.9: Mehod of measre-  Fig. 2.10: Maasurermart of mid-

miant of chest creumfeance  upper arm ciicumierancea,

af thiz keval of nipeles Nole how the onaform!cal
iandmarks ae first looated
[T 0 ST S ITEGiLe
the croumileance

undernutrition. It is also important fo kike into account Ene
gestationzl age of infants born prematurely. The duration
of premalurity is subtracted from the infant's chronological
age. This correction, however, is not roguined alter 2 years
of age.

Weight: The average birth weight of neunates is about 3 kg,
During the first a few days atter birth, the newbaom loses
exctraceliular fluid equivalent to about 107 of the body weight.
Maostinfant: regain thear birthoweight 11].' the age ol 10 davs,
Subscouently, tey gain weight ata mte of approximately
2040 g per day for the first 3 months of lite. Tneceatter, they
gain about-HN g weight every month for the vemaining part
of the first year. An inlanl vsually doubles his birth weight
by the age of 3 enonile. The hirth weight triples at 1 year and
is four frmes ak 2 vears of nge. Thas, the weight at 3months,
1 year and 2 vears is approximately 6, 9 and 12 kg,
respectively. The weight of 2 child at the age of 3 years is
approximately five times that of the il weight, ArS years,
tie ewpectind wenght can be ealeulated by m':_'!':i]::-J}'jng Lthe
birth weight by 6, at 7 years by 7 and at 10 vears by 10, Ti
followes that the expected weight at 3, 5. 7 and 10 years is
approximately 15, 18, 21 and 30 kg, respeciively. Onoan
average, a child gans about 2 kg every year between the
ages of 3 and ¥ vears, and 3 kg per vear after that 6l the
pubertal growth spurt begins {Lable 2.3},

. Tabde 2.3: Approsimate enthropometrc walues by a_ﬁér

Age Waight {ke) Lengin ar  Head circum-
height fem)  ferenca fom)

Birth 3 a0 34

& months 6 {doubles) G5 43

1 year 3 {irples) 7E 43

2 years 12 (quadruples) an 45

3 years 15 5 44

4 years i6 100 =0
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Length or height: The infant measures approxdmately 30 cm
at Birth, &0 cmeal 3 manths, &5 om al 6 months 70 cm a8
S emonths, 75 om at | vear and 90 om at T years. A nocmal
[ndian child is 100 em tall at the age of 4 years, Thereafber,
the child gains ahout & cm in height every vear, until the
age of 12 years. After this, increments in height vary
according to the age at the anset of puberty, There i5 a
rnarked acceleration of the growth during puberty.

Head circumference {HC): Head growth is rapid, especially
in tive first balf of infiancy, [Eretlects the brain growth during
tris period. The head growth slows eonsiderab:ly thercafter.
Bepinning at 34 cm at birth, the head circumference
increases approxdmately 2 om per muenth for first 3 maontks,
1 oo per month hetweer 3 and 6 menths and 015 eon pec
maonth foe the rest of the first year of life, The head
aircumberence is npproximately 40 om at 3 months, 43 cm

atémonths, 4647 comat 1 year, 48 emat 2 years. By 12 years,
it iz 52 e

Chest circumference;: The circumference of chest is about
Jem less than the head circumferense at birth, The
circimberenice of head and chest are almost equal by the

age of 1 year. Thereafter, the chest circumferenoe exceeds
the head circumference.

Body sirss dedex (RMIT); The formula te caloulate BRI is

welght (kg height fmeter), Bl is primarily used to assess
obesiky,

Growth Charts

TF the growth messurements are recorded ina child overa
period of time and are plotted cna graph, the devialion in
thie growth profile of the child from the normal patters of
growth for that age can be easily interpreted. This is a
satisfactory tool to dizgrnee deviatinn of growth from
normal. Allowed normal range of variation in observations
ig cofiventionally taken as values between 3rd and 97th
percentile curves. Percentile qurves represent fredquency
distribution curves. For example, 25th percentiic for height
in a pepulation would mean that height of 75% of
individueals s above and 24" are beluw this value, One
standard deviation [50% above the mean coincides with
B4th percentile curve. Likewise |6th percentile curve
represents one S0 below the mean, Values between third
and 97th pereentile curve correspond to mean =2 510

£-scores: In a population with observations in a bypical
Caussian {nurrmal) distribution, any individual value can
be expressed as how many 5005 it lies above or below the
mican. This is the Z-scare for that observation, Thus, if a
child's weight is at 2 3D below the mean, it is equivalent to
=2 Z. 1 the value lies ahowe the mean, Z-scome 1% positive,

otherwise it is negative. The formula for calculating the
Z-scoTe is!

Observed value — mean vale
Standard deviation

Z-score e

arisan of differant ﬂbﬁEwatEnm

example, ONE CAIL CUMPire (h,
individuals by oblaining .

#senre allows comE
batween individuals. For
helght and weight of two
respective L-5C00ES.

3

Em'l'l'lh Ei:lrlﬂﬂ-'l'd e i narms Df gmwth and car,
Gruwih standards repres raphical manner. These agg
be presented in tabular OF 8T 0 oo il stud

tned by gither cross-sectiona ; 13
oDt Y o afions. iased on data oblained from Us
Ri]u{%e.n?ﬁe Mational Center fL‘_l‘ II'E-:;_{'-]'; Stgti.srlzs
(NCIIS) developed growth charts in 1977, 1n -[; B Yiar
2000, revised gronwth charts provided by CDC offered ay
improved tual to ASSCES child health, However, thes,
charts weere based on data chtained from U5 children
who were formula fed.

Sensing the need for more internationally ﬂF'FI]j':ahlE
growth standands, the WHD cnndulﬁlﬂd_f]‘ll—.‘ ‘Multicantre
Crowth Reference Study’ (MGES)and published new growih
charts For infants and children up to & years of age in 204,
The MCRS was 2 community-based, multi-Ccountry project
eonducted in Brazil, Chana, India, Suorway, Cman and the
Urdted States, The child ren included in the study were rakied
in environment that minimized constraints to growth such
as pour oukribon and infection. In addition, their modbers
followed healthy practices such os broastfeeding their
childrer ard did not smoke dl.:lr_i_ng and after Progniaacy.
Thasa WH child ;:;rm-‘-'ﬂ't standards are urﬁqw oL sevreral
cuunts, They provide data on how children should grow,
and go beyond the traditional descriptive references, The
ey standards make breastieeding the biolomical norm and
establishes the breastfed infant as the pormative p'f_m'ﬂ'.
miecel. The ponled sample from the six partidpating counbries
makes it a truly international standard ard reiterates the
fact that hild populalions g row similarly across the world's
major TeEons when their nesds for ]:H:E'l]}]'l S
These starulards als include new growth indicabors bevond
]I::wuﬁht and ‘-‘:-'I?i.ght ﬂld-.‘i.t -l'.II'E'p':'Iﬂ'-IL',"Ll].E.rl}I usedul for ml:-n;l.lljl'j.l'@

mereazing epidemic of childhood ok r, such as
g Ty s ey
a“DWE. the develnpenent of growth velacity stand ards,
enabling the varly identification of under ar over
nourishment. Figures 2.11 1o 2,20 Provide percentile curves
for weight, length oz height, weight for height and head
meﬂtrme [ue girls and Doys WP A0 3 vears of age Lased
on WHC MGRS standards, Tables 2.4 80 2 R summarize 18
dita nnnhe-ngth, welght and head ciccumierence for thest

Growth standards ape pt availahle § e older
than_:r}'e‘:ars. The fn-uj.i:m Academy of Pegfal;i;l:jﬁ:]‘] has
pruvided updated grovwth charts for childran 5 4 16 veirs
pased on data from 33148 childron (Tale 2.4 and 2.10-
The charts can also be downloaded from, hbtp: fpindiz ordf
Rewdsed-TAD-Griith-Charts-207 S.php.
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Table 2.4: Weight-for-age and lengthhelght-for-age In girla 0-5 yonars of age

Months Veeighi-far-age. kg Langih-for-age, &m
-380 -280 -1SD Msdian 150 2850 350 -380 -250 =180 Masdaen 0 280 J80
0 2.0 2.4 26 az a7 42 4.8 4%.8 A5 .4 47.3 48,1 fii.0 b9 B4
1 aF a2 I 42 4.4 B.E §.2 iTH do.8 &17 6Bar GoE  EAE 508
2 34 a3 45 R 5.8 fi.B T4 {0 83.0 85.0 B7.1 6.1 LR vz ¥}
3 40 45 52 58 @86 T5  BS E35 GG8 &17 GpAa pLE BAD &4
4 44 50 57 64 73 82 93 | sse 78  sop 621 B43  e0d4 oG
5 4.8 Bl LA B.9 7L BE 100 574 548 61,8 B GB.2 il Ty
G L 57 8.5 T4 a2 3.9 108 [ 8.2 A5 B5.7 B0 7i.a TE5
¥ 33 60 €.8 7.8 8B e 114 803 €27  BED 7.4 Bo.G 7.8 rLF s
g 3k 6.3 F 7.9 g0 10.2 11.6 B81.7 84.0 &84 BB,F i Ya.b6 T
8 56 &5 73 B2 93 w5 120 | ez as3 677 Tl Y24 VRO Y7
1o 38 G 7.8 A.5 96 108 124 g4 BAS G0 1.4 7.0 T4 e
1 g1 as AP BT B8 112 428 BE2 @77 703 7RO ThG VYR HDA
12 g3 70 74 B8 W1 ME 19d BE3 8.9 A 74D TRG  TH2Z  BLY
13 84 T2 B1 82 14 NMB 135 | 673 Too fEe  7ER  YTA BOE @A
14 56 74 6.3 84 WE 121 1aa GBI 710 7a.7 784 vad 81,7 4.4
15 &7 76 B.5 96 108 124 14 BRO TR0 74.8 Fr) 0.2 B30 Bl 7
13 62 T7 A7 88 M1 126 148 | 702 R0 7RA  TAE R4 M2 4vp
T o Ta 8% 100 14 125 148 A T40  YeB  TBF  B2E b4 DO2
:g ;g g; g:;_ EE N& 132 161 720 748 7B BDF BAB  BBE  bod
a0 ?'5 Ei.-1 9.4 m'; 1.3 13.5 3.4 TEH ::"5.E TAH m.7 B4.7 476 b
] Sh. hB 44  soe E; 127 167 TAF  OTRT AT E2T BST HAT M7
22 78 a7 BE 111 125 1:'U s bl L R
23 -a EI-EI' ! 3 : -3 15.4 T2 a4 81.5 4.0 LI i G40
: 10.0 113 12.8 146 187 TE O i B AzAa HE B AT 01,0 Qi
21 8.1 a0 6.2 11.5 13.0 14.8 17.65 TET B0 g3z 06 4 0.6 g5 0 .1
3 Welght-forage, kg Halghi-tar-age, am
T r
= 82 82 W8 M7 W 1e1 e | ‘e ma  G9e  ees ooy o 804
20 44 9.4 10.5 11.5 135 184 175 7E g F-H-: I E?.4 E||:|.|3 13:1,.1 2
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0.0
50,5
1.0
815
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531
535
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E5.0
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Table 2.6A: Weight-for-langthheight (kg) in gils and boys 0-5 years of age

Waight fkg) Girls
~f 50 Median 180
2.4 2.5 et
2.4 2.5 2.8
2.4 2.8 249
28 2.7 4.0
a8 an a.1
286 2.9 3.2
ar )] a3
a8 = | 3.4
el az as
3.0 3.3 a6
34 a4 3.7
3.2 a5 as
33 2.8 38
3.4 S.F 4.0
3.5 5.8 4.2
5.8 C R 4.3
3.7 4.0 4.4
3.8 4.2 4.8
39 4.3 4.7
4.0 .4 24
4.2 4.5 3.0
4.3 4.7 2.1
A4 4.8 L3
1.5 S0 k4
4.6 w1 iR
4.8 B2 T
4.8 b4 c.a

5.0 5 6.0
51 5.6 E.2
5.3 B.7 E.3
1R 5.9 B4
A5 E.0 6.6
5.5 6.1 E.T
5.7 6.3 E.9
548 6.4 7.0
3.4 f.5 T
6.0 6.6 7.3
6.2 8.7 T4
6.3 6.9 TH
6,4 T 7.6
6.5 il 7.6
.6 7.2 r.a
a.r i3 E.0
g8.a 7.4 Bl
a.% 7.5 B3
7.0 7.6 E.4
7 TF E.%
TE 7.8 E.E

i 8.0 E.T

7.4 a1 BB

7. B2 0

7.6 A.3 a1

7.7 3.4 4

7.7 8.3 4.8

B B8 G4

1.9 a.r 9K

5.0 8.3 3.6

A1 a4 aT

Bz 9.0 2.8

8.3 a1 B8]

8.4 a1 (AR

4.5 a2 1.1

a5 Ba o

aE o4 103

4.7 8.3 104

2 50

3.0
ai
3.2
1.3
3.4
3.5
a4
3.7
3.8
23
40
43
43
4.4
4.6
4.7
4.0
.0
5.2
53
85
5,7
5.4
.01
&.1
8.3
8.5
6.5
g8
85
7
T3
.4
75
T
7.a
3.0
a1
1.2
H.4
a5
azr
a8
9.0
3.1
9.2
8.4
9.5
9.6
a7
8.2

10.0

109

102

10.3

10.5

10.6

10.7

10.8

10.8

11.0

M1

11.22
114
1.5

250

d.d
o4
35
3.6
ar
38
1.0
4.1
4.2
1.3
4.5

Lemglh

femy

L 450

45.5

=340

1.8
1.4
24
21
21
a2
24
23
2.4
25
28
27
27
28
29
an
3.1
Az
a3
a4
36
az
ag
X
1.0
4.4
43
44
4%
A6
a7
48
an
5.0
51
52
53
B4
55
56
57
5E
B4
B
B2
B2
B3
R
55
(8
8.6
BT
EE
EB
i
£
.2
72
7.3
T4
X
7.8
TE
i
T8

~2 50

2.0
2.1
22
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|

=1 50
2.2
2.3
2.4
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2.5
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2.4
28
a0
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3.1

Mpaian
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2.4
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3.1
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3.3
34
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a6
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7.6
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)
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3.1

8.3
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d.h
8.6
a4
8.4
a0
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2.4
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R
a7
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2.8
3.4
a4
3.1
4.2
a3
a4
a.3
3.4
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0.4
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LT
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11.2
1.3
4

115
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i Frd
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Table 2.64:; Weight-lor<length/height [kg) in gida and boys 0-5 years of age (Contd.)
Langth Welght () Giris Lenglh Waight (kg) Says
fem}) =350 -250 —1§0 Madian 150 250 350 (om) -350 -280 -150 iedlen 15D 280 350

7.5 74 81 A8 a8 10.5 118 128 TTE T 4.5 g 0.0 105 1a 13.0
ML Ts 0 ap 8.9 a7 108 117 128 TH.O 79 45 &3 10,1 1148 12.0 134
785 76 B2  aq 98 107 118 1306 785 4.0 a7 3.4 10.2 11.1 121 132
M0 77 83 a4 45 108 1% 131 784 A3 87 25 W3 112 122 134
™5 T 84 g1 00 109 125 133 s az a.4 8.5 04 1.3 123 184
Eﬂ-!r} f4 85 p3 101 HO 121 134 BOD A2 8.9 9.6 104 1.4 124 136
805 78 a4p B2 1gE 112 123 135 E05 A3 8.0 8.7 10.5 1.5 125 13T |
810 80 azy B4 423 1.2 124 127 Bio 8.4 R 9.4 10.5 11.6 126 138
B1.5 Bl 88 8% 104 114 125 138  B1E A5 9.1 8.9 10.7 1T 127 138
820 B1 BB 8% WS 15 128 138 820 A g2 100 1048 118 128 140 |
g25 B2 B8 9.7 TG 1.8 i12.H 14.1 B2.5 B.G B.3 0.1 10,49 114 13.0 14.2

B30 B3 20 98 WP 1B 128 42 130 BT o4 402 1.0 1.0 31 143
B3E B4 o 9.9 0.4 i1.4 121 144 03F B.A og 0.3 1.2 121 132 14.4
Ed4.0 a.5 hE Al 1.0 1z2.0 13,8 T4.5 g0 B.9 LG 104 1.3 i2.2 133 146 |

B45 86 B3 102 114 121 153 47 345 8.0 &7  i0E 1.4 1.4 13.5 147 |
B50  B7 94 103 11.2 12,49 1535 48 354 g1 B 106 115 126 13.8 149 |
BS.S BB B5S 104 11.3 12,4 19.8 150 855 po .5 10.7 116 126 13.7 15.0 |
BE.D 828 BT 145 15 124 138 152 880 3 100 108 117 128 128 152
BG5S S0 88 106 114  12.7 138 154 @84 B4 101 1.0 119 12.5 140 153
7.0 81 B9 Wr 117 123 141 1885 A70 85 102 114 12,0 18.0 142  15E |
473 82 oG 108 118 130 142 1ET  &TS I 10.4 11.2 121 132 14,3 15.6
442 853 101 10 e 131 14.4 188 A0 q.7 10.5 1.3 izz 134 14.5 15,8
835 B84 Wz 14y 1201 13.3 14.5 160  ARS 9.0 10.6 11.4 124 19,4 146 15,49
80 45 103 MNma a2 13.4 14.7 162 019,10 9.4 107 115 12.5 13.5 14.7 16,1
P85 B8 104 113 13 135 itda 184 @95 100 0B 115 136 157 4.9 16,2
B0 BT7 1085 114 iis 137 150 1E5 @00 i0d 0.8 11.8 127 158 15 6.4
BO.S 86 06 118 186 13E 13.1 167 Qo5 102 11 118 12.8 5.5 154 165 |
Bl =28 D7 117 127 3.8 153 168 910 1043 11.4 124 13.0 4.1 153 167
1.5 100 108 11B 1EE 144 155 170 915 104 e 124 14 142 54 168
b S U7 R - TR B 150 14,2 15.5 172 920 05 15 122 13.2 14.3 EE 1TA
2.5 1A 110 12D 18,1 4.3 1454 174 9250 106 14 1243 13,4 14,4 &7 174
930 12 110 &1 15.2 4.5 154 1.5 az0 10,7 156 12,4 13« 146 t5.4 173
3.5 13 1.2 TR 13,3 141 14.1 1.7 935 0.7 s 1245 13.5 14,7 160 174
0 104 113 123 135.5 14.7 16.2 178 4.0 108 1.7 12,6 13,7 1+.8 161 176
g4.5 105 114  ifd4 186 148 184 1ED 945 108 118 127 13,4 14.4 188 ATT
g5.0 108 115 28 137 150 145 1EF 850 110 18 128 10,8 6.1 16.4 173
g5s5 107 1& 12T 13E  15%F 167 384 955 114 12 12.3 14.00 15.2 1R a0
gE0 108 117 128 140 153 13  1EE 9D 11E 124 13.1 14,1 1A.3 6T oz
gEs A0g 118  1P8  ddd 154 170 &7 965 113 122 13.2 14.3 15.5 1548 18.4
g97.0 1140 120 19.0 td.2 i5.E 171 185 qar.n 11.4 123 13.3 14.4 168 17.0 18.5
g% 111 127 139 id4 15T ira  Ed 9FE 118 124 13.4 14.5 16.7 17 {87
9g.0  11&  1a@ 13.3 14.5 153 17.5 153 qag.n 1.6 125 13.5 14.6 15.9 174 18.8
g5 113 13 134 14.8 160 176 15.5 18R § B 126 138 14.8 16.0 17.5 14.1
ge.0 114 124 135 14.4 16.2 17.8 158 950 14 127 137 14.9 16.2 178 15,2
auE 115 125 138 {4.5 16,3 fan 188 8985 118 TR 1349 15.0 16.3 178 194
io0n 116 2B 137 15.0 18.5 18.1 A 0G0 120 128 140 16.2 16.5 1H.01 19.5
1008 117 ‘24 138 |5.2 16,6 B3 =P oons 924 13 141 15.3 16.6 18.1 9.3
1o 116 128 14.0 15.2 16.4 1685 Ad 1010 iRz 132 4.2 15.4 1E6.8 18,3 =0
s 118 130 144 14.5 17.0 (=T R 1 T % 133 144 15.8 16.89 106 2p@
wen 120 {341 143 15.8 17.1 165 M8  10P0 0 124 134 145 157 174 187 204
Wos 121 f3F 144 15,8 17.3 {0 M4 025 125 435 145 5.4 17.3 1EE  PO0E
WAoo |23 133 145 15.49 17.5 igE 2.4 100 126 136 1443 18.0 17.4 iBp EGa
1pas 124 35 147 16.1 17.8 P4 215 1035 127 15T 143 16.2 17.6 imz 2.4
0o 126 136 148 152 17.H 186 A7 140 1248 158 154 18.3 17.8 o4 M3
145 125 137 150 16.4 1E.0 1HE 2148 1045 128 440 152 18.5 17.49 106 213
ipE0 127 138 151 16.5 1B.2 B P22 050 130 qdd 153 16.8 18,1 10E M7
1055 12A 140 153 16.7 16.4 PhE 224 D55 132 442 154 154 18.3 oo 24
10E0 150 141 154 6.5 165 P05 22§ {0ED 133 444 1ER 3.4 18.5 anz o 329
1085 131 143 154 17.1 1B6.7 P07 228 10RE 1Al 145 187 17.1 1A.6 ond 324
foro 132 144 157 172 1BB 208 231 1070 135 146 155 173 188 206 228
W75 123 146 159 174 189 21,0 234 1005 136 147 1ED 174 190 208 Z2A
wan 135 147 160 17.6 15,3 213 236  {oen 137 14.9 16.2 174 19.2 210 oo |

1085 138 148 162 178 155 & 239 1DBE i34 160 163 178 19,4 22 zal
1080 137 160 164 B0 14T 218 242 o200 {40 15.1 165 17.4 19.5 1.4 PAE
1085 3.5 1501 145 181 AR 20 244 085 144 153 16,6 18.1 19.4 21.7 2%E |

1400 140 153 AT 18.3 20.2 223 247 1100 14,2 16.4 16G.8 183 200 1.4 241 |
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Table 2.6B: Weight-lor-nclght angth (kg) in girls and Ba¥ Waight (kg E":Jf;u _—
Hpight Weight {kgh Girts g 1gp -8 -150 Median - o a3
fcm! 350 -850 -15D Medien TSD 280 380 fom) - 4 59 74 ' 'g g
650 58 B B8 72 79 B7 87 | & 5.9 : 20 76 A2 B. 92
g5 &0 G4 P B3 91 g,
55 57 £.2 B6.7 7.4 a.1 E.8 9.3 6 71 7
BEO 5H 6.3 6.4 7.5 8.2 a,0 10,0 | &8 6.1 .E T2 T8 B.5 82 1y
G55 58 64 63 78 B3 o1 101 | €85 A1 E'-,r 7.3 7.9 86 94 qpa
670 58 B4 YO 77 &4 93 102 | & g2 B e 8.0 8.7 85 4g4
7.6 A0 A5 7.3 T.EB BE 9.4 10.4 ' €75 2.3 B.8 ?IE g1 8.8 88 1gs
B0 61 66 72 7B BY 95 105 €8 B4 68 cg  8E B0 88 107
€35 82 6.7 7.8 R0 E.8 9.7 107 | &3E 63 = ?'? B4 8.1 29 104
690 63 6B T4  B1 @y a8 108 €9 B A1 ' an B2 100 11
B35 43 8.8 75 B.2 5.0 2% 108 | 645 A7 7.2 78 a-E 9.3 102 194
T z4 T4 7.6 E.3 a1 13D 11.1 T 6.8 73 i --;. o5 10.3 113
MSBE 71 7F B4 93wy 112 705 88 74 BO E'E 56 104 114
o 865 71 Y8 85 93 wE 113 | T g 18 B o ; ' :
g B8 9.7 106 115
™ME BT 7.2 7.8 8.8 9.4 w4 115 | 715 7.0 78 o 0T 119
720 BT 7.3 B.00 8.7 a5 105 16 | 72 7.1 [ g e : 1. ;
725 BH T4 B4 B8 87 06 117 | TRs T2 0 TH &4 2.1 9.9 b 18
7a0 B3 7.5 A1 R BB 10,7 118 | 73 7.3 7.8 a5 .2 10,0 "o qzag
745 7O 7.6 8.2 40 2.9 10.8 120 | 735 7.4 7.8 8.6 8.3 102 11.1 1
Y40 70 7.8 ! & 10,0 nao 1z T4 T B.D0 8.7 8.4 0.3 11.2 12.2
745 7.1 L § a4 B2 104 1.1 R R n1 A.4 0.5 10.4 1.3 124
750 7.2 7.4 ar Ba  1p2 112 123 7% 7E gz B.9 9.6 10,5 114 125
755 78 70 G B4 103 13 125 TEE 77 a3 8,0 8.7 106 116 125
TED 7.3 8O a7 B5 104 114 128 7% 7.7 a4 8.1 8.8 10.7 1.F {28
765 T4 Bo BT 96 106 HE 1287 Tes T8 a5 g9 3.4 10,8 1.8 123
770 TS5 8.1 BB BE 108 118 128 | 77 T8 8.5 9.8 100 10.8 11.8 3L
775 75 B.2 £ 87 107 117 129 | w5 §e 8.6 2.3 10.1 110 120 1341
7a.0 78 B3 .0 g8  1oa 1.8 131 78 a0 a7 2.4 0.2 1.1 124 153
788 73 B.4 3,9 4 109 128 132 a5 Aq as 9.5 10.3 11.2 122 134
Tah TA a4 02 10.40 11.0 121 133 [ 4.2 8.4 a6 10,4 1.3 1Z9 135
TOE TE a.s 84 100 1.1 122 134 | 795 a3 8.9 a7 105 114 P e
00 TR 4.8 B4 1oz 11.2 123 1iE | 4o 4.3 a.0 a7 108 11.5 12.6 137
BOA RO 87 5 104 1143 124 137 ! fos

.4 9.1 a5

10,7 118 127 138
Bl @1 BE 96 104 114 128 138 | W a5 8.3 au

0.8 11.7 12.8 14.0
Bt.5 8.2 Bo 97 108 1.8 127 140 | @168 gg 83 100 10,9 18 g 141
BZ.D B3 80 98 07 N7 128 141 | gz : '

8.7 83 1.0 142
HES B4 4,1 08 108 11.8 190 143 | 825 g7 .4 : bt bk :

0.2 111 14,4
B3.0 &5 82 100 10,9 1.8 181 145 g3 8.3 nE 104 b 121 131 el
Ma 8B 8B 18 WL B 3R s s g 66 908 s 2 143 o
B0 BB B4 W02 AT BZ 194 V48 ma : 23 3a

2.0 a7 1|:|ﬁ-
B45 &7 BE 103 113 123 185  dg 4 f24 qaE e

dd.5 2.1 g,
oA BE ER M e Ws By e (e GG 1n.3 :3; -H: e A 1:9
5 B3 B WE M5 26 198 153 | 355 g W3 gy g e 1aB &
2.0 S0 B8 10T NE 127 140 154 | gp 54 102 419 ! 12.8 130 |5..j
865 o1 93 WWE  11e 1zm 142 155 HEE pg 105 “-1 1--9 128 14.1 18
870 B2 W0 WA 1s a0 143 158 a7 L L 1|-:: i 131 142 165
67.8 93 W1 1O 120 132 148 169 =

875 87 4ps 122 13.2 144 157

it 9. 10 O L= T 145  !5B
7 . 1. .

BES 90 4o T 1pg4 12.5 147 16d

BAg o4 102 111 121 13.3 14.5 18.1
BRY o5 10.3 112 123 13.4 11.6 8.

83.0 9.8 104 114 124 138 4B 164  @g 100 1ap ::E 25 138 14.8 1E.1
885 97 5 M5 125 187 151 e BB.S 109 qpp e BB 3z 48 160
BO.O BA 10.6 11.6 12.E 13.8 152 16.4 a0 10,2 1.0 11I9 128 3.8 i5.1 164
BML5 w8 07 1.F 158 140 184 183 ms  qpg 1.1 1in 12.9 14.0 152  1B&
9.0 100 108 118 128 144 1585 174 my (L P 13.0 4.1 163 ‘8T
ALY M0 e 1m0 s 57 173 | a1 qps + 13,1 142 155 168

AR i L AT 168 10
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(o
=
2.5
#3.0
B35
2a.0
a5
B5.0
B5.65
BE.0
5.6
7.0
B7.0
24.0
Ba.5
E3.0
3.5
100,10
10,5
101.0
101.5
102.0
102.5
10.0
1005
104.0
1025
105.0
1045.5
104.0
1048.5
107.0
107.5
108.0
104.5
104.0
104.5
1160
1105
1M1.0
1ME
112.0
112E
113.0
113.8
114.0
114,5
1150
1185
1160
116.5
1170
117.5
1180
i1a5
1&g
114.5
120.0

Waight [kg) Girle
=380 28D =150 Medlan

102 111 1206 1319

13 fie 121 13.3

w4 113 12.3 1314

s 114 12.4 135
e 115 12.86 1ag
T 11| 12,6 13.B
0B 117 12,7 138
.8 158 128 14.0
ad 119 1249 14.4
14 1240 141 14.3
1A 124 13.2 14.4
2 122 139 145
113 123 134 14,7
114 124 13.6 14.6
115 125 137 14.8
.6 127 138 15.4
1.7 128 133 15,2
g 1129 14,1 154
1240 13.0 14,2 155
121 434 14.3 15.7
122 1323 4.5 13.8
123 i34 14§ 18.0
124 135 14.7 18.1
128 126 4.9 16.a
126 1348 153 14.4
1.8 133 152 18.8
1228 140 153 18.8
120 142 15.5 164
131 143 15.4 171
123 145 5.8 17.3
134 148 6.4 17.5
138 14,7 8.1 17.7
137 144 TH. 17.8
138 150 164 1@.0
138 152 166 168.2
141 15+ 16.8 168.4
142 155 17.0 1E.E
144 1567 17 1B.B
45 168 17.3 16.0
4.7 1e.0 17.5 142
448 1652 17.7 1%.4
150 163 17.8 19.6
151 165 16D 14.8
154 167 1BE& 2t
154 168 164 2n2
158 170 1BE 25
57 172 1BB 207
153 173 18.0 20.3
184 1785 18.2 21.1
182 177 15.4 21.3
143 178 10,6 21.5
185 160 190E 2.7
184 1682 15,5 220
1€8 184 200 222
1853 185 203 224
171 187" 205 226
172 188 207 b

Table £.68: Wolghi-for-halghtenglh (kgh In giis and boys 0-5 years af age (Conkd.)

T

144

14.6
1.7
14.B
14.8
151

15.2
a4
15.5
15.8
5.8
5.8
8.1

16.2
14
g e
147
164
1r.a
17.2
1r4
1.5
1*F
17.5
1E.1

182
16.4
1B.E
16.8
1B.0
162
184
1885
184
20.0
P s
20.5
0.7
2.9
2.2
A4
21.6
21.B
a2
L]
226
a2
234
258
235
2a.4
2407
242
24.5
24.7
25.0
25.2

280

16.8

*8.0

8.1

14.3

8.4

184
8.7
1€43
17.0
17.2
174
175
177
17a
1E.0
12
1E.4
1E.B
167
1688
181

18.3
18.5
197
9.2
204
2003
ans
20.8
21.0
21.2
214
21.7
218
221

224
2848
224
231

234
3.6
3.9
242
244
247
25.0
252
25.5
258
26.1
265
266
269
aT.E
274
arr
28.0

Hixlgn
J & [om)
17.4 12,0
178 89256
17.8 Ba.n
174 035
181 4.0
18.3 4.5
1E.5 6.0
166 9585
168 460
103 96.5
182 ar.o
18.3 975
1B.5 ] i
18,7 2]
1838 =1
200 985
20,3 1004
205 1005
20T 1014
20.% 015
211 1aza
214 1028
2186 1034
21.8 1035
223 1040
223 1045
225 1050
e 105.5
230 1084
252 108s
235 1070
237 1075
242 103.0
213 1035
245 1020
2449 1095
25.1 100
755 1105
757 1110
8.0 115
8.2 1120
e s
=84 1130
= 1135
4 1140
78 1145
3.1 1150
244 1185
4.7 11eo
M0 1eE
223 170
98 175
9.0 1180
ans.  11ES
J0E 1180
ane 1145

M2 1z00)

=3 50

1.8
0.7
1.4
10.8
11.0
114
111
1.2
11.3
11.4
1.6
114
1.7
1.4
114
124
12.1
122
12.3
124
125
126
128
12,8
3.0
131
132
13.3
13,4
145
a3y
13.E
1538
4.0
151
14,3
14,4
14,5
14,6
14,8
14,58
15.0
15,2
153
154
3.8
15.7
13.6
16.0
164
Th.
16.4
3.5
18.7
16.8
159
174

-280

114
11.5
1.8
1.7
748
11.8
120
129
2.2
12.3
124
128
12.8
178
124
13.0
131
132
133
134
136
13.7
13.6
13.8
14.0
14.2
14.3
14.4
14.5
14.7
148
4.2
151

162
153
155
15.6
158
15,5
16.0
16
165
16.5
16.8
16.6
18.8
i71
ire
174
TE
17.7
17.8
13.0
1.2
10
188
14.5

=1 g0

123
124
128
127
18
12.4
13.4
134

3.2
1.3
134
12.6
1&r
13.8

139
14.0
142
14,3
4.4
14.5
14.7
14.E
145
151

182
15.4

15.5

136

15.8

13:4

181

182

164

16.5

16.7
16.8

1740

174

173
7.5

17.E
7.6
16.0
18.1

18.3
168.5
16.6
16.6
8.0
9.2
9.3
19.5
18.7
14.9
200
20
204

Wakpht (k! Bays
Madian 150
13.4 14.5
13.5 1448
13.8 14.7
13.7 1249
188 15.0
188 151
14.1 15.3
142 16.4
14.3 155
4.4 18.7
4.8 54
14,7 15.8
14.E 161
4.8 162
131 164
1a.2 168.5
15.4 16.7
15.5 6.9
5.8 7.0
15.6 17.2
15.8 17.3
16.1 173
16.£ 17T
154 1.8
1645 iga
18.7 182
18.8 18.4

17.0 18.5
172 14.7
7.3 4.3
17.5 484
17.7 3.3
17.8 8.5
18.0 LT
18.2 5.8
183 .0
18.5 2.2
13.7 20.4
139 20T
1841 20.9
182 2141
184 21.3
105 21.5
12.8 21.7
200 2149
202 221
204 22 &
20.E 228
20.6 228
21.0 2o
1.2 253
.4 235
2.6 23T
£.4a 238
.0 241
= 244
24 246

280

15.8
15.8
16.0
1832
143
148.5
18.8
T6.T
16
1740
7.
174
7.5
17.7
17.B
18.0
18.2
184
8.5
18.7
16.8
181
183
18.5
187
14
201
20.3
20.5
20.7
2.9
214
1.3
1.5
1.8
2.0
e
=4
2.7
2.9
211
2.4
236
3.9
4.1
&h.4
286
4.3
2ol
20.4
259
254
2B.1
264
268
26,5
ara

| 2

3 80

172
Lt
178
176
17.B
1r.e
18,1
184
8.4
166
18
158
9.1
8.3
16.5
187
18.8
20.1
2.3
2.E
20.7
20.8
21.1
2.
1.8
21.8
#2.0
=2
-]
¥
.8
e B
Eid
X7
1.8
242
4.4
2487
25,0
e
256
25.6
26.0
26.3
26.6
26.%
T
2.5
2r.a
8.0
a3
w26
5.8
e
&ihS
-
0.1
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Table 2.8: Head circumfarence for =T 0
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BMI Sirs T -y BRI Agpn = -
30 250 -150 Meanm TS0 250 asEp 580 25D 180 Medar 150 £&Q 35D
ﬁﬁ gl.g ?‘233 ?j :_:':.1 582 74 | Aoy 514 358 .5 33.7 57.0 2.3
e, M 5?:{' 3;:5 39: :g._-al‘ :?; 3ae 249 6.1 7.3 3.4 3.6 40.8
“z oo s 3 6 & ] a5 A3 B2 and 403 45 426

420 433 |30 s81 883 405 417 42p i
%68 381 303 4ns  atg 431 444 | smp 292 G4 H1B 42 44D :;fz

276 8.4 ] 41,5 487 440 45
3 : . A |3.e 401 44 o a8
33 WBWE 408 422 438 44 e Pl

; 48,1 (=T d0.8 421 43.3 145 4E 4713
M3 AnE qiE 428 44,1 45,5 45,4 20,5 41,5 4.7 d o 4ED 4B 4 477

4 AT 420 a34 447 A0 174 &
! : : ; 0.6 42.0 a3 2. 3
8 412 4zs 43.8 46.7 46,5 - a o s ias

474 (412 426 437 450 463 44 48
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Table 2.9 Boys aged 5 to 18 years old: 1AP charts for weight, hieight, body mass Inoex {percentiles] [reproduced wiih permiss

ige
years) | and 10th
50 | 890 1023
55 | 1016 1050
50 (1042 1077
A5 | 1068 1104
70 (1082 1130
75 [111.8 1157
80 | 1143 1182
85 1167 120.8
9.0 | 1180 123.2
a5 1213 125.8
100 | 1236 1284
105 1258 1305
110 | 1282 133.0
11.5 [ 130.7 1356
120 (1832 138.3
125 | 1357 1410

13.0 | 138.3 1437
1.5 | 1408 146.4
140 | 1434 1400
14.5 | 1468 1515
150 | 148.0 1537
155 | 160.0 155.7
160 1518 1574
165 | 1534 159.1

17.0 | 1550 160.6

175 [ 1866 1621

180 | 1561 1638

" Height {om)
Sith BQth
108.9 1158
1119 119.0
1148 1222
1178 1254
1207 1286
1235 131.7
1264 124.8
1291 137.68
12318 1407
1345 1437
1972 146.8
1930  140.5
142.7 1525
1455 1658
1484 1586
1514 161.7
154.3 1647
157.2  167.6
159.9 1703
1623 1727

1645 1748

1665 1765
168.1 178.0
1696 179.2
171.0 1804
1723 1815
173.6 1825

arth

118.4
1227
126.0
128.4
1326
1354
1381
1422
145.4
148.3
1214
154.4
157.5
160.6
1637
166.3
169.9
172"
175.4
17T
17a.7
181.4
1827
183.8
184.8
185.8
186.7

=0

T
514
5.6
5.5
5.0
57
6.3
h.1
B.4
6.4
6.8
0.5
T
7.4
8.1
il
2.0
d.4
8.0
Vg
7.4
6.5
7.2
6.7
6.2
.1
6.9

3rd

132
1248
14.5
15.3
160
16.7
17.5
18.3
101
18.0
20.7
2148
22,6
23.8
24.3
26,1
275
28.0
3oy
26
.5
J6.1

7.5

3a.¥

9.8

40.8

41.8

1ot

14.3
154
15.8
16.8
17.8
18.5
18.5
20.5
2.5
Pe.d
23.5
246
5.9
27.3
28.7
20,2
31.8
33.6
3585
3.7
39.8
416
43,1
44.4
5.6
46.7
477

Waight (kg)
5oth - 50th
17.1 21.3
182 229
123 246
207 266
218 MG
233 308
248 332
28.4 337
278  3a8.0
23.4 4l5
A 43.0
328 458
347 487
36.9 518
390 5448
412 578
433 607
45T  GA.6
45,2 G663
LB 691
531 7.5
L62  Tad
568 V4.8

s82 781
285 FIA
g6 ¥7.8
61.6 T7B.E

arth

24,2
261

28.3
30.8
334
362
394
2.5
45.5
43.6
51.8
292
&a.7
2.5
B

G55
T2 6
TS0
83
80.9
831

a4.7
E58
86,3
875
88.0
Bad

2 .ﬁ_ﬂ;ﬂ;qm‘alml t2 EMI ol 23 in qcﬁ.ih[ﬂ*ﬂ_rwe ﬁi‘l[]: 27th AE: equivalent to EMI ol 27'n éﬁﬁﬁé?ﬁﬁe_éﬁ]'

50

a2
28
A6
S8
4.2
4.5
5F
8.5
6.3
.0
I.A
B.9
B.a
ba
10.0
10.6G
i1a
1.4
121
11.6
12.1
11.2
12.2
12.6
123
12.3

11.3

ath

121
122
22
123
123
12.4
12.5
126

12.7
12.8

12.%
13.0
131
13.2
13.3
13.5
135
137
13.8
14.0
14.2
144
14.6
14.9
151
15.4
15.8

St

12,4
12.4
12.5
12.5
126
12,7
12.8
12.9
13.0
13.1
13.2
13.3
18.5
15.5
15.8
13.9
14.0
14.2
14.3
14.5
14.7
148
15.1
15.4
15.6
15.9
16.2

-

e from Indian Pediatr, 2015,52:47-55)

ﬁncﬁrm&a;hdax
1oth S0t "‘jiE’d E:_I: 50
128 147 157 175 1B
129 148 158 176 156
128 148 160 178 18
130 150 161 180 1B
134 151 163 182 1.9
132 153 165 185 22
133 155 167 188 25
134 157 170 192 248
135 158 173 196 26
127 162 176 201 2.8
138 164 180 205 31
140 167 183 210 32
141 170 1B7 215 a3z
143 173 191 221 33
145 177 195 226 34
146 179 198 230 36
148 182 202 234 35
148 185 205 238 37 |
151 187 208 P42 27 |
1532 180 211 245 35|
155 183 214 248 3.7 |
1658 196 217 9252 34 .'.
160 189 220 255 3._:!' ||
163 202 224 258 3B
166 205 226 260 38 1
168 208 225 263 386
VT 214 238 268 32|
AP

P
[

go|nepagd |B[lu=EE]



Tabie 2.70: Girls aged 5 to 18 years old: AP charts for weight, heighl, body mazs index (pecentiles) (reproduced with parmissian from Indian Pedatr 201552:47-58)
i Meight fem) Weight (kg) Body Mass index '
(yeais) Jrd i o 80M 8Ath SO | and 1@th Sth B0 8RB0 Al stk 10th S0 Ej: E:: 50
5.0 arza 1006 1075 1152 1183 54 [123 134 164 213 250 26 11.8 121 125 143 155 180 14
3.3 o08 1032 %105 1183 1225 57 | 130 143 976 228 270 35 | 114 122 126 144 157 183 1.7
.0 1023 10610 1135 1215 1256 5B | 137 1531 187 246 291 A4 128 122 127 145 159 188 1.7
5.5 104,49 108.7 1165 1246 1287 55 | 144 1585 190 263 312 4.1 121 123 128 47 161 183 20
7.0 1074 111.4 1184 1277 13819 &1 [151 168 212 282 334 4.4 12.1 24 12& 149 164 183 21
1.5 100 1141 1224 1308 1350 &0 | 158 1757 BE2h5 300 35T AB 122 125 128 151 186 197 22
B.O 112.6 1168 1254 1338  13B4 &2 [1BY 187 240 322 B B2 12.3 126 1241 1532 183 201 23
85 115.2 119.8 1284 1370 1413 6B |[1¥YE5E 197 255 24 407 G4 123 127 132 156 72 205 &7
9.0 1178 1924 4314 1402 1445 69 | 185 2B 2FE T 434 64 12.4 j28 133 158 {76 2.0 27
0.hb 120.5 1252 {344 1493 14F48 GG 195 221 200 I3 463 &.0 12.5 12.8 13.5 16.1 180 214 28
10.0 123.3 12841 1374 1464 1508 78 |=207 235 J.0 420 494 TS 123 131 137 165 184 218 28
105 1281 1309 1404 1485 1535 7.2 l=22o0 251 332 448 526 2.3 128 13.2 13.5 1648 iBa 225 31
11.0 128.8 133.7 1433 164.4 156.8 F8 123 26/ as.4  4r.F 5553 ig.5 150 134 14.1 172 T S <c W i < E'?
11.5 131.5 136.4 1459 1551 i58E . 248 284 ATH  G06 59 8.1 a2 18.7 14.4 17 .6 18 236 33 ;
120 134.0 138.8 1484 1675 1620 70 [262 300 308 534 B2.1 a.0 154 1349 147 180 202 P40 32
12,5 1353 1411 1505 1598 1641 &7 |276 316 418 G558 G4B a.7 137 142 150 184 207 247 33
13.10 1362 142.8 i62.2 161.3 16548 &9 284 H H A 436 &7.H BT 0.4 13.9 14.4 1%5.2 18.8 2141 252 32
13.5 1989 1445 1536 1627 1672 60 |302 344 451 547 BAD 88 141 148 155 181 215 256 25
14.0 141.4 145.8 1647 1637 1682 66 [ 313 EE 464 610 T04  BE 143 149 157 94 218 258 34
145 |42.4 1488 1555 1645 1ew0 58 | 9833 J66 475 G2 T4 94 14% 151 10 187 220 =262 33
15.0 j43a 1475 1561 1650 1895 66 [331 375 484 DA 721 9.6 | 147 152 161 188 223 263 34
i5.5 144.1 148.1 1566 1653 1898 58 | 340 oga 4901 BAS  T25 BT 14.9 154 163 204 224 264 34
16.0 1447 1488 1568 165& 1701 B | 34T S8 497 640 728 A7 [ 150 156 165 208 2268 265 34
165 1452 1494 1572 1857 170z 64 [S855 382 503 44 731 82 | 152 1658 167 204 228 266 3.2
17.0 145.7 1495 1574 1658 1704 635 sG2 405 5089 B4T F32 BE 154 160 168 206 228 267 3D
17.5 462 1498 1676 1660 1705 67 (369 411 515 650 734 95 | 155 &1 171 208 231 287 3
18.0 146.6 1502 1578 1661 1706 66 [ 376 41.8 520 853 TES5 102 15 168 173 21.0 232 268 :!.ip
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Yelocity of Grewth
Dlotting a child's height and weight on a growth chart helps

[ a——— — -

Essential Pedialrics

%o determine if he i within the normal cange for his or her
age. Dne Hme measurement, however, does not indieate, if
the rate of growth of the child bis been normal in the recent
past. The position on the geowth chart becomes evidently
abnormal anly when the factars retarding growth are
profound or have persisted for a long time. On the other
heane, serinl measurements provide eiake of growth, Plorting
growlh velocity is uschul kool for early identification of
factors affecting growth. Velocity of groveth more acousately
helps in predicting the ulbimate adult height.

Interpretatiog of grodeth measurements: Table 211 provides

details regarding interpretation of growth charts for
children O b 5 years of age.

Growih Monltoring

The Indion Academny of Fediamics has given goidelines to
manitor growth during childhood (Table 2.12). During

—

conveniently done during vig,
n be integrated Into vislt j.
ot into school health prograp,
maturity rating {ShME} stoging

infancy, the monitoring i5
far vaccination. Later it €2
vaccination, minor illnesses
During ad olescence, sexual
should also be monitoned.

software and Apps to Asslst Anthropometrie Anabysl
for Clinkcal and Research Use

The WHO provides software "Wﬁiﬂ?—ﬂr.'fhrn” foor anthrg.
pometric analysis. The software ':F":'”’E“ of three moduls;
Anthropometric calewlatar, individual assessment, and
nutritional survey,

The suftware is downloadable at hitp: o who.ing
childgrowthisofvareen’

The page provides the option to download the soffwane
WHO-Anthro for persanal camputers (FC) and mobile
devices. In addition, there are macros for the statistical
software packages to facilitate data analysis.

Table 112 Interpretation of growth parameters in chikdran O to 5 vears of age
Growth inoicalons

Z-zcore Lengtvheight-for-age Weighi-for-age Weaighi-for-lenghtvheight BMi-lor-age
Abave 3 So8 rota 1 Dbeze Obesa
Apove 2 = Cvanwoight Overwelght

Abowe 1 Spa note 2 Paossibie risk of ocvanwelght Possiola sk of owerasight

{gee nota ) [see note 3)

0 imadian) | = e {2 — 3
Below -1 | K |
Bolow —2 | Stunted [soe nole 4) Underweight Manted Wasted s

E,EE,-,.,- 5 Sevorsly stuntea Seweraly under- Sevarnaly wasled Saversly wasted

{5ee nole 4) waight [see note 5

Idagsursments in $he gray shaded boxes are v e nammal rangs
tehos;

1. A shiid In this range is vany 18ll. Tadnass is rarely B preblerr unless It (B s BACRIENG that it may Indicate an endocsing disorder suzh a5 &
gravdl-harmone produring umar. Reter a child in s range for assessrent, il you susact an endoorine dsorder {8.0. il parents of romal

haight hava a chikd whe 15 euocssively 181 for Ris or her apa).

2. A child whoza walght-for-age falls in this range may have growlh preblem, bul thig 12 belter assessed from welghi-for-lengtn/hesht or EM1-

for-age,

3, A plabed point abowve 1 shows possble riek. A trend foeands tha +2 F-eoome line shows detinite risk
4. It i possible fer & surted or sevarehy stunted child bt become cverwaight.

E. This ie refarred 1o as vany low weight i IMG] training modules

] Table 2.12: Suggested growih monitong in chitdren at differant ages

Age Haighttength WeaignH! Hesd clcumfarence Otfier
Birlk v v o

114, 34, 6, 0, 16 months < +

18 months-3 years ¥ (B masthily) « (6 rranthly) (B monthty)

3.5-5.5 years +* (6 manthly) " (B mondhiy)

&8 years (& manthly) + (B monthiy) B (yeary)
B-18 years + (yeary) o [yaarly}

Adapted from guidelnes of Indian Academy of Pediatices (2008]
Bz Body mizss ndes, SMA; Sexcal malurity rating

BMI and SMA {ysary)
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' Tabla 2,13 Examples of selecied moblle apps o interpret emhropometric data

Name Operalitg motnle syslam Basis of calculation
AndhroCa| Androld WHO and 1&F

Growlh percantilas Ardroid WHD

Growth chart COC WHO parcaniiiss Android WHD, CDC 2
AP growth charts Andrgdd, 108 WHO

Pedlatrlc growth chan s WHQ

Pedlatrlc growln chang by Boslon Childran's Hospital DS WHO, CDC

STAT growth charts Lita 05 WHD

Child growlh chart Windows WHO

Fad {Z) Windows, Andraid WHO, CDC

ITIm'du'Tl'hqdrE provide Ihls k2t anly as axamsing thay do nal endorse thase apps. Many ctfier apps sm continually being developed, User discretion
a3 anyizad.

Mobile Applications (Apps) for Analysis of
Anthropometle Doto

Takle -2.1.4: E.Eu..i.-v..as of short steture
Fl'lj'ﬂﬂll:igltﬂl short stalure or normal varlanl

IE:‘:‘.-'I_'J—:Il mobile applications (apps) are now available for Familial

instant and guick analysis of antbhropometric data Zonstijuticna

{Table 2,13). While 2 few are paid, many of them are free for

download. Same wse the CDC charts while others use WHO Pathological
Undemieition

charts for analysis, A few apps allow users to make choice
of charts for calculations and interpretation. Many of Lhese
apps have additional capabilitics and caleulalors.

Chranic systamiz illness

Cerabral paksy

Congenital hear! diaease, cyshc librosis, asthmsa
Malabsorption, &5, celiac disease, chronic Fver disease

suggested Reading
Acguired immunadeficlency syndrarmee, ol chronic infections

= dgurwal DF, Agarwal EP, et al. Physical and sessal growt
paltern of affluent Tndian Zhaldren from 5-18 pears of age. Indian
TPedintrics 199229 1205-02

o Aparwal DK, Agarwal KM, ol al, Fagsical prowth asseszment in
adoivscence. Imdian Fedintrics 200138121735

r Graham C6. Accescment of bone matueaticr—omethods sl
pittalis, Kadiol CHa Mocth Am 1872, 10:185-201

= Wirld Health Cregarisation, hirpyiSeseeswheointnut-growthdb
ez, Guidnlines pn growth maniforing from Brth, o 10 pears

Endpenng cavsas

Growth hosrnane deficdency, insensitivity
Hypathyroigizm

Cushing syndreme
Feeudohypoparathyraidism

Frecocicus or delayed pubsy
Fsychosacial dwarliam

Chidren boen small dor gestational age
DISORDERS OF GROWTH it Sheletal dysplasias, e, achondroplasia, rickets
e Genetic syndromes, e.g. Turner, Down syndrome
Short Stature

Safinian and Eoicemialogy

Short stature 15 defined as helght below third centile or
more than 2 standard deviations (SDs) below the median

height for age and gender {<-2 504 according to the

eommon eholugical factors, followed by groavth hormone
deficiency (GHD) and hypothyroidism.

Seps N Assassmant

population standard. As is evident from the definition,
approximately 3% of children in any given pupulations
will he short. Childsen whose stature 5 more than 3 50
below the population mean far age and gender
{=—3 510} are more likely to be suffering from pathological
short stabure, as compared 1o those with stature between
=2 and -3 50, who are more likely to be affectad by
physiological, i.e. familial or constitulional short stabare.

EnCioay

Shork stature can be atiribuled to many causes (Table 2.14),
Undernutrition and chronic systemic illness are the

Avcurale Refelb ineasywremen!: For children below 2 years,
suping lengtly should be measured using an infantometer
with o rigid headboard on one side and a moveable
fonthoard on the other side, while holding the infant
straight on the honzental board {Fig. 26). Foe older children,
height showbd e measured with a stadiometer, as explained
in presions section (Fig. 2.7

Assessment af height velocity: Height velocity is the mbe uf
increase n height uver a pericd of time expressed as
erry/ year, The average height velocity is 25 cm /i in the
first vear, declines to 46 cm,/yr in prepubertal children
between 4 and 9 years of age and increases during puberty
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toa peak height veloeity of 10-12 em/yr. If ]'_Lelg‘htwlnclt:,-
is l-l}]f::r than expected far age, the child is hikely to be
suffering from a pathological cause of short stature,

Comparison witl popalation narms: The height should I?e
platted on apprapriate growth charts and expressed in
centile or a5 standard deviabion score.

Comparison with child’s own genetic potential: Parents’

height significantly affects the child’s height, Mid-parental

height (MPH) gives an approximate estimate of the child’s

genetically determined potential,

tother + Father height [En_'L:I 1

2

MPH for girls = blather + Fatl‘:‘.‘r bcight (cm)
This value is then plotted on the growth chart at

1520 years (adult equivalent) of age, This gives an estimate

of the target height for the child and the percendile that

he/she is likely to follow,

.3 cm

nFH for boys =

— k.3 cin

Asgeszment of body proportion: Shork stature can be pro-
portionate or disproportionate, The proportionality is
assessed by upper segment (US): lower segment (LS) ratio
and comparizon of arm span with height, U5 can be
measured by taking the sitting heightof the child. Child is
made to sit on a square stool placed againest the vertical rod
of the stadiometer. The headboard is brought down to the
vertex similarly as for taking height. The height of the steol
is subtracted from the reading obtained o get sitting height,
L5 can be obtained by subtracting US fraom height.
Alternatively, LS can be measured by taking the length fram
pubic symphysis to the ground while the child is standing
erect. For measuring arm span, child is asked to stand
straight with bath arms extended oubwards parallel to the
ground. Length between the Hps of the middle Anger of the
vubstretched hands is the arm span,

Mormally, LS: 15 rabiois 1.7 at birth, 1.3 at 3 years, 1.1 by
6 years, 1 by 10 years and 0.9 in adults. Increase in U5 : 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.

Sexualmaturity rattmg (SMR):SMR stage should be assessed
inolder children (zee Chapter 5), Hedght spurt is seer inearly
puberty ingirls and mid-puberty inboys. Precocious pubcerty
can lead to early height spurt followed by premature
epiphysenl fusion and ultimate shart stature, On Hie other
hand, delayed puberty can also present with short staturein
adolescents as the height spurtis alsg delayed.

Difterential Diagnosi

Diagniosis Is based on a detailed history, examination and
laboratory evaluation. Careful history and examinabion can

] of shorl statyp
; the E[JDIFE}" .
unravel manﬂ ;ll:;;hi-::; [pvestigalive w?rb:lvup mIIJnrn;lq:n.-
”ﬂblﬁﬁﬁmu E; from history and physical examination,
ig guide

. done in all children wigy
Bowe age quspesment 5huu1dl E:jmm sepiphysual cenlepy
shnrt:stnhlrﬂ.Wﬂ“i“‘mmnf:_‘h metaphyses tells about the
e LF JI:r]E :;tt::ﬂc]':illd. Bone Age IS Con '-ft‘.”fli:lnnﬂ}'
akelele mm;: # }:-a Jof the left hand @ nd wrist using either
L'4_3m:] E:I::'ujm ];‘EI ;ﬂﬁ“lnr Tanner-Whitchouse m:,:th::ml. [tpives
:':I.Jr: ?;La ;q t}n 1-.-:lmt. prapaoriion -:}Ellhe a-::l*::li ]-:E:E-.hrt ha:;;?.,-:
achieved by the Ehjrljd and wzail E: 5d'r|:;|]:1r;-:i" c::rrr%pr?rr:d 't-"n
cebb pain. Bone ag ;
Eﬁnii;igirczlﬁ‘lsge in almost all causes of ;-ht:ll]tiﬁ}t:lézre.
Exceptions to this are familial short stnlfuﬂfr nw t;:. e
age equals chronological age, and PICEhe F'I'-‘ erty, in
which bane age exceeds chronalogical age. 1n case of
comstitutional delay, undernutrition and systemic illnesy,
bame age s less than -l.‘l'IIﬂT‘IUI'DEIiC‘?l ApE and c“rrl'i"qp':mdﬁ o
height age. [n cases of growth hormone deficiency and

Table 2.15: Cluas to etiology of short stature from history

Histary Etialogy
Low birth weight Small for gestational age
Palyuria Chronic renal failure, renal

fubular acidosis

Chronic diarchoa, Malabscrption
greasy atools

Meanatel hypoglycemia,
jaundice, micropanis
Headache, vomiting,
Yisual proolem

Hypopitultarism

Fituitary or hypothalamic space
oCoupying lesion, e.g.
craniopharyngloma

Lethargy, constipation, Hypothyroldism

weight galn
Inadequate distary intake Undermuteition

Soclal history Psychosoclal dwarfism
Delayed pubarty In Caonstitution '
i) Nonal dalay of growth

and pubarty

Table 2.16: Clies to sticlogy of short stature from examination
Examination finding

i , Etiology
TR Skaleta| dysplasla, rickets
] ki hypmh’!’l’ﬂlﬂism
P:ﬁ:rum o Congenital syndromas
Chronig anamia, chronic kicney
H disenge
F:Iﬂp:tI:IE::Lirlln Chronic kidney disease
B Hypaop;
deprassad nasal YRapitultarism
bridge, crowded
tegth, small ponis
Goller, coarse skin Hyp O

Central obasity, strias Cushing syndrama
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Table 2.17: rvestigative work-up for shar &tafure
Level 1 (essantial) Investigations
Complele hemagram wilh ESA
Bone aga
Urinalysis including microscopy, osmalality and pH
Stocl examination for parasites, steatorrhea and occult biood
Blood wrea, crestinine. bicarbanate, pH, caltiwm, phosphate,

a]l-:f_ill'ne phosphetase, fasting glucose, elzumin znd frans.
amnasas

Level 2 invaestigalions

Serum thyroxin, thyrold stimuiating hornione
Raryotype in girls (1o rule oul Turner syndrome)
Leval 3 Invesligations

Cafiat serlagy

Prevocalive growth hormone lasting

Serum insulin-like growlk factor-1, and insulin-like growth
fattor hinding protain-3 levels

MAI brain (lecussod on piluitary and hypothalamus) if low
peak growth hormone levels

iypotlivreidism, bone age may be lower than height age, if
the endocrine condition is disgnosed latu,

In addition, all children with dispropnrtionate ahort
stature require skeletnl saerviey to rule out skeletal dveplasia
and rHekets, Bssential screening investigatinons that should
be done in all children with short stature are listed in
Table 2.17. Tf these investigations ave normal and bone age
iz delayed, level 2 investigations should be done. 11 these
inwesd i-gatimm are alao normal, then the major diagnostic
pussibilities are growth hormone deficiency and
mlabsamption. If the child has borderline short stature, s.0.
height between —2 and -3 513, then it s prudent to wiit for
6-12 months and ubserve for height velocity. On the ather
hand, if the child i= 5ign:ifi::‘:ar1:l:.r shorti=—3 51 cr has
decumented poar height velocity over A-12 manths, ane
should proceed to level 3 investigations.

Specific: Efciogies
Famitiul 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’ t"—"‘.glilr' These
thildren show catch-down growth between blﬂh_ulll-i
2 yzirs of age, so that the helght and weight come ta lie on
their target {mid-parental) centiles by the age of 2 years.
Eul’ﬁf‘qumtl}'a the growth velocity remaing normal
throughaut childhood and adolescence. The body
Propartion js appropriate and bone age equals the
ological age. Puberty is achieved at appropnate age
and final height i within their target range (Fig. 2213

Constitytivmal grawith delay: These children are bom with
2norma] length and weight and grow normally for the firs!
12 months uf life. Their gronwth then showsa deceleration
20 tht the height and weight fall below the 3rd centile. By

Years ufage, normal height velocity is resurred and they

W R g AT R
Rpw  Lhka bl Lt it e e
1

(LR & R e R N R | |
koLl

Flg. 2.27: Srowih chor of a gil wila formilal shor Sofuns. The
child is gwing below and parallel o 3 cenfle iom el
chldbnod il ocutrosd, Reight walecity 1s nomal, bors oge
[B4) comasoonds lo chronologizal oge and target Feight iarga
indcated Dy ool Do ban is low

confinue to grow just below and parallel to the 3rd centile
with a normal height welacity, The enset of puberty and
adnlescent growth spurt is atso delayed in these children
but final height 18 within nermal limits. Bone age is lowar
than chronolagical age and corresponds o the height age,
Hiatory of de]a:.-'ﬂrl puberty and delaved height spurt is
usualiv present in one or both parents (Fig. 2.22),

Table 2,18 lists features that distinguish bebween these
twvo cumman causes of shock skatuce,

Undernutrition: Stunted growth caused by chronic
undermfrition is ane of the commonest cause for short
stature in pur country. A detailed dietary pistary and
presence of other features uf malnutrition such as low mnid-
upper arm circumference and low weight for height suggest
the diagnosis.

Endacrine eomses: These are discussed in detadl in Chapter 18-

Skeletal dysplasias: Inbern errors in the formalion of
cartilape and bone, cause chondrodysplasias or skeletal
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Fig. 2.22: Srowth chon of a ooy e corstituticnol ceiry ot growdt:
and puioerty The cnid falls to o lower centlie neatly crilkdhoad,
graws Bakes and panald to 3rd cenfle I c:hlichood, with o
apgcrant dowrmwand devialion of growsn cure duing the ol
frive of pubero, growth, with ol occstention of gowin ono
recchrg farget halkgnt [ange Incicaied by vernica. oold bor)
Boen age (B & lower fhon chmrokgloo age by 2-3 Years

R I R 1 B

“Table 2.18: Distinction betwean constitutional detay In growth |
and familial short slaiure

Featura Conshitutlonal Eamillal ghort
growth delay staliira

Height Shart Ehor

Height velocity  Mormal Mormal

Farnlly histony Dialayad puberty St aiatura

Bone aga Less than Hormal
chrongiogical age

Pubarty Delayed kormal

Firal haight Marmal Low bui nommal

for target height

dysplasins, that are uaually associated with abnormal
skeletal proportions and severs short stature (except
h}fpcld‘muﬂtﬂplasi,a, whera gmwl'n retardation is miid).

. b r, tneasurement of hyy
¥ i-itation of family hislory ;
‘;;lc:;iﬂifu]ﬁtsxaminaﬁnn of the limbs and skulland skelpsy

i jagnosis,
aurvey are reguired for diag

' ; ith an tncideneeg:

i sees: Turner syndrome, wi ”

E;ﬂn'f;ﬁﬂ'ﬂ:ths, iz @ COTNTNOT CAUSE of 51‘!Drl Etah_,p,::_. i

Iirls. and should not be ruled out even if the t}'}_‘m:.a'_

E:hﬁnnl-j.rpin foalures afe ahsent. Other b_'rr:dn:lmes “gbli'llalu:'.

E-'-l"it:h shart stotare ane 0w Prader-Willi, Russell-Silye
and Seckel syndromes,

Psychospcial dwarfisee 'T']Z"Ii.‘l.l:."l:tI'ld]t]ﬂ'l'l., alisﬂl knlflwnl as
empotinnal deprivabon dwarfism, malernal deprivatiog
dwarfism or hyperphagic short stature, 15 Seerin chﬂ'll'in
in unhappy homes where the mr:r.-ltmn al eeds _nrth,.g chitd
aretotally neglected. I is characterized by fu.uu:tlmnal hypa-
_[.1ilujl.!Ti:;.m irndicated by low ICF-1 levels and Iif1EI.LI.l'_'|:|_'_|,.|.,=|.1E
response of GH to stimulation. Therapy ‘»j-'lth GH is,
however, nol beneficial. Good catch-up growth isseen whim
the child is placed in o less stressful eovironment and
rurhared with love and affection.

Children hum.u:rmli_il‘nrgrsmriﬂﬂnf nye (S GAY: Hirth weight
Below the 1th centile for pestational age can be caused by
maternal, placental or letal factors, Most of these infarts
show catchup growth by 2 years of ape. However, an
eskimated 20=30% of babies born SGA fail 1o show catchug
arowth and remain short. bubtle defects in the growth

hormeone and insulin-like growth factor (G H-DGT) axds are
also considered responsible.

AT AT

The general principles of management for any child who
presents with shors stalure include counseling of parents
and dictary advice, Parents should be counseled 1o
highlight the positive aspects in child's personality and
nnl pul undue ecnphasis on stature, Tntake of 2 balanced
dict containing the recommended amounks of macra-and
micronutrients is recommended, The specific management
dependsonthe urderlying cause, ]_-i_‘|1'-|-_;.'|:-|:l.'5'in|i:1ﬂi|_"a|_ Fi1ssEE,
FeasEUrance and annual monitoring of Teight and weght
iz sulficipnt, :Di.EI.‘EH"}" rehabilitation for undernysritior atd
fn?lut:nl.:nt of underlying condition such as renal tubulst
acidosis or celiac disense are grnerally asaociated with
se.ti:-'.fa:l!ﬂ‘jm' cateh-up growth. With any form of ihetapy
moenitoring with regular snd accurate l:-r_':c-rn:ling af height
is mandatary far sabisfactery gutcome,

For skeletal dysplasias, limb e
offered at a few urthopedie cenmers. Far hypothyroidisi:
levothyraxine replacement is alvised, For proweth hormone
'j:?f"'*_']""'".'r'-ﬁ'-'ﬂmﬂm with daily subcutaneous injections of
GHis recommended. GH therapy is e approwed forsen erel
|.'r!.11.-|!'|‘ cunditons lhm,],gh thie li.I-EHI:'E- Fequired e EEUE'F':'EI}'
hlE;l.'l'E'I and improsvement in final ].'L-Ei,g]_'-l.t smallee aned more
vaun}]:-le a5 comipared to GH deficiency, Some of thes
conditions are Turner syndeome, 56 A with inaderuaté
catchup frowth and chronic rena) Eailune prior to transplant

ngthening procedures (T8
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