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PHYSICAL GROWTH IN
INDIAN AFFLUENT
CHILDREN (BIRTH - 6 YEARS)

D.K. Agarwal
K.N. Agarwal

ABSTRACT

Growth characteristics, viz., height, weight and
circumferences of head, chest and mid-arm were
pleasured on urban affluent children from seven
centres (Bangalore, Calcutta, Delhi, Kota, Ludhi-
ana and Varanasi—Nutrition Foundation of India
study). On each age and sex point there were 200
observations except at 18 and 72 months. The
percentiles on pooled data were calculated by
smoothed cubic spline least square method. This
pooled data showed values lower than European
and NCHS (American) standards. Centrewise
comparison showed that Ludhiana children ap-
proached the latter. The differences in growth seem
to be possibly due to lower velocity in Indian
children of present study in the first 18 months
as compared to American children.
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The WHO(I) has recognized the need
for a growth chart which could be used
internationally particularly by primary health
care workers. Reference values for these
charts examined by the WHO group were
derived from data collected in Mexico,
Netherlands, Sweden, Switzerland, UK and
USA(2-5), in consultation with experts from
various parts of the world and field-tested
in 10 centres of different countries in 1974.
It was later decided that the WHO chart
should be based on data from the United
States National Child Health Examination
Survey(6) because they better fitted the
criteria required. When devising these charts
for international use, the WHO group re-
cognized that countries or regions might
eventually develop local standards, but the
reference values presented by WHO(1)
should be effective in the interim.

The objective of the present study was
to investigate the growth performance of
Indian children below six years of age, not
subject to any obvious socio-economic con-
straints that could be expected to impair
growth, only children (below six years)
belonging to the affluent population seg-
ments (urban) in these cities were selected.
The study was carried out in seven different
cities of India: Bangalore, Bombay, Calcut-
ta, Delhi, Kota, Ludhiana, and Varanasi.

Material and Methods

The study was carried out for two years
(1985-1987) as two different cohorts. Co-
hort-I consisted of infants from birth to one
year and Cohort-II included children from -
one to six years of age. The mixed longi-
tudinal study design was adopted and the
data were analysed on the basis of this
format.
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The two cohorts were simultaneously
selected. Cohort-I included infants at birth
+ 15 days up to three months of age and
followed at three monthly intervals till their
first birthday. Cohort-1I was of children from
12 to 72 months of age. Children could
enter in the study at any time but the
anthropometric readings of each child were
recorded at fixed age points, i.e., 12,18, 24,
30, 36, 42, 48, 54, 60, 66 and 72 months.
Four hundred eighteen boys and 332 girls
were thus included in Cohort-I. while 1011
boys and 874 girls were subjects for Cohort -
II. The registration for both cohorts was
contained for one full year and those chil-
dren who had minimum of three follow ups
at three consecutive time points alone were
included for data analysis.

In Table I a consolidated statement
indicating the number and percentage dis-
tribution of children from various centres
of both cohorts has been presented. The
distribution of registered children and num-
ber of observations at different age points
is given in Table I1.

Affluence in each family was identified
by the income level, life style (as directly
observed by the investigators), educational
status, occupational status and awareness
of basic principles of health, personal hy-
giene, sanitation and child rearing on the
part of parents.

For the selection of subjects of Cohort-
I, cooperation from Pediatricians and
Obstetricians of leading nursing homes and
private hospitals was obtained so that chil-
dren born in these hospitals could be re-
cruited for the study. Similarly, children for
Cohort-II were taken from nurseries and
private schools or private clinics.

Date of Birth: The exact date of birth
of each subject was confirmed and verified
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from parents and from birth certificates. In
case of doubt regarding the exact age, the
child was excluded from the study.

Anthropometric Measurements: Weight,
height/length, mid-arm circumference, head
circumference and chest circumference
measurements were taken for each subject
(in both the cohorts) in the study(7,8). The
investigators were centrally trained and tools
used were calibrated periodically.

Data Analysis: After combining the data
for two cohorts from seven centres, we have
analysed for percentiles (3rd, 5th, 10th, 25th,
50th, 75th, 90th, 95th and 97th) at different
age points according to sex for five para-
meters, viz., weight, height and circumfer-
ences of head, chest and midarm using cubic
spline method(9).

Estimation of Norms at Specified Ages:
The estimate of norms or population mean
values and their standard errors at specified
ages for growth parameters were obtained
from the mixed longitudinal series of
observations(10,11).

Velocity: Since the percentile curves show
only growth from one age point to another,
therefore to estimate the rate of growth
velocities were calculated. It was calculated
by simply taking increment between birth
to six months, 3 months to 9 months and
so on. This was done for each child sepa-
rately and for all the 5 parameters. After
calculating the velocity at two age intervals,
the velocity percentiles were also calculated
for each age interval.

Pooling of Data

Height: Before pooling data from six
centres, Bangalore, Calcutta, Delhi, Kota,
Ludhiana and Varanasi, the variation was
calculated from the 50th percentile of pooled
data which is under 3% for all the study
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TABLE IIl—Per cent Variation Between the 50th Percentile of Pooled Height Smooth Curve with
Different Centres According to Age

—

Age .
(mo) Ludhiana Calcutta Varanasi Delhi Kota
Bi B 0.238 1.548 1.945 0.238 -
G 0.458 1.333 2.128 0.934 -
3 B 0.067 1.078 1.584 2.594 -
G 0.338 1.523 1523 1.522 -
6 B 3.128 0.061 0.516 2.490 -
G 3.284 0.688 0.229 0.228 -
9 B 1.416 0.001 0.142 1.841 -
G 2342 - - . -
12 B 0.296 0.780 1.050 1086 -
G 0.395 1.102 1.510 1.646 -
18 B 0.831 0.719 0.397 0.719 2.269
G 0.226 0.351 0.100 3338 0.651
24 B 1.081 0.581 1.895 0.000 1314
G 0.024 0.012 1.047 0.035 0.670
30 B 0.155 0.486 2342 0.155 1.668
G 0.011 1.056 2.980 1.745 2.146
36 B 0.032 0.283 1.484 0.509 1.272
G 0.900 0.922 2.294 0.525 0.493
42 B 0.246 0.082 1.668 0.860 1.944
G 1.138 0.228 2.513 0.703 0.455
48 B 0.984 0.050 1.388 1.091 0.298
G 1.973 0431 1.622 0.862 1.071
54 B 0.974 0.231 1.002 1.494 0473
G 2.702 0.000 0.427 & 1001 0.427
60 B 1.724 0.038 1.349 1.677 1.087
G 2.349 1.443 ' 1.028 1.207 1.528
66 B 1.537 0.264 1.419 0.646 0.191
G 2213 . 2.259 2.591 1.527 0.301
72 B 1.197 0.079 1.796 0.000 0.960
G

0.813 2732 1.405 0.000 0.521

B=Boys; G=Girls, Bi=Birth.
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TABLE VI- Centrewise Mean™® and SE of Boys Height (cm) for Age Estimated from Mixed Longi-

tudinal Series

Age  Ludhiana Varanasi Calcutta Delhi Bangalore
Amo) Mean SE  Mean SE  Mean SE  Mean SE  Mean SE
Bi 50.5 0.1 493 0.2 50.0 0.1 49.9 0.2 51.5 0.6
3 59.2 0.2 60.4 03 60.1 0.2 60.5 0.2 60.9 0.5
63.3 0.1 65.8 03 66.0 0.1 66.5 03 66.0 0.7
9 69.4 0.1 70.4 0.2 70.4 0.1 71.2 0.2 70.9 0.6
12 74.0 0.1 74.7 0.2 75.0 0.1 75.4 03 74.9 0.6
18 80.5 0.2 80.2 0.4 84.4 0.2 81.1 0.6 79.4 1.0
24 85.0 02 84.7 0.4 87.7 0.1 86.1 0.6 85.7 0.7
30 90.5 02 89.4 03 915 0.3 911 0.5 90.7 0.5
36 94.6 0.2 929 0.5 94.5 04 95.1 0.5 94.2 0.4
42 98.5 0.2 96.5 0.4 975 0.4 98.0 0.4 97.9 0.4
48 1022 0.3 99.8 04 100.9 14 100.7 0.4 101.3 04
54 1053 03 1029 04 1041 04 1039 04 1046 0.4
60 108.8 03 106.3 0.4 107.1 0.4 107.6 0.5 107.5 04
66 1122 03 1089 0.5 110.1 02 110.1 0.5 110.1 03
72 1159 04 1121 0.7 112.7 109.7 0.6 — —

0.4

Bi=Birth; SE =Standard error.

* Means estimated at the specific ages using observations made at that age as well as at all preceding

ages and at the immediately succeeding age.

The observed velocity percentile for boys
and girls at different ages for 6 monthly
intervals are presented in Tables VIII and
IX. 1t appears that increments are higher in
the early age period (first 12 months) and
progressive deceleration was observed upto 6
years of age. The boys had marginally better
gains than the girls. The total gain (50th
percentile) in length/height (cm) from birth to
72 months was 63.2 and 62.8 cm for boys
and girls, respectively.

Weight

The weight percentile data are presented
in Table X and XL Boys have marginally
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higher weight by around 0.3 kg at all age
points except for birth weight.

The weight means with standard error (SE)
for age and sex for different centres are
given in Tables XII and XIII. The means
were similar for Bangalore, Calcutta, Delhi
and Varanasi for girls as well as boys. The
Ludhiana means were significantly higher
for girls as compared to other centres.

The weight velocity at 6 monthly interval in
percentiles is given in Table XIV and XV for
boys and girls, respectively. The total gain
(50th percentile) in weight (kg) from birth
to 72 months of age for boys and girls



£F

0L €9 €S 0y 8¢ ' I'g 87 §T VT 7T LT (A 0T w
8 TL 19 9% TY 6% 9°¢ 43 67 [ 7 1T T 60 S0 99
TL L9 6S 0SS LY  €¥ g€ I e LT $T 7T 91 €1 T 09
g9 €9 €5 9y vy Ty 8¢ '€ o> 67 LT T 07 " T ¥
L 9s 95 8¢ St €p eS¢ 57 3 6T LT ST 17 & Lo 8y
€8 L9 LS 6v 9r €p g€ 3 TE 87 §3 bT A 60 S0 T
€8 LL 69 09 LS €S LY v L't €€ TE 0 vz 07 9T 9
6 08 LL VL 89 p9 8s £ 6 'y 185 g€ A vz 0T 0f
¥6 v8 69 T9 65 LS £ 6y SY 0y ig v'E 8T vz 7T W
¥ T8 9L OL L9  §9 €9 0'9 8's §'s £s 6 b'E 87 9T 81
€61 SpT gL TIL LOT 1Ol S6 0'6 S8 6L SL 0L S's Ty e T
641  L9T TSI SE€L O0€L ST 9L . 801 IO §6 6 S8 69 €S £ 6
vz 97 01T €61 €81 81 €LT €91  SST 9yl 0¥l veEl LT 66 68 9

, (o)
W6 WISe W6 W08 WISL w0 W09 WS Wy WwoE WSz woz  wor  ws  pig 98y

oMU J

(shog) wo wr wdag] fo apuaxad (siuawaiuf oW 9) &190124-11A A19VL



VOLUME 31—APRIL 1994

INDIAN PEDIATRICS

gs 9% 0'S £ 0y  ¥E St T¢ 67 L't §T ¥T 1T 971 T1Tw
68 9L 95 vvr 0V  ®€ 9¢ TE 61 9T v 4 L1 01 90 99
I8 vL P9 6  9F  €F g€ SE T'e LT v'T Te &1 Tl Lo 09
99 09 TS 9% £ 'y L€ 5% (43 87 9¢ vT 81 TI 60 ¥
oL oL 09 TS gy <P Iy L€ £ 0€ 87 9T 54 €1 80 8
TL Y9 LS  6v  9v bY 0 L€ b'E TE 0¢ 9T (A4 61 ST W
LL oL 99 65 95 €S 9y ot 9€ B 67 §T 91 (4! 60 9
68 98 6L OL Y9 19 v's 8y $Pp Iy 8¢ 9¢ T'e §T T 0g
v6 L8 SL v9 09 8C ps 0§ 9 £p Ty LE L% T L1 W
g8 '8 69  t9 19 6§ LS £S 'S £ Iy 9€ L% £ i S
9ST  PPI TEL ST 601 PO L6 I'6 S8 6L SL 0L 6 0S Sy U
g1 T9l 6vT  TEL vu 611 T €01, 96 g8 £8 SL €9 149 6 6
LY Te TIT  T6l €81  LLL 89T 091 TSI OpI  vEl 8T TIL 86 s8¢ 9

(our)
W6 W6 W06 W08 WISL WL W09 WIS WIoP  WieE WIST w0z Wor wig pig 9By

a[uadIg

(sp10) wio w wySapr fo apuuanag (smuawanuy Syuop ) L190134-X1 ATAVL

387



GROWTH IN AFFLUENT PRESCHOOLERS

AGARWAL & AGARWAL

'sasayjuosed Ul UDAIR ale san[ea UBSN ‘YMIg=1g

vt 8L 1'ee T Loz (A\4 L6l Awmv L8l 18T 1’81 1’81 0Ll 851 €S T
LT £ 01z 661 g6l sl 9'81 meﬂv 9Ll oLl oLl 891 861 0st Syt 99
L) (A | K4 661 681 81 081 9Ll Qmw.ﬂ“ 991 9t 091 8'C1 6Pl 8 4 €T 09
£0T 861 681 6Ll vLT Vit L6l EN.__%— 8l €51 TSI 671 vl 9el TEl #§
g6l L'81 6L1 0L1 91 91 6°S1T ﬁwwﬂu 06T 9Pl a2} |8 48 Vel 67T1 §Tr 8y
€81 LL 69T 091 9°¢1 £ST m.v.ﬂ HW.MH .ﬂz 8l 9El PEl 871 €Tl 611 TP
TL 991 3y (Y} Ly 124! _m.‘.va WN gel el 6T1 LTl 44 911 £ 9t
091 a1 Lvl oyl Ll el Tel Am.wwv €Tl £el Tl 0zt a8 60T 901 Of
Lyl vl PEl 87l STl 44! 0e1 Amwv L1 £l (a1} T 901 001 86 ¥
Ttl 91 0TI STl £T1T 't 801 AMMMH §o1 ol 1ot 001 96 16 68 81
(Al 601 POt o1 86 L6 6 awm—v 6 68 88 L8 £8 08 gL T
10l 86 §'6 (4 68 88 98 HMMM £8 '8 08 6L 9L €L L 6
98 §8 8 08 gL LL £L WM L oL 69 89 €9 £9 9 9
L9 99 9 9 09 6'S g< _HM.WV ss 129 £¢ s 0¢ 6 8Y €
g 6¢ E€ 132 £e v'e TE HM Mu 0t 0e 0t 67T LT 9T §T 2 |

(ow)
Y6 W6 W6 W08  WIisL WL 9+« WS nor uiogE Wse oz ol e pig 28y

QulIIRg

sfog Jo (8y) mSray 4of apuaaizg—x ATAVL



VOLUME 31—-APRIL 1994

INDIAN PEDIATRICS

npg=rgq

£€VT 0T L'1e §0¢ £0T 00T £6l ﬁwmﬂ.v £81 081 LT SLT oLT £91 LST T
T'ee T'1e 90T 961 £6l 681 £81 ANMMV L 891 £91 191 ¢l 6Vl el 99
612 (Al 14 961 981 €81 gLl vLl M.mwd—.u 91 L'ST SeI T'ST Syl 6El PEL 09
9'0¢ €61 S8 LiL¥ £LT 691 91 MMWV P'S1 6%l 9¥I - £l 9¢l 0€l 9Tl €
¥'6tl 781 SLT L9t 791 091 961 Awww 9yl Tyl 6'¢l 9tl 6Tl £l 611 8F
081 VI ot L'ST LAY oSt gr1 AM‘MMV 6¢l .w"mH Ttl 6TL Tt L1l | 20 § S
L9t 091 £¢1 vl vyl 1Pl 6'El AMMMV Ttl 871 ¥l £T1 911 1l B0l 9t
(41! Y1 Tyl Stl £El 1€l alr AWMWV A | 0Tl 811 9TL 601 7ot 70l 0F
L'El £ET 6CI £l el 0TI 811 ”Mﬂv Il ﬁ.‘: 601 L0T o1 L6 v..m T
(Al 611 11 011 601 L'01 9201 WW“V 101 001 86 L6 1'6 88 98 81
ot £01 oot 96 <6 t'6 76 _“MMV 88 98 £'8 £8 08 Ll <L A"
96 7’6 16 88 L8 8 €8 MMWU 6L L'L oL, SL TL oL 89 6
e (41 6'L Lok 9L vL L NMW 8'9 99 <9 ¥9 £9 09 65 9
99 9 £9 09 6'S 85 9¢ AWMV £¢ S 4L 0s 6 '8 4 9v (94 €
6¢ 6t gt et v'e e TE AMM 0t “0¢€ 0t 6¢C LT €T €T "
) . (owr)
YiLe  His6 Y106 yiog YIsL 0L uip9 Yips 0oy yiog 0T iz ot yis pig ofy
amuadIag

spio fo (8y) wySrapy 4of apuuaaisg—Ix AT4V.L

389



AGARWAL & AGARWAL

GROWTH IN AFFLUENT PRESCHOOLERS

TABLE XII-Centrewise Mean and SE of Boys Weight (kg) for Age Estimated from Mixed Longitudinal

Series

Age Ludhiana Varanasi Calcutta Delhi Bangalore
(mo) Mean SE  Mean SE  Mean SE  Mean SE  Mean SE
Bi 315 0.03 3.14 0.04 315 0.04 3.26 0.08 3.05 0.10

3 5.75 0.05 5.74 0.08 5.62 0.06 6.23 0.08 5.88 0.13

6 6.72 0.05 7.17 0.07 7.17 0.07 7.64 0.10 7.29 0.23

9 8.21 0.04 837 0.09 8.37 0.07 8.82 0.10 8.46 0.27
12 9.57 0.04 9.40 0.10 9.38 0.13 9:79 0.13 9.15 0.23
18 10.87 0.08 10.56 0.18 11.27 007 1112 0.32 10.80 0.38
24 11.79 006  11.68 0.17 12.46 006 1257 0.30 12.15 038
30 12.89 0.06  12.88 0.15 12.54 0.19 13.16 020 12.80 0.19
36 13.89 007 1388 015 1366 0.19 1382 0.19 13.50 0.16
42 14.88 0.11 14.83 016 1454 017  14.65 016 1441 0.15
48 1603 011 1548 016 1558 016 1559 016 1514 - 017
54 17.00 0.11 16.47 0.16 16.63 019 1678 019 1597 0.18
60 18.04 0.15 17.60 0.17 17.70 020 17.73 020 17.09 0.20
66 18.96 0.13 18.94 022 1863 020 1917 026 17.78 0.18
72 19.85 0.16 2035 0.33 19.93 0.25 — - - —

centres are also given in Tables XXII and
XXIII. Ludhiana children show more gain
and remain higher as compared to other
centres. Chest overtook head circumference
by 11.4 and 12.0 months in boys and girls,
respectively. The earliest take over was
observed in Delhi children by 9.24 and 9.85
months for boys and girls, respectively
(Table XXII). At all age points upto 66
months the 50th percentile values for chest
circumference were higher in boys as com-
pared to girls, except for the value at 72
months where both boys and girls had sim-
ilar 50th percentile value. The increments
for chest circumference in case of boys were
higher, upto 36 months of age; thereafter,
the girls had marginally higher increments.

390

The total gain (median) in chest circumfer-
ence from birth to 72 months of age for
boys and girls was 23.3 and 23.0 cm, respec-
tively.

Midarm Circumference

The percentiles are presented in Tables
XXV and XXVI for boys and girls. The 50th
centile values for boys and girls were sim-
ilar; only marginal difference was noted at
3rd and 97th centiles. The means with SE
for various centres are presented in Tables
XXVII and XXVIII. The means were higher
for Ludhiana as compared to other centres.

In velocity, the maximum increment
appeared to be in the first 9 months of life
which was marginally higher for boys than
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TABLE XIII-Centrewise Mean and SE of Girls Weight (kg) for Age Estimated from Mixed

Longitudinal Series

Age Ludhiana Varanasi Calcutta Delhi Bangalore
(mo) Mean SE  Mean SE  Mean SE  Mean SE  Mean SE
Bi 311 0.03 3.16 0.05 3.12 0.04 3.15 0.06 3.09 0.15
3 5.45 0.07 5.53 0.10 5.51 0.06 5.86 0.07 5.46 0.11

6.30 0.06 6.97 0.08 7.18 0.07 7.31 0.10 6.80 0.12

7.61 0.05 8.13 0.09 8.26 0.07 8.48 0.11 7.86 0.15
12 391 0.06 215 0.12 920 0.07 9.43 0.11 8.85 0.19
18 10.63 0.08 1043 0.14  10.78 0.07 1111 0.42 9.60 0.35
24 11.68 0.08 11.30 015 1145 005 1213 039 1131 0.42
30 12.73 0.06 12.27 0.15 - 1220 0.16 12.82 0.21 11.94 0.29
36 13.79 007 1327 0.14 1347 020 1338 019 1299 0.22
42 14.84 009 1424 0.15 1461 019 1412 017 1352 0.18
48 15.94 010 1512 0.15 1552 0.21 15.32 0.19 1438 0.19
54 17.01 0.11 16.24 0.15  16.54 0.21 16.48 022 1534 0.21
60 17.99 0.14  17.02 017 1727 020 1761 026 1638 0.28
66 1892 0.18 18.08 016  17.66 013 1850 0.31 17.27 0.39
72 19.71 017 1894 023  18.69 0.14

Bi=Birth; <~ =Standard error.

girls. Thereafter, the increments were small
and similar upto 66 months of age (Tables
XXIX and XXX).

Discussion

Habicht et al. (12) stated that there are
small differences 3% for height and 6% for
weight in different ethnic groups with similar
socio-economic status. In contrast, the
varying socio-economic status can have
higher difference (12% for height and 30%
for weight). Therefore, these workers re-
commended that both genetic and ecologic
background as well as their mutual inter-
action be taken into account in the con-
struction of growth references. Similarly,

&

Goldstein and Tanner(13), Tanner(14) have
argued for local standards, which need to be
updated from time to time to account for
changing socio-economic level. The use of
western standards set unattainable goal and
overestimate degree of under nutrition among
children. The same could be avoid-. ed by
using local attainable as standards(15-19).
Vanloon et al.(20) working in 4 different
geographical areas showed that growth
curves had heterogeneity as well as the
values had varying differences as compared
to the NCHS standard for individual age
points. Presently in India, growth charts/
road to health cards/child health card/
weight for age charts in practice are
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GROWTH IN AFFLUENT PRESCHOOQOLERS

TABLE XVIII-Centrewise Mean and SE of Boys® Head Circumference in cm Estimated from Mixed

Longitudinal Series

Age Ludhiana Varanasi Calcutta Delhi Bangalore
(mo)} Mean SE Mean SE  Mean SE  Mean SE  Mean - SE
Bi 3433 0.16 34.40 0.11 3479 0.21 34.76 0.16 3440 0.46
3 39.38 0.11 40.11 0.15 40.10 010 3991 0.16  40.10 0.36
4217 0.08 42.49 0.11 42.67 0.07 43.06 0.15 4249 0.34
43.67 0.06 43.95 0.09 4453 006 4479 0.16 4420 0.39
12 44 .89 0.06 45.39 0.11 45.97 022 4586 016 4542 0.52
18 46.89 0.13 46.74 0.14 4832 008  47.16 0.74 4694 0.26
24 47.52 010 4748 0.13 4832 0.06 4843 019 4783 0.22
30 48.29 0.08 48.03 0.11 4835 013 4873 0.16 4843 0.18
36 49.02 0.08 4841 0.11 48.84 012 49.14 0.14 4869 0.22
42 49.78 0.08 48.77 0.11 49.10 0.11 49.43 0.11 48.84 0.13
48 50.45 0.08 4921 012 4936 0.11 49.93 012 4915 0.13
4 51.05 0.09 49.56 0.13 4953 0.10 5039 0.13 49.45 0.13
60 51.53 010  49.88 0.14 4977 0.10 5073 014 4977 0.15
66 52.40 0.12 50.08 015  49.83 0.10 5132 026 4999 0.16

* Means estimated at the specified ages using observatichs made at that age as well as at all previous

ages and at the immediately succeeding age.

basically derived from the growth charts
designed showing upper line NCHS 50th
centile of weight for boys, the lower line
being 3rd centile for girls.

The present study meets the WHO cri-
teria of selecting well nourished popula-
tion, based on well defined sampling crite-
ria in seven centres to cover various parts
of the country. The anthropometric scales
were similar and the staff was trained at
Varanasi (coordinating centre). The differ-
ence has come up in the sample design, the
present study is on cross linked design based
on the method suggested by Rao and
Rao(21). Thus, a well-nourished selected
child nearing its birthday or its portion (3"
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or 6th months) has been measured three
times in a period of two years of study. This is
an contrast to the selection of 200 children
cross-sectionally for each age and sex point.
However, as far as possible only one child has
been selected from a family unit. In the
present study, comparison of height data for
individual centre and for combined pooled
data of all the centres, the 50th centile at any
age point showed a maximum of 3% variation.
Thus, one is justified in presenting the growth
percentiles for the data by pooling the
observations from different regions of the
country.

In view of the variation as compared
to the NGHS and Europeans but proximity to
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TABLE XIX-Centrewise Mean and SE of Girls Head Circumference in cm Estimated from Mixed

Longitudinal Series

Ad Ludhiana Varanasi Calcutta Delhi Bangalore
{mo) Mean SE  Mean SE  Mean SE  Mean SE  Mean SE
Bi 34.54 008 3412 0.11 3473 0.09 3474 0.17 3459 0.26
38.93 013 3971 019 3998 0.10 3950 0.16 3897 0.24
6 41.76 0.14 4224 0.16  42.56 007 4226 0.13 4154 0.29
43.50 0.08 4367 013 4417 0.06 44.08 0.13  43.57 0.37
12 44.55 0.08 4496 0.11 4538 006 4522 011 4502 0.52
18 46.22 0.12 4629 0.17  46.79 026 4641 040  46.87 0.48
24 4713 011 4693 0.14 4758 006 47.00 020 4757 033
30 47.86 013 4739 039 4798 0.19 4824 0.21 47.39 0.30
36 48.72 0.10  47.69 0.12  48.03 0.16 4846 0.19 4754 0.19
42 49.44 013  48.02 0.1 4845 0.15  48.87 015 4791 0.15
48 50.43 0.11 48.31 0.14 4859 0.18 4943 017 4812 0.13
54 50.96 0.10  48.02 012  49.01 013 4984 0.17 4845 0.14
60 51.36 0.11 49.02 012  49.10 015  50.19 0.17 48.83 0.13
66 52.20 011 4930 0.14 49.19 0.19 5045 019 49.01 0.19

Asians, it would be more appropriate to use
the Indian growth data as reference instead of
the NCHS standard(22). This suggestion is
further strengthened by the data collected for
6 monthly increments (the height velocity).
As the velocity (increment) rate was lower
during the study age period as compared to
the increments reported-for American
children by Baumgartner(23). In contrast, it
can be argued that the differences observed
particularly in case of Ludhi-ana (approaching
close to the NCHS and other centres having
significantly lower values) may indicate: (a)
regional differences, (b) population having
secular trend; and (c) changing social
inputs.

The recent data from European coun-
tries show that boys in Netherlands, Den-

mark and Norway are taller than NCHS by
around 2!7 cm at 72 months of age. The
present Indian data remain lower by 2.5 cm at
this age point as compared to NCHS. The
height means for Indian, Hongkong and
Thailand children are very similar but lower
than the means observed for Chinese by 1.0
cm. The Japanese boy is shorter by 0.7 cm
as compared to Indian and other Asians
(Table XXXI).

The girls in Netherlands and Denmark
are taller by 3.7 and 2.6 cm, respectively as
compared to those from Spain and NCHS
data. Indian girls are short by 1.0 cm at 72
mo of age; however remained close to NCHS
during birth to 9 mo and 30 to 36 mo. The
Chinese girls are taller by 1.0-1.5 cm but
Japanese are short by 1.0 cm as compared
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TABLE XXII-Centrewise Mean and SE of Boys
Longitudinal Series

GROWTH IN AFFLUENT PRESCHOOLERS

Chest Circumference (em) Estimated from Mixed

Aisk Ludhiana Varanasi Calcutta Delhi Bangalore
(mo) Mean SE  Mean SE  Mean SE  Mean SE  Mean SE
Bi 3275 0.08 32.04 0.15 32.16 0.06 33.19 0.18 32.86 0.29
3 38.18 0.13 3842 0.21 3832 0.13 40.69 0.20 3930 0.44
6 41.18 0.11 41.23 0.16 41.47 0.10 4422 0.23 41.33 0.56
9 43.22 0.10 43.01 0.18 44.23 0.06 4698 0.22 43.67 0.59
12 45.04 0.08 45.22 0.53 45.75 0.06 4849 0.26 45.34 0.43
18 48.23 0.21 47.48 0.28 48.03 0.15 48.74 0.47 48.70 0.70
24 49.04 0.15 4875 025 5202 096  50.57 049  49.20 0.93
30 50.14 0.15 49.55 0.21 50.19 027 5122 042 49.45 0.42
36 51.26 0.10 50.54 0.20 50.99 0.25 52.14 0.32 49.90 0.18
42 5242 0.09 50.81 0.23 51.83 0.23 5262 0.26 51.03 0.24
48 53.46 0.08 51.46 0.19 52.56 022  53.68 0.29 51.55 0.22
54 54.11 0.07 52.19 0.20 5341 027 5421 0.29 52.21 0.22
60 55.18 0.10 5297 022 5476 031 5493 026  53.10 0.26
66 56.32 0.13 53.85 0.28 55.15 0.32 55.88 0.32 53.43 031

* Means estimated at the specified ages using observatign#made at that age as well as all previous

ages and at the immediately succeeding age.

to the Indians (Table XXXI).

The 50th weight centiie for boys upto
6 mo approached around 30-40th centiie
and between 20-30th centiie for age 9-72
mo as compared to NCHS standards. For
girls, the 50th centiie of the present study is
near 40-50th centiie upto 6 mo and thereafter
between 30-40th centiie of NCHS standards.
The European boys and girls from Norway,
Poland, Netherland, Denmark and Italy
weigh significantly higher than those in
NCHS data. Similar weight means are
observed for Asian boys and girls. Indians
are lighter by 1.5 kg and 0.6-0.9 kg for boys
and girls, respectively as compared to the
NCHS data (Table XXXII).

400

The comparative data for head and chest
circumferences in Table XXXIII show that
both parameters are smaller, in Indian
children.

The velocity for weight and head cir-
cumference as in case of height in early years
was lower in Indian children of the present
study as compared to the American
counterparts(23). The mid-arm circumference
values are lower than those for European
counterparts (Table XXXIV).

The height and weight data from Ludhi-ana,
Delhi, Calcutta and Varanasi show that growth
potential level observed in the
present study continues in later life (6-18
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TABLE XXII-Centrewise Mean and SE of Girls Chest Circumference (cm) Estimated from Mixed
Longitudinal Series

Ludhiana Varanasi Calcutta Delhi Bangalore

Age
(mo) Mean SE  Mean SE  Mean SE  Mean SE  Mean SE

Bi 3271 010 3166 013 3202 006 3328 020 3240 037
3 3764 016 3800 021 3835 013 4010 020 3815 030
6 4075 017 4087 018 4128 010 4316 021 4007 031
9 4299 015 4256 015 4385 007 4584 025 4241 043

12 4469 013 4444 016 4554 014 4745 022 4477 0S5

18 4739 014 4676 023 4707 018 4869 140 4803 101

24 4883 014 4735 024 4832 015 4960 097 4866 061

30 5003 015 4834 021 4977 021 5103 063 4875 045

36 5129 014 4936 022 5070 023 5125 040 4900  0.26

2 5248 013 4985 019 5183 024 5174 030 4968 022

48 5331 011 5047 021 5277 027 5321 034 5031 023

s4 5412 008 5135 021 5369 028 5356 031 5134 025

60 5404 013 SL73 023 5452 030 5426 032 5208 033

66 5632 017 5251 024 5509 021 5526 053 5272 040

* Means estimated at the specified ages using observations made at that age as well as all previous
ages and at the immediately succeeding age.

yr of age)(36). Thus, it could be said that
growth level attainable in India be used on
pooled data or on regional basis to avoid
overestimates of undernutrition. The need
for continuous efforts to collect data for
growth parameters on longitudinal (in
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TABLE XXVII-Centrewise Mean and SE of Boys Midamm Circumference (em) Estimated from Mixed
Longitudinal Series

Age Ludhiana Varanasi Calcutta Delhi Bangalore

(mo) Mean SE  Mean SE  Mean SE  Mean SE  Mean SE

Bi 9.89 0.10 10.02 0.07 9.96 0.05 998 0.08 10.19 020

10.79 0.08 12.12 0.12 12.45 0.05 12,99 0.13 12.82 0.27

11.53 0.08 13.36 0.11 13.96 0.03 14.46 0.11 13.62 0.31
9 12.49 0.08 14.10 0.13 15.08 0.03 15.16 0.11 14.31 0.32
12 13.69 0.07 14.40 0.14 15.46 0.03 15.70 0.13 14.84 0.35
18 1427 0.11 1493 0.17 14.33 0.05 151 0.29 15.30 0.29
24 14.71 0.09 15.12 0.14 15.29 0.15 15.38 0.24 15.29 0.29
30 1521 0.03 15.49 011 . 1497 0.16 15.55 0.21 15.19 0.16
36 15.85 0.09 15.68 0.11 15.26 0.1t 15.63 0.15 1528 0.08
42 16.28 0.08 15.83 0.12 15.44 0.10 15.89 0.13 15.50 0.07
48 16.57 0.08 15.84 0.11 15.60 0.09 16.51 0.12 15.80 0.09
54 16.85 0.07 16.04 0.11 15.90 0.11 16.83 0.12 16.03 0.09
60 17.41 0.07 16.07 022 1616 0.12 17.14 0.13 16.27 0.12

TABLE XXVIII-Centrewise Mean and SE of Girls Midarm Circumference (em) Estimated from Mixed
Longitudinal Series

Age Ludhiana Varanasi Calcutta + Dethi Bangalore

(mo) Mean SE  Mean SE  Mean. SE  Mean SE Mean - SE

Bi 9.70 0.07 10.01 0.08 9.89 006  10.12 0.08 1027 0.30
3 10.56 0.08 1158 . 013 12.35 006  12.80 0.13 12.26 0.15
6 11.17 0.08 12.97 0.13  13.89 003 1403 0.13 1331 0.18
9 11.93 007 1377 0.14 1486 . 005 1485 014 1397 0.21
12 12.93 0.08 14.20 0.15 15.22 0.03 15.49 0.15 14.55 0.21
18 14.03 0.14 14.86 012 1427 005 1496 0.74 1491 0.36
24 14.63 0.10 15.08 0.11 14.70 006 1553 039 15.11 0.46
30 15.26 0.09 15.29 0.12 15.24 012 1568 022 15.05 033
36 15.76 0.09 1563 0.11 15.42 0.12 1528 022 1509 0.17
42 16.12 007 1586 009 1568 012 1587 0.14 15.28 0.12
48 16.51 0.09 16.09 0.10 1590 0.13 1657 0.15 1567 0.11
54 16.63 007 1629 0.10  16.89 012 1679 0.14 1595 0.12
60 17.88 007 1642 010 1626 013 1705 015 1615 0.15
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