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SUNMARY. The popor doals with tho statistics) anslysis of mearuroments oblsinod on
school-going boys of various ages for cstimating noras and growth mios, in what is tormod 88 an LC3
(Linkod Croms-Soctional) study. This is a crom boiwoen s longitudinal study whers somo boys are
choson at a fGixod young sgo and aro moasured poriodically over a certain nurber of ycars eovering
tho rangs of study, ond o cross-sectional study whore boys of difforent agea aro chosn and cach boy
is measured oaly at ono age and -l. ono point of timo. In an LC3 study, boys of different sges
aro choson and cach boy is ly over & ively amallor pumber of yoors.
Thas, if ono is intoreatedin stullying growth of boya botween tho agos of & ond 18, a cortain number
of boye at oach ogo {botweon 5 and 16) may bo choson and measurcdd on theeo consceutive bicth days.
Tho atudy is thus restrioted to a poriod of about 2 yoars, whoroas in & longitudinal study tho poried will
bo about 1l ycars. Tho edvantogos of such & short rango study comparod to o purcly longitudinal
study oxtonded ovor a largor number of yoors aro explained.

1. INTRODUOTION
From onc of theso Jaboratories, two studies have beon reported carlier on growth
of children (M. N. Rao and Bhattacharjoo, 1952} and (M. N. Rao and Bhattacharjeo,
1053). The prosent study is mado on a soleet samplo of boys of the ago group 5-16
with tho following objoctives :
(1) To atudy tho pattern of physical growth of Indian children on a more
aatisfactory basis than attomptod boforo.

(2) To study tho dopend of blood p on age, weight and height
anmiong boys in tho ago group 5-16.
(3) To illustrato tho uxo of appropri tatistioal tochniques in tho estimation

of norms and growth ratcs in what wa call a linked cross-soctional study.

(4) To provide information for planning of futuro survoye for dotormining
norms and growth rates.

Sciontifio studios on growth of childton aro of practical importance in
school health prog: In thoir graph on Hcalth Obscrvation of School
Children, Whoatloy and Hallock (1951) have roviewod all tho sciontifio data for tho
comploto growth of a child—both physical and psychological. Insomo of the hoalth
clinics for childron in tho United Statoes, comprohonsivo recorda aro maintained to watoh
tho growth and dovolopmont of individual childron. Wotzol-grid rocord is ono such.
Many variablea aro included to computo this grid, o.g., body build, dovolopment,
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basal boli oto. Auxidromi (‘ago achodulo of d P ) in
tho grid monsured as tho dovintion of ncl.unl from ‘oxpected’ gives a q i
oxpression of the physical fitnoss of n child.

Publio health and moro so, school health programmes in India havoe not yot
doveloped to such an oxtent as in somo of tho Wostern countrics whoro suoh grida
aro used. But attempts have been mado in tho past to roport on tho health and nutri-
tion status of school childron.

The only prohonsive survoy roportod of L
in school-going children was by Someawar Rao (1861). From about 24 papors pub-
lished botweon 1936 and 1954 ho roviewoed a samplo of 41,687 boys and 6,335 girls,
moasurcd ns a part of nutrition surveys. Somocswar Rao says :

“Tho investigations wero confined mainly to tho lower cconomic groups...

In most of the reports, no mention wna mado na to how tho ages of tho subjocta

wero nsscssed.  No offort was over mado to obtain tho wrrccr. age. It m

probably difficult to elicit any roliable infc i g ago 1)

while dealing with the illiterato paronts. No uniform method was ndopwd

in expressing tho age and in nene of the above studies, however, was the samplo
suitablo to provide the necessary bnsis for constructing normal standards.’

*In sono of tho surveys undor roview, even spring balances were used for

obtaining weight and in the techniques of ¢ and tho p

of results o lot was loft to bo dosired.’

Wo havo also examined a large numbor of isolated studios on growth of Indian
childron in recent journals, which suffer from tho same defeet as the earlier studics.
Thero is a great need to mako a systematio start and collocts data according to woll
designed plans.

2. SAMPLE AND TRE COLLECTION OF DATA I¥ THE FRESENT STUDY

The samplo of this report consisted of boys going to St. Xavier's School,
Caleutta. This Schiool waa selected due to the excellent rocords maintained by them
and tho rigidity in admissions and birth certification. It is ono of the oldest and well
run schools of Caleutta. A largo majority of the school children aro from high socio-
cconomic parentage able to afford a rolatively costly education. It can bo reasonably
said that all tho boys have patatively healthy onvi te at homo with ade-
quato diotary and nutrition standards. Tho soloction of such a samplo would ensuro
tho optimum expectations in health levols that ean bo roasonably reached through
achool health programmes in an Indian community within the gonotio framo-work.

Morcovor, this School is cosmopolitan and tho non-Bongali studonts and thoir
parents are migrants to Caleutta from difforont parts of India. Four zonos havoe been
arbitrarily categorized for studying regional difforences in physical charnoteristics of
boys :

¥ (1) Eastern Zone, consisting of Assam, West Bongal, Bihar and Orissa.
(2) Northern Zone, oconsisting of the Punjab, Dolhi and Northern Rajasthan,
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(3) 1estern Zone, consinting of Muharashtra, Gujorat and Southorn Rajasthan.

(4) Southern Zone, conninting of Andhra Pradesh, Madras, Mysoro and Kerala.

All the children in this study aro given a proliminary check-up clinically to
climinate obvious physical defeets and defurmities. Tho data wero collected from
cach child during tho month of ita birth. Out of about 600 obscrvations, more than
50 per cont waro mado within 11 days and more than 75 por cent, within 20 days of tho
dato of Lirth.

Tho boys wero sclected at random from lists availablo in the Scliool with the

restriction that at best four boys for cach zono in cach year group aro included in the
sample.

TABLE 2.). FREQUENCY DISTRIUUTION OF BOYS DY §TATE AND MONTII OF RIRTH

codo numbier of ntuto

ono
month total

3 8 12 13 15 others south camt  weat  norih
January 1) 3 3 3 3 7 3 4 G o 10
Fobruary [ [ 0 2 [ 10 2 8 7 1 18
March 0 o o 2 B k4 L] [} 3 o 12
April 1 3 3 2 1] 9 1 10 L] 4 21
May 1 3 0 1 5 2 3 & 3 1 2
June 1 i 3 2 5 1 2 3 3 (K]
July 2 0 [} 2 4 [ 23 7 8 EL)
August 2 3 ° B 8 13 0 0 1} 11 4
September 4 4 7 2 7 B3 3 8 10 o 2
October E) 4 2 3 5 2 7 [} ] 5 26
Noverber 4 1 T 2 3 1 3 3 o 10 25
December 4 8 2 1 H B 10 6 9 4 28
tota) 22 30 42 a2 80 81 51 03 B3 62 293

Tablo 2.1 gives tho frequenoy distributions of the boys by month of birth
and Stato oc Zono. Tho disproportionately high froquencies in tho socond half of the
year (July-December) in general and for July in tho State with the codo number 13
could Lo oxplained as duo to wrong reporting of month of birth by parents for somo
roason or other. Howover, wo hopo that the ago aa calculated from tho roported
month of birth is not in orrur by moro than six months.

Altogother, 203 Loys have beon measured; 101 of them only at ono age, 66
at two consecutivo nges, 113 at throo consocutivo ages and 13 at ages differing by two
years. Tho actual ago distributions of Loys measured once, twico and thrico aro givon
inTablo 2.2, It iascen that tho presont study is not of a puiely crous-soctional or purcly
longitudinal type. 1t iy a mixturo of tho two spread over a poriod of maximum two
years, which scoms to Lo an ideal design to follow in projects for detormining norma
and growth rates. A full discussion of this problem, viz., tho designing of survoys for
studying growth of childron is givon in Soclion 6.
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TABLE 2.2, NUMBERS OF INDIVIDUALS MEASURED ONCE,
TWICE AND THRICE

wi 3
TPt URS A SR e
5 5 1 1 1 s
[] 3 4 135 1 a5
7 7 5 0 — m
. 3 7 18 2 o8
1] 2 7 12 1 o4
10 8 3 12 2 >
n 1 8 " 2 50
12 [ 5 n 1 58
13 4 ) n — &5
i1 [} 8 [ 1 82
18 17 ] 4 1 5
10 17 4 2 [} 4
17 10 ] - - 20
18 4 —_ —_— - 10
total 101 ] nm 13 000

On each visit observations woro made on hoeight, woight, systolic and diastolio
blood prossures and tho numbor of natural teoth, All tho moasuromonts wero taken
by tho samo oxporionced individual, a sonior technician, and were regularly chooked
by ono of tho authors. Tho tochniquo of mensuromoents woro aa followa.

If tho studont visited had any acuto illness or fover during the immediatoly
past fow days or if thoro was any evidence of convalesconco, no roadings wore taken.

Tho rocords woro taken usually at noon-timo: about 3-4 hours aftor breakfast
and just boforo lunch time.

Blood pressure is takon aftor tho studont is mado to lio down. Moasuromont
ia ropeated threo timos usually and vory occasionally s fow moro times and tho steady
roading of tho last two observations rocordod ultimatoly.

The auscultatory method with a mcroury baumanomotor is used at tho right
forearm. It is onsurod that tho armband is emoothly wound round without folds
and tho shouldor and tho clbow onsured to bo rosting at about tho heart lovol.

Tho prossuro is raised to nearly 200 mm to oblitorato tho brachial artery and
to romovo nny possiblo spasm. The chest pioco of tho atethoscopo is placod flab over
tho site of tha brachial artery at tho antocubital fossa, proliminatily located boforo the
pressuro ia raisod. Tho pressuro in the arm bag is slowly roleased. Tho lovel at which
o clear sound is suddonly heard is notod as tho systolic prossuro. In courso of timo,
tho crisp sound is mufMed (2nd phaso), but rovives with a roverboration or o bang
{3rd phoss).  Within another 15-20mm fall of morcury $hero ia o suddon fooling of
collapso of tho sound which gots softish and muflled. This 4th phaso is noted as tho
dinatolio prossuro. Tho 5th phaso whoroin tho muflling fades awny is ignorod. The
moreury ia brought back to zero boforo tho noxt roading is takon.
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Tho blood pressuro was alwaya taken by tho samo porson.

For othor monsurements the student is mado to tako off his shirt, pants, shoos
and socks and oxamined with underwear only. Turbans wero romoved in the caso
of boys from tho I'unjab and tho hair locsencd over to tho ehoulders.

Height i taken s ho stands at zero lovel on the monsuring machine with hools
touching tho horizontal lovel and tho vertical scalo at right angles. Tho studont
stands eroct with his sacral and thoracic spinal cutvos touching tho vortical scalo,
Tho sliding head-rest is brought down to touch tho skull through tho crop of hair and
tho height read out from tho sido with tho head-rost in position.

IWeight is thon takon by tho student standing quiot on tho machine kept in tho
contro of tho room,

Teeth. Tho number of natural tooth, including tho presenco of atumps and
freshly oruptod teoth, havo boon recorded separately for tho lower and uppor jaws
and on tho loft and right sidos.

3. PRELIMINARY REDUCTION OF DATA
Wo mako a preliminary reduction of data to examinoe somo saliont features
such as zonal diffc relationship I cte. In tho noxt seetion wo
uso somo of tho inferences drawn on the basis of a preliminary analysis of data and
opply appropriato statistical techniques to obtain ofticient estimatos of norus and
growth rates.

Mean ralues.  Let us consider tho observations on any charucter of the boys of
o particular age and zono. By taking their simplo average, wo obtain an age-spocifio
averago for tho partioutar character and zono.  Tho age-specific averagus so tod
for height, weight, Llood pressuro (sytolic and dinstolic) aro given in Tables 3. l 3.2,
3.3 and 3.4 soparately for the south, east, west and north zones and also for all tho
zones put togother.

Differences between zones. For oach ago and charactor, differencos Lotwoon
zones ate tested by analysis of varianco. The F ratios of 'between to within zones'
aro all emall, indicating that age-speeifie difference, if any, between zones are likely Lo
bo small. Tho samplos in our study aro not nuucrous enough to establish significanco
for each ago whon tho truo differences aro of a small order.  Wo shall, thereforo, try to
comparo the zonos with reapect to a suitablo integrated measuro computod for cach
zono as & wholo for ench charaoter.

Standard population approach. In thix mothod wo consider a standard popu-
lation of boys with spocified froquencios for ages from §-16.  Applying the ago spocifio
avorages of a character in a zone, the average for o standard population is caleulated
for each zono and character. In tho presont study, tho frequencivs in tho standard
population aro taken to bo proportional to tho numbers of boys mensurad at difforont
ages by pooling tho obsorvations ovor all tho zones. The averages, so obtainod, for
height, weight and blood pressuro with rospoct to the chosen standard population

241



SANKHYA : THE INDIAN JOURNAL OF STATISTICS : Senies B

aro given in Tablo 3.6 for tho age groups 5-10, 11-16 and 5-16. It is soon that tho boya
of tho Nurth zono are, on the averago, taller anid hoavier than thoso of tho other zones,
whilo tho relative positiona of tho boys in tho other zones aro not clear-cut. Thero is,
howover, an indication that the boys of tho South zono havo the loast average woight
among tho others.  Thoy aro shorter than the boys of the Enst and nearly equal in
Tieight with those of the West. Tho boys of tho West zone ato shorter than thoso of
tho East although nearly equal in weight. Tho boys of the South zono scom to havo
higher systolio blood pressuro than thoso of tho other zones.

Tho averago number of teoth in the four positions show no zonal difforences,
Tho averago values for all zones taken togothor aro given in Tablo 3.6.

Tho analysis of data, using a standard population, brings out cloarly tho zonal
differonces in notmns and, perhaps, in gomo othor aspects of the growtfx of boys. How-
over, as obscrved carlier, Iarger samplea than those availablo in the prosont etudy,
will bo needed to ino tho rgo-specific difft in norms and growth-ratos.
Further analy»is of data is carried out on tho observations pooled over all the zones
to obtain an insight into tho averago pattern of growth of boys and to illustrato the
application of appropriato statistical methods. Wo Loliovo that the broad conclusions
drawn on tho Lasis of pooled data aro not very much vitiated, since tho ago-specifie
diffcrences between tho zones, if any, are likely to bo small.

TABLE 3.1. JIEIGIITS OF BOYS : AGE SPECIFIC NORMS AND DIFFEREXNCES BETWEEN ZONES

south enst west north all zones
ago
N moan ~N mean N mean N monn N mean £ s.o.
& 2 .23 4 111.79 t 103.84 1 117.50 8 107.1238+3.8142

[ 4 120401 9 1925 10 13.97 2 109,79 25 116.620341.0303
7 e 121.21 15 12283 1l 122,73 T 12005 42 121.8874L1.0443
) 15 126.01 20 120.81 14 127.37 0 130.04 88 127.3809£0.9508
¢ M 130.12 16 12008 M 132.16 10 136.83 &1 131.8750:4+0.8703
10 13 134.62 2v 133.07 19 135.79 10 138.90 62 130.3049:40.0942
[} n 140.73 2 142.67 (1] 139.20 13 143.35 50 M504 10685
12 10 H7.02 1o H47.17 j0 Hi.80 10 147.08 &3 146,75 147£ 0.0091
n 13 163.02 4 167.60 15 153,80 13 157.68 83 1554491 £1.05357
(K3 10 161,95 13 164.28 17 158,44 10 108.22 52 101.0133 £ 1.0557
15 T 162,70 13 107.10 21 103.81 12 160.60 51 165.024341.0413

10 1] 171.50 20 108.38 " 105.82 0 104.58 Ll 166.9354£1.1356
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TADLE 3.2. WEIGH TS OF BOYS 1 AGE SPECIFIC NORMS AND DIFFERENCES DETWEEN ZONES

south oast wot north all zonca

y mean N mosn y mean N mean A mean 4 w0,

5 2 15.00 4 18.22 1 10.40 1 17.60 8 11.33751 0.036¢

L} 4 2,12 ) 21,80 10 10.13

.
8
3
"

20.6300+0.8027
7 9 22,50 18 23.90 n 2443 7 21.20 42 23.3420£0.70i0
8 15 2352 20 24.28 N 2301 s 1.3 58 24.80350.7020
9 Y 24.54 1 254 H 2!.0! 10 20.53 113 20,7037+0.7380
10 13 20.84 20 28.51 19 20.20 10 31.20 02 28.838710.7340
I 1 3.8 12 3342 W 3.6 13 3871 80 33.1480+0.0243
1210 B 16 30.03 18 3318 16 37.39 88 35.8331+0.878¢
n 13 40.32 113 44.77 15 40.50 13 45.03 83 42774541, 2123
14 10 46.83 13 49.10 17 40.80 10 80.87 82 48.273111.4753
13 7 1.0 13 48,88 21 s2.0l 12 5094 63 61.6925+1.6038

16 1 49.40 20 49.21 n 80.t1L 8 58.40 41 63.082912.0502

TADLE 33, B.P.4. OF BOYS: AGE SPECIFIC NORMS AND DIFFEREXNCES DETWEEN ZONES

wuth oast wost north oll zonos

N moan he mean N mean N mean I mean L se.

5 2 75.00 4 77.50 ! 03.00 [} 75.00 8 75.00004 8.2583
0 4 86.75 [ 83.660 10 81.50 2 87.60 25 B4.GO00L1.0T4T
7 0 86.07 N 80.14 n 89.43 7 91.43 41 68.0488+1.3411
8 1] 86.00 19 89.47 L) 80.64 9 90.50 87 §8.771941.4577
? 14 93.21 16 £0.00 8] 93.03 10 £0.50 12 91.618141.3227
10 13 9i.02 20 £0.76 19 96.21 10 97.00 02 03.810011.4475
11 n 101,85 12 93.67 " 00.67 n 93.18 80 90.0800:+:1.7207
12 10 103.30 10 00.02 16 05.78 10 100.0¢ 12 £9.0600%1.6927
n 13 104.02 u 106.57 13 102.60 13 103.38 83 10481821 1.4983
1} 10 113.50 1] 110.80 17 103.12 10 103,50 53 108.0513.1.4820
18 7 108.57 13 110.83 21 nt.ae )z 13.58 B3 11L.3019£ 14178

10 1 130.00 18 108.00 n 118.91 ? 1211 30 T11.74361 1.6285
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TADLE 3.4. D.P.D, OF BOYS : AGE SPECIF10 XORMS AND DIFFERENCES BETWEEN ZONES
south oaxt wont north oll zones

o8° N moan N mean N moan N mean N mean + so.
8 3 32.50 4 36.25 1 35.00 1 35.00 8 33.000041.4280
L] L 47.50 9 48.33 10 41.00 2 42.80 25 44.8000%1.8M5
7 ? 46.07 14 50.20 11 83.43 17 50.71 41 50.300241.2247
8 g 47.00 10 51.68 H 50.20 0 52.22 57 60.1754£1.2175
9 " 41.80 16 43.44 H 52.50 10 60.00 54 48.7407:£1.8807
10 13 53.08 20 50.50 19 54.20 10 84.00 02 §2.8387£1.0375
u n 80.00 12 63.03 M 66.14 13 88.31 &0 56.000011.4379
12 10 56.00 18 57.19 16 54.69 10 50.25 68 50.0343k1.1217
13 13 60.83 u 60.43 15 58.47 13 60.31 83 59.963¢£1.2183
4 10 8410 18 01.07 17 61.20 10 58.50 52 01.4038+1.0011
13 7 07.14 13 03.00 21 60.95 12 63.50 (4] 03.3019£1.2357
10 1 65.00 18 03.50 1 83.01 1] 05.11 39 84.5897+1.4941

TABLE 3.5, COMPARISON OF ZONES WITII RESPECT TO §TANDARD
POPULATION AVERACES

ago group character south enat wost north
eight 126.6240.93 127.6240.70 127.6240.89 129.8311.22
Y Woight 24.0240.08 25.0140.60 20.0340.62 26.7610.82
- B.I'S. 89,77£1.36 88.10k1.13 00.6741.23 O1.49+1.67
B.I'D, 48.24x1.30 49.01%1.09 50.8711.18 50.5241.88
Meight 155.7541.33 157.3040.82 153.8340.70 157.504£0.80
Nte Woight 41.604£2.07 43.40%1.01 42.794£0.90 40.90£1.16
- n.rg, 109.7141.83 104.1040.22 103.92¢1.17 103.3511.30
B.D.D. 61.3141.04 59.7010.08 59.23£0.04 60.41£1.08
Hoight 142.734£0.67 144.10£0.67 142.154£0.50 145.20£0.73
Woight 33.76+1.10 35.2440.61 35.31%0.01 37.9710.74
5—10 B.P.S, 100.82%1.19 07.0240.84 07.97+0.83 09.174£1.04
B.P.D. 63.48+1.08 64.891:0.73 £83.60.4£0.74 66.00£0.93
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TADLE 3.6. MEAN VALUES OF TIIE NUMBER OF TEETIL IN FOUR

POSITIONS
positions
ago n
1 2 3 [
5 3 5.00 5.00 5.13 5.25
o 25 5.40 5.44 5.40 5.48
T 41 5.83 6.85 5.50 6.00
8 54 5.98 5.94 5.03 5.04
0 50 5.92 5.02 5.98 5.04
10 57 6.02 6.02 5.91 5.90
1 15 6.1 6.07 6.18 .15
12 50 6.52 0.48 0.43 6.43
13 50 6.72 6.70 6.78 6.78
N 51 6.02 6.83 0.53 0.88
15 52 0.8 6.94 8.92 6.00
18 41 7.02 7.02 7.02 6.97
Standard devialions "and correlation. Ago-spocific standard doviations aro

ealculated for hoight, woight, log, weight®, B.P.S. and B.P.D using all the asailablo
measuremonts at each ago. Thoy aro given in Tablo 3.7. It is scen that while the ago
spocific standard doviations for hoight aro nearly tho samo for all ages, thoso fur weight
tend to increaso with ago.  On tho other hand the ago-specifio standard doviations of
log, weight are neatly the samo for all ages. For this roason wo chooso log, weight
instead of weight for the regression analysis of blood pressuro on tho physical charac-
toristics and also for tho ofliciont estimation of norma.

Tablo 3.7 also oontains tho corrolation coofficionts of heights at agos § and §41
for i = 6,..., 15 and at ages ¢ and §+2 for § = 5,..., 14. Similar corrolation coofi-
cients aro computed also for log, woight. Each coofficient is computed from pairs of
measurements mado on boys at two differont ages. Tho number of observations on
which each correlation coeflicient is based is also given in Tablo 3.7. It may bo noted
that the correlation coofficiont of moasuremonts at agos & and -1 is of tho samo order
of magnitudo fur all  and so also the lati Mlicients of m at nges

¢Log, woight represonta the logarithm of weight to the Naporian baxe ¢, For purposed of compu.
tations on an electronio machino it s converiont 1o wxo tho baso e Many lugasithmic tablea provido loga-
rithras of numbors to tho baso 10.  Qiven log,e 1 wo can find log, w by multiplying logy w by 2.3028,
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vand i42. Tho pooled values of theso cocfficients for height and log, weight aro also
given in Tablo 3.7.

TABLF. 3.7. ACE-SPECIFIC STANDARD DEVIATIONS ANXD CORRELATIONS BETWEEN AGES
ONE YEAR APART (r,) AND TWO YEARS APART (r,)

standand dovintion height logs woights®
oge n  height woight log, B.P.D.* D.P5S n n n n ,, "
woigh
5 8 10736 1.800 008 5.07¢ 3.730 2 1.0000 2 1.0000 1.0000 1.0000
6 23 B40T 4.014 .18  9.074 D.IR3 20 0.8085 16  0.0704 0.0335 0.0240
7 41 6.708 4.568 )84 8.482 T.T6 20 00704 0 0.0910 0.0990 0,037
8 68 7.1 6.2i6 103 30.900 0.101 32 0.9025 18 0.0773 0.0699 0.0513
9 B4 6.305 .42 L1835  0.620 11.507 35 0.0705 13  0.0508 0.0730 0.9797
10 02 7820 6.710 L094  L1.305 10440 27 0.0705 14 0.0014  0.0883 0.0%7
1m0 511 6.537 .200 12.108 10.065 31 0.0527 18 0.0102 0.0065 0,7104

1

7.000 0.080 103 12.780 8.400 30 0.0101 12 0.9460 0.9390 0.0040
n 55 7.820  8.000 .213 11.012 8.053 30 0.9260 11 0.873¢ 0.0662 0.0030

7

7

7

H 52 .612 10.63¢  .220 10,590 7.732 23 0.0410 7 0.0038 0.97I19 0.9747
15 53 L8381 11308 .211 10.224  8.011 16 0.9694 _— 0.0787 -
18 4 L2710 13.183  .217  10.039 0.210 — —_ - -— -
pooled 7.503  8.00¢ .109 -_ —_ 0.0140 0.9185 0.00650 0.9320

*Tho valuea of n for tho nges 8 and 10 are 67 and 30 rospoctively.
*Tho votuos of n on which r, und r a0 bined aro sama As thosa for hoight.

DBlood pressure. Tho ago-spocific mean values of B.P.S. and B.P.D. aro al-
ready reported in Tables 3.3 and 3.4 respectively. It is scon that both B.P.S. and
B.P.D. increaso with ago as in tho caso of height and weight. Sinco weight incroases
with ago, wo also expoct weight and blood prossure to bo highly associated. It is,
thorofore, pertinont to raiso tho following quostions.

I3 tho rolationship botweon blood pressuro and weight sololy due to thoir
individual rolationships (i.0., both incronsing) with agof Or is thoro an intrinsic rofa-
tionkhip botwoen tho two independently of age ¥

Ia blood pressuto rolated to height in addition to weight ¢

In ordor to answer tho ficst question wo obtain the regrossion of B.P.S and B.P.D
on height and weight within age groups and test their significanco. In tho following
analysis we have mado uso of al) the observations on blood pressure, hoight and weight
availablo on boys of a given ago. Sinco somo boys aro common for measurement at
difforent ages tho observations at difforont nges are not indepondont and on this no-
count tho statistical regreswion analysis used by us may bo in orror to a small oxtent.
But wo hopo tho Lrond conclusions aro correct.
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The regression analysis within ago groups is givon in Tablo 3.8. The variance
ratio for regression on weight is high and that for the partial regrossion on hoight oli-
minnting weight is low. This suggests that for any given age, blood prossuco deponda
on woight of tho boy and thero is no furthor depondonce on height. Consoquontly
norms of blood pressure by ages without referonco to woight aro not meaningful. For
any given ago tho regression of B.P.S on log, woeight is 24.8055 and that of B.P.D
on log, weight is 13,7224,

TABLE 38. REGRESBSION ANALYSIS WITIIIN AGE GROUPS

deoto ar (X3 meD,

(2N me. as, ms.
regroasion on woight 1 13138 13138 4001 4001
partial regression on hoight 1 126 125 20 10
total regrossion on height and woight 2 13203 0631.5 4031 2015.8
rosidual [ 49406 01.77 40224 74.03
tolal {within ngo groupa) [ 02729 RS

Having established the dopond of bleod p on woight at any given

ago, wo raiso tho following question. s the obsorved increaso In Llood prossuro with
ago sololy duo to incronse in woight with ago or ate othor pbywiological factors which

indepondontly infl blood p with incroasing aget For this purposo we
carry out a regrossion analysis covering all agos. Tho results aro reported in Tablo 3.9,
Although woight is the most predominant factor influencing blood 7

wo observe that tho variance ratio for partial regression on ago is high indicating
tho efocts of other physiological factors. Thus ago in nddition to woight would be
usoful in predicting blood pressuro,

Tho regrossion cquations for B.P.S, and B.P.D. on log, woight {log, w) and age

(a) are as follows :
B.P.S. = 4.6120426.1788 log,t040.4875a - (31
B.P.D. = 0.1026+413.9744 log,10+0.5664a . (32)

Using these formulae the norms for B.P.S. and B.P.D. for a given combination of
woight and ago can be found. Thus for ago 6 and woight of 20.04 (with log, 20.64 =
2.3026 X log,, 20.64 = 2.3026X 1,3147 = 3.0272) tho norm for B.P.S. is

4.01264-25.1788 X 3.02721-0.4876 X 6 = 83.7589,
Similarly the norm for B.I".D at ago 6 and woight 20.64 is
0.19264+13.9744 X 3.027240.5004 X 6 = 45.8042,

At the samo ago of 6, for 1 kilogram moro in woight tho B.P.S. would Lo moro by
1.1060 and for I kilogram loss, tho B.P.S. would Do loss by 1.2614; snd o on.
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TABLE 3.0. REGRESSION ANALYSIS OVER ALL AGE GROUPS

B.I'S. B.P.D,
duo to A

.. ms. s ms.
purtinl regrossion on ngo 1 LT 30 103 103
linoarity of partial regrewion on oge 10 467 0.7 096 99.6
effect of ago 1 813 73.87 1009 100.0
rosidusl 510 10302 01.84 40234 T4.88
doviation from regrossion 551 50105 01.48 41353 75.05
regrossion on woight 1 59323 59323 23060 23060

total 652 109228 6413

4. LEFFICIENT ESTIMATES OF NORMS AND GROWTH RATES

In Scction 3, age-spocific norms wero obtained by averaging all tho available
observations at cach ago. Theso aro only crude estimates obtained in tho proliminary
reduction of data to draw inf 3 on zonal diff and socond order moments
(standard deviations and corrolations), which would be useful in the efficient estimation
of norms, It is known that whoen cach boy is measured at only one ago, tho best
method of estimating tho norm for any ago is to take tho avorago of all tho obsorva-
tions at that ago. Sinco somo boys aro mensurod at two or threo difforent ages, the
obscrvations at differont nges are not independont. It is therefore possiblo that tho
observations at any ngo provide information on the norms at other agos, through
their corrclations with tho obsorvations ab tho other agos. Wo, thereforo, oxploro
tho possibility of jointly estimating all tho norms for ages 5-16 by utilising all the avail-
ablo data. This is dono by tho mothod of loast squares as oxplained bolow,

Lot us cbserve that on each individual cithor ono, two or three ntoasuromonts
aro taken. If there is only ono measuremont z sy nt ago 4, then wo consider tho
squared doviation

(xi— e (1)
whore g is the norm to bo estimated for ago 1.

If thero aro two monsuromonts z, and 2, at ages 5 and $+1, on the samo boy
thon wo consider the quadratic form

ANz = p P 2= Mg o~ i A = f40) Lo (4.2)
whoro tho matrix (A"} is tho reciprocal of tho matrix
1 p .
(m 4 ) e 3
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whore p, is the lation bet ot ngos § and §+1. It Is assumed
that p, is independont of i, which appears to bo valid on tho basia of tho estimates
reported in Tablo 3.7,
If thoro aro two moasuroments ot ages 1 and §4-2 on the samo boy, wo considor
the quadratic form

Et— )+ 28 X2 — )2 = i)+ Bt — P v (14)
whoro tho matrix (£Y) is the reciprocal of tho motrix
1 p
( 1 Y )

whero py is tho correlation betwoen the moasurements at ages § and i42.  Again py
is assumed to bo indopendent of 5.

If thero are throo monsurements ab ages 7, i+1 and 42 on tho same boy,
wo considor the quadratio form
=P 202~ ) (i) F 202 =R N — R F 1 =21
+ 20535 — e dZns =B 1N T e— o) o (1.0

whero tho matrix (%) is the reciprocal of the matrix

1 A Pa
P 1 [} w (A7)
P A 1

where p;, py 670 03 dofined eatlier.

If wo substituto for p, and p, tho poolod estimates as shown in Tablo 3.7 thon
corvesponding to each boy in the samplo we have a quadratic form in tho unknowns
Hgoser firg Of tho typo (4.1) or (4.2) or (4.4) or (4.6). We tako tho sum of quadratic forms
ovor all tho boys, which ie a quadratic function in 1y, ..., s Minimising this function
with respect to fig,..., /1,y We obtain least squaro estimates. Tho normal equations
leading to a minimum may bo written

dp=d e (4.8)

whero p is the voctor of paramotors sy, ..., fi;e and A is the matrix of normal equations.
If (a”) = -1, thon the loast squaro cstimates aro

p=d1d e (49)

The varianco-covariance matrix of the estimates is
o4l e (420)
ing that tho atandard doviation of ts ot any ago ¢ is o, indepondent

of i and ignoring orrors in the cstimation of p, and p;. Tho pooled valucs of p,, py
and o2 given in Tablo 3.7 havo boon used in tho ostimation of paramoters and their
standard orrors.
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The normal oquations, the inverso mateix A-'and the solutiens were computed
on tho IBM computer 1401, Tho estimates z0 obtained for the norms of height and
log weight and their standard orrors are givon in Table 4.1, The samo tablo containg
estimates of growth rato (increaso in ono year) and also tho differontinl rate of growth
{differontinl increaso). Tho norms for woight aro derived from thoso of log weight by
taking antilogs.

A comparison of tho standard crrors of tho norms givon in Tables 3.1, 3.2
and 4.1 shows the advnntages of Linked Cross-Seetional Study (LCS). Tho standard
crrors in Tablo 4.1 aro ncarly half of thoso in Tables 3.1 and 3.2, which shows that
LCS study with only 100 obscrvationa at cach ago is oquivalent to o cross-sectional
or Inngitudinal study with 330 obscrvations at ench ago. Thus, tho LCS study
results in considerablo saving of observations, besides providing information on
other aspects of growth, such ns rate and differontial rato of growth.

Tho growth curves for height and weight show a similar pattern. There iy
a constant Incrense per year {growth ate) in tho first few yoars followed by sudden
ncceleration in growth rate. This acceloration is maintained for a fow years and then
a gradual declino in growth rato takes placo. This sudden acceleration in growth
rato of height oceurs in tho 1ith year and that of weight follows a year later. Thero
is also a slight acceloration in thoe growth rate of weight ono year proceding that in
height.

TABLE 4.1. IMPROVED ESTIMATES OF NORMS, GROWTH RATES AND
DIFFERENTIAL CROWTH RATE

height log, weight woight
ago ago
norm L 0. increasodiffcron- norm £ mo.  increasedifferen- nomm inercaso differon-
inone  tisl inone  tial nono  tisl
yoar  incroaso year incresso Year  increaso
6 1082311473 2.810£0.033 17.11 &
5.83 : v.107 .
0 114.084£0.308 o 2.04740.020 0.031  19.03 0.38 L]
0.03 0.133 2.482
T 1201140708 0.01 3.0350.018 -0.030 21.87 0.52 7
0.4 olw 2.30
B 120.13%0.638 -0.3% 3. 1510010 ~0.007 24.17 -0.03 3
5.00 w001 2.35
9 131.80L0.013 ~0.39 3.27810.015 V.ol 20,52 .28 Y
5.20 0,004 2.63
v 137.07L0.891 ~0.60 3.35240.015 v.OIT 20018 0.70 1V
4.01 v 341
11 14l.o8t0.0m2 1,72 3.438310.015 -yl 32,55 -0 I
6.33 0.0938 .37
12 148.v14.0.587 o.19 2.58110.018 0.025  35.03 1.37 12
.63 0.1 +.74
13 135,550,505 -0.3§  3.703£0.015 -0.013 .68 0.08 13
[RL o1 4.79
14 Iev. 7210010 -1.30 3.81710.013 -0.008  43.46 o.13 U
4.58 o.104 1.97
15 165.00%0.034 =-1.50 3.92110.018 ~0.043 3043 =194 13
2.22 0.050 3.0
18 1s8.9140.700 3.074£0.010 83.47 10

Tha sta:dard orrors of inceoaso in height in ono year ara gonerally of 1ho order V.4 —0.5 sud tyweo
in Jog, weight, of tho ordor 0.04—0.05,
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Charts, Charts 1 and 2 givo a graphical ropresentation of tho records of hoight
and weight on boys 1 on threo ive birth days, Thesoe charts provide
a visunl picturo of how different sections of individual growth curves hehave and also
tho variation betweon individunls,

WRIGHTS e 113 SCHOOL BOVS
" CALCUTTE
(oM YVIEE COWSECUTIVE BRYROAYS.

i 4

Chart 1.
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ON THE GROWTH RATES OF INDIAN SCHOOL-GOING BOYS

Chart 3 gives tho grapha of norma for height and weight and Chart 5 gives o
comparison of growth rates for height and weight. Slight increaso in tho growth
ato of woight at tho ago of 10 prior to a sudden high increase in the growth rate of
height at the age of 11, which is furthoer followed by a high increaso in tho growth mte
of weight at the ago of 12 aro noticeable from Chart 6,
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Chart 8.
Chart 4 provides tho graph of the obsorved averages of systolic and diaatolic

blood pressures at difforont agos.  As obsorved oatlicr, the norms dopond on both woight
and ago and thoy are calculablo from the formulao (3.1} and (3.2) given in Scction 3.

5. DESION OP 3URVEYS FOR ESTIMATING NORMS AND OROWTH RATES

In growth studios, two types of approaches aro g lly followed. Ono is
a cross-sectional study, involving tho mensutoments of individuals of different ages
at ono point {or poriod) of timo. Another ia a longitudinal study, whero a cortain
number of individuals of a fixed ago aro chosen and thoy aro measured periodically
ovor a given number of yoars. It is woll known that tho longitudinal study, which is
spread ovor a number of yoars, involvos moro expense and caroful planning of collection
of obscrvations than the cross-soctional study. Yet, it is recommended on tho grounds
that it provides moro information on different aspocts of growth than what could be
Linined from a study. In tho present survey, wo tried a mixed
approach, which may bo called a linked cross-soctional (L.CS) study. Some individuals
have been measurcd only at ono ago, somo othors at two cousecutivo ages differing by
one year, and a third group at three consccutive agos. In a fow cascs of tho third
group, a sccond monsuremont at tho ond of ono year could not bo obtained, while tho
third measuroment at the end of two yoars was available. Tho numbers of individuals
and tho ages at which thoy were moasurcd have already beon given in Tablo 2.2. It
isscen that tho poriod of survey ia oxtonded only ovor bwo years and tho survoy actually
consists of short poriods of longitudinal studics, ovorlapping with each other. We
shall ino tho th ical 1 of such o study.
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Norms. Supposo that we are intorested in eatimating tho norms of some
chacacter at two different ages say of 8 and 7 yoars by obtaining n total number n
of measucements at cach ago. Lot us supposo that a total of # n individunls are mea-
sured only at age 6, 71 aro mensured only at agoe 7 and (1—a)n aro measured at both
tho ages. In such a acheme the numbers of individuals measuted at oach ago is # and
{I—m) ropresonts tho propoction of individuala common for both tho measuromonts
(at ngea 6 and 7). Tho valuo of 7 is 1 in a crosa-sectional study, and tho valuo is zoro
for & longitudinal study. Thus the two differont approaches refer to two oxtrome
values of 7. Is thoro an optimum value of 7 which gives the maximum procision to
the estimates of norms 1

To i igate this problem, we puto the vari of the cstimate of tho
norm at any age for a choson valuo of 7, which is found to bo
ot 1—mpt
P e (81)
whero p is the tation bet the at the two ages and o3 is the
varianco of tho measuroments at any age. Wo thon find the best valuo of m for which
tho estimated norms have the least variance or i procisi By minimising
the expression (5.1) for varianco, we find the optimum choice of 7 ns
g (5.2)

indicating that the best plan is to havo a certain proportion of individuals common for
measurement at both tho ages. Tho optimum valuo of tho proportion of individuals,
on whom only ano measurement is to be taken, is given in Table 5.1 for differont values
of p. Wo find that for the valucs of p upto 0.60, tho number of individuals to bo
measured twico should Lo about 50 por cent of the individuals supplying measurements
at any ago; for higher valuos of p the optimum proportion of individunls supplying
measurements at Loth ages becomes less, being of tho ordor 40 per cent for p betweon
0.60 and 0.84, 30 por cent for p between 0.84 and 0.95 and 20 por cont for p botweon
0.05 and 0.88.

In our peesent atudy, tho computed Intions bot ive ages aro
greater than 0.95 (sco Table 3.7) suggesting that tho otpimum proportion of individuals
to bo moasured twico is about 25 per cent for dotermining physieal norms.

Growih yales. 1ot ua supposo that our primary intorcst is not in determining
norms but growth tates at difforent poriods. Tho growth rate depends on the dif-
feronco botweon tho norma of two muccessive yoars, so that wo need to colloot the
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TABLE 5.1, OPTDUM VALUE OF 7 FOR GIV ¢ FOR ESTIMATING
NOKMS, AXD TIHE ASSOUCIATED PRECISIONS OF NORM AXD
GROWTH RATE ESTIMATES

procision of ™
optinmn —————_ preciuion fur
nonn growth rlg  growth mto
[} 1.00 3.000 2,00
.1 0.997 1.895 1.50
.2 0.0m 1. 780 1.8y
3 0.077 [ 1.3
Rl 0.038 L5617 1.0
.8 0.033 1.360 L.ow
.0 0.550 .60 .20
7 U.583 0.857
15 v.002 0.6l
K0 v.625 0.800
82 0.630 ¢.786
Rl 0.643 .70
.86 0.602 0.753
.88 0.073 0.737
S0 0.690 0.718 0.535 0.20
Ryl 0.507 0.707 0.53¢ 0.18
.92 0.718 0.690 0.505 0.18
.03 0.731 0.08¢ 0.4%2 0.14
O 0.748 0.071 0.438 0.12
05 0.762 0.650 0.401 0.10
.00 0.781 0.640 0.302 0.08
07 0.804 0.621 0.320 0.u0
0¥ 0.834 0.590 0.273 .04
00 0.873 0.671 0.210 0.02

observations in such a way that tho difforonco botween tho norms of two successive
years is estimablo with maximum precision. For givon 7 and p, tho vurianco of tho
ostimated differenco is

20 1—p.

o Ln e (63)

Tho oxpression (5.3) attaing the minimum value of 20%1—p)/n when # = 0, i.o., whon

all the individuals aro l at two ivo aged.

Tho optimum values of 7 for tho estimation of norms and growih rates aro
somewhat conflicting and the choico.of #, thorofore, depends on the purpuso of tho
study, i.0., on tho desired volative prooisions for tho ostimates of norms and growth
rates.
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Differential growth rafe. Suppose that wo aro interested in cstimating the
differential rato of growth, i.e. the dilference in growth during successive years. Con-
sidor tho two alternativo schomes.

{a) Each of n individuals is d at threo ive ngos (sny at ¢, 7
and 8).

(b) A batch of n individuals i monsured at tho two succossive agos of 6
and 7 and another bateh of n individuals i3 measnred at tho two successivo ages
of 7 and 8.

Although tho actual number of moasuromonta in the sccond schomo is somewhat
largo, the poriod of survoy ia restricted to only one year, instead of two ycara as in
the first schomo.

Lot py, p; bo the corrolations botweon measuroments with one yeat and two-
year intervals respoctively.  Tho procision of tho estimate of differonce in growth rates
Letweon ‘6 and 7’ and ‘7 and 8", for tho first schemo is

1!
,L, (=P )2—=2p1+py) e (54)
ond that for tho sccond schomo is

402
—:— (3—py). o (B.8)

Tho first schomo is better than tho socond iff
2-2m+py <1 or 2p,> l+p, - (5.6)

which is not true for tho values of p,, py obsorved in our study {sce Table 3.7). Thus,
betseen tho two alternative schomes the sccond is hottor than tho ficst when the cor-
rolations aro as high as thoso obsorved in tho prosont study.

So it appears that tho optimum design for studying tho nornw, growth rates and
differontial growth should bo of an LCS (linked cross-soctional) typo. Tho optimum
proportions of individuals to bo measured once, twico and thrice, will depond on the
rolative precisions desired for tho cstimation of norms, growth rates and differontial
growth. In tho present survoy, we have not used optimum proportions in dotormining
tho numbors of individuals measured twico and thrico as tho basic parametors such as
the corrclations p, and p, wore unknown. Tho projoct was initiated to throw infor-
mation on futuro surveys and tho investigator was asked to contact as many individuals
as ho could for measuring twico and thrico. Whilo our estimates of norms and growth
rates would bo moro officiont than those Iting from a puroly cross-scctional study
involving tho same number of measuromonts at oach ago, bottor results could bo achivved
by suitably’ dotermining the proportions of individuals to bo measured twico, thrico,
and 80 on.
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Sinco tho estimation of nornis is of miain interest and somo data aro neoded to
1 ino tho lations for planning of officiont survoys we mako the following
recommiondations &

(i) Attempts should bo mado to measure some boya at threo consocutive
ages, i.0., ovor a perivd of two years.  Tho number of boys who aro repentedly moasured
should bo about 50 por cont of those nucasured only at one ago.

(ii) It is preferablo to havo neatly oqual numboers of monsuromonts ab cach
ago for given amount of expondituro on fiold work.

Phenomenon of catching wp. Tho fact noted abovo that the second schome is
better than tho firat for tho estimationof differential growth leads us to an interesting
phenomenon which may bo ealled ‘catching up'. Lot x;, x;,y 8nd x;,, ropresent tho
measuromonta of an individual 8t agos i, i+ and i 42 respectivoly, The covarianco
botweon tho growths z;,,—x; and x;,4—2;,, during successive years is o3 times

(2p—1-py) - BT

whero o9 is tho variance of nieasurements at any age, p, is the corrolation botweon
the ts at ages difforing by ono year and p, is tho correlation between the
measurements at ages differing by two years.

Tho second schomo is bottor when tho expression (5.7) is negative, ie., whea
the covarianco between growths in successive years is negativo. Using the values of
Py P2 Given in Tablo 3.7 it is scen that the valuo of (5.7) for height ia —0.0293 and that
for weight is—0.1014. Both tho covariances aro negative indicating a tendency for
poor growth in one year bring compensated by better growth mext yeur, which may
be deseribed as the ph of entching up.

6. CoxoLusiox

The following may be stated in support of an LCS study in preferenice to 4
longitudinal study :

1. A longitudinal study being spread over soveral yoars poses & number
uf organisational probloms and involves moro oxpense.  On the other hand, an LCS
study spread over & maximum period of 2 years is & more foasiblo projeot, less expensive
and pormits a moro carcfully-plannod collection of data.

2. An LCS study providea quick estimates of ngo-specific growth-rates which
are noarly s officiont na thoso provided by a longitudinal study, Other nspocts of growth
such as difforontial growth-rato avo ostimablo with greater efticioncy by LCS study
when tho growth-process oxhibits what wo eall the phenomenon of catching up
(a5 found in tho presont data) that is, poor growth in ono year being componsatod by
bettor growth in tho noxt yoar.
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3. It should bo mentioned that tho agoe-specific growth rates provided by LCS
and longitudinal studica may bo qualitatively differont, The former rofiocts the offcct
of factors aflccting growth at differont agea of individuals of a population at a specified
point (or short period) of time, whilo the latter provides information on factors which
havo affocted growth of individuals at difforent ages but at different periods of timo.
Both theso studies yield tho samo results if oxternal factors nffecting growth are rola-
tively stablo over a long poriod of tinmo, But in a rapidly doveloping country, esti-
mates provided by LCS study aro moro relovant in judging improvomont in standards
of living over short periods of timo.
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