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Background: There is minimal information about the association
of head growth at different stages of childhood with cognitive
ability.

Objective: To determine the relationship of newborn head size
and head growth during infancy, childhood and adolescence with
attained education, a proxy for cognitive ability.

Study design: Prospective birth cohort study.

Setting: Married women living in South Delhi between 1969 and
1973.

Participants: The New Delhi Birth Cohort study followed up 8030
newborns born in 1969-1973 with head circumference, weight
and height measurements at birth and 6-12 monthly until
adulthood. Of these, 1526 men and women were followed up at
the age of 26-32 years.

Outcomes: Association between years of schooling, as an
indicator of cognitive ability, and newborn head circumference
and conditional measures of head growth during infancy,

childhood and adolescence.

Results: In unadjusted analyses, newborn head size was
positively associated with years of education [(8 (95% CI1)=0.30
(0.14 to 0.47) years per SD head circumference], as was head
growth from birth to 6 months [ (95% Cl1)=0.44 (0.28 to 0.60)
years per SD conditional head growth], 6 months to 2 years [
(95% CI)=0.31 (0.15 to 0.47) years per SD conditional head
growth] and 2 to 11 years [3 (95% CI)=0.20 (0.03 to 0.36) years
per SD conditional head growth]. There were similar findings for
height and body mass index (BMI). In the adjusted model
containing all growth measures, gestational age, and socio-
economic status (SES) at birth as predictors, only SES was
positively associated with educational attainment.

Conclusion: Educational attainment in this population is
positively associated with socioeconomic status and its influence
on inter-related early life (fetal, infant and childhood) factors like
nutritional status and brain growth.

Keywords: New Delhi birth cohort, Head -circumference,
Educational attainment, Cognitive development.

ead circumference during fetal life and
childhood correlateswith brainsizeand brain
weight [1]. Moreover, it has been shown that
head circumference correlateswithtotal brain
volumein pre-puberta children[2-4]. Head circum-ference
isapproximately 65% of adult valuesat birthand 94%at 5
years[5], whilethe equivalent valuesfor brain volumeare
36% and >95%, respectively [6,7]. Popu-lation based
studies and some cross-sectional studies have shown that
both head circumference and brain volumein children and
young adult correlatewith cognitive ability [3,4,7-15].

Findingssuggest that infant brain growth may bemore
critical for cognitiveability than fetd or later childhood brain
growth [16]. It is not clear whether only head growth, or
overall nutrition predicts cognitive function. Large
European studies [10,15] have shown that the head
circumferenceat birth and at 5-years of agewere positively
associated with later cognitive scores, independent of
concurrent weight and height.

INDIAN PEDIATRICS

Published online: September 04, 2021; PIl: S097475591600366

We used the conditional anaysis method to
investigate associations of head size at birth and head
growth during specific periods in infancy and childhood
with educational attainment, asaproxy for cognitiveability,
intheNew Delhi Birth Cohort [18].

Invited Commentary: Pages 11-12.

METHODS

During 1969-73, 20755 married womenlivingin South Delhi
wererecruited, of whom 9169 became pregnant, resultingin
8030 singleton live newborns, forming the New Delhi Birth
Cohort [18]. Theenrolled women werefollowed up every
two months. The exact gestational age, occipito-frontal
head circumference, weight and length of thebabiesbornto
themwererecorded within 72 hoursof birth, and at ages 3, 6,
9 and 12 months, and 6-12 monthly thereafter until age21
years. Head circumference was measured using steel
measuring tapesto the nearest 0.1 cm. Height and weight
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weremeasured using standardized procedures. Follow-up
was interrupted between 1980 and 1983 due to a lack of
funding, and removal of unauthorized housing, which led
to a large drop in cohort numbers [18]. Socioeconomic
indicators (both parents' education, household size, type
of housing, household income, toilet facilities, drinking
water source and use of health facilities) were collected
during pregnancy or within 3 months post-delivery.

Between 1999-2002, 2584 men and women, then aged
26-32 years, wereretraced and 1526 participated in astudy
of cardio-metabolic risk markersin relation to early life
growth [18].Participants educational attainment was
recorded in seven categories from no schooling to a
professional qualification. Paternal occupation at thetime
of the cohort member’ shirth wasrecorded at thisfollow-up.
Head circumference, height and weight werere-measured.

Satistical analysis. We converted head circumference
measurements (Suppl. Tablel) to SD scoresusing Royston
method [19], based on a cubic spline fit to the head
measurements and assuming the head measurements are
symmetrical at the defined ages, and used linear
interpolation to estimate head circumference SD scoresat
the exact ages of 6 months, 2 yearsand 11 years, provided
that genuine measurementswere madewithin 6 months, 1
year and 2 years, respectively. The 6-month measurements
weremadein 98% within 2 weeksof that age, 80% of 2-year
measurementswere madewithin onemonth, and 76% of 11-
year measurementswere made within 6 months. We back-
transformed the SD scores to provide estimates of head
circumference at these ages in cm. We followed similar
proceduresfor height and body massindex (BMI). Theages
chosen defineclinically important stagesof human growth:
newborn size asasummary of fetal growth; six monthsas
the end of predominant breast-feeding; two years as the
end of infancy, completion of weaning and growth
hormone becoming the main endocrine regulator of
growth; eleven years as the approximate end of pre-
pubertal growth; and young adulthood reflecting the
completion of adolescent growth.

We caculated sex-specific conditional growth
variablesfor head circumference, height and BMI. These
arethe standardized residual sresulting from regression of
the SD scorefor the body measurement at aparticular age
on the SD scores for the same measurement at preceding
ages[9,20]. For example, conditional head growth from 6
months to 2 years is the standardized residual from the
regression of head SD score at 2 yearson the SD scoresfor
head size at birth and 6 months. These growth measures,
whichwerecalculated for birth-6m (early infancy), 6 month
to 2 year (lateinfancy), 2-11 year (childhood) and 11 year-
adult (adol escence) are, by construction, uncorrelated, and
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represent growth during specific age periods, independent
of earlier growth. Further detailsabout conditional growth
variablesare provided as Supplementary Methods.

Educational attainment was converted fromtheoriginal
seven categories into years of education, from none (0
years) to a professiona qualification (17 years).
Saocioeconomic status (SES) is apotential confounder of
the association between childhood growth and
educational attainment. We created acombined measure of
SESat birth by standardizing theindividual variablesand
deriving thefirst principal component.

Using all recorded measurements, we used multiple
imputation to generate values for missing entries of head
circumference, height and BMI at birth, 6 months, 2 years,
11 years and adulthood; and SES components and
gestational ageat birth.

The association between growth and educational
attainment was assessed initially by unadjusted univariate
analysis, followed by multiple models of multivariate
regression analysis, taking head circumference, height and
BMI separately (Model 1), and thenin combination (M odel
2). Weadjusted for gestational age and the combined SES
variable(Modd 3) and finally, replaced the combined SES
variable with its individual components (Model 4). We
report pooled analyses, adjusted for sex. We present the
multipleimputation-based resultsfor thefull study sample
(all who had educational attainment ascertained in young
adulthood, N=1526), while the results from the complete
case analysis(participantswith compl ete growth, SESand
gestational age data, N=558) are shown in supplementary
meateria.

To check the representativeness of our sample, we
used i ndependent sampl e t-teststo compare newborn and
infant measurements between those studied as adultsand
included inthisanalysisand the remainder of theoriginal
cohort, and (among those studied as adults) between those
with compl ete growth, SES, and education data(compl ete
case sample) and the remainder. Analyseswere conducted
using SPSSversion 20 and STATA version 14.

RESULTS

Tablel showsthe cohort’schildhood head circumference,
height, weight and educational attainment and Table |1
showstheir SES data. Eighty-four percent of the men and
92% of the women were educated to secondary school
level or abovewhile 52% of men and 64% of women were
graduates. Compared with the remainder of the original
cohort, participants studied as adultswere longer at birth,
and shorter and lighter at age 11 years, but these
differencesweresmall [birthlength (95% Cl) 0.15 (0.02to
0.28) cm; 11-year height (95%Cl) 0.77(0.29t0 1.24) cm; 11-
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Table | Anthropometry and Educational Attainment of the Cohort Members, at Birth, Childhood and At Adult Follow-up

(N=2084)
Parameters Full sample, n=1526 Complete case sample, n=558
Male Female Male Female
(n=886) (n=640) (n=322) (n=236)

n mean (D) n mean (D) n mean (D) n mean (D)
Atbirth
Gestational age (weeks) 791  38.7(2.6) 588  39.1(2.5) 322 387 (24) 236 39.2 (2.3)
Head circumference(cm) 851 337 (1.3 612 332(1L1) 322 337(L3) 236 332 (1.0
Height (cm) 820 48.6(2.1) 590 48.1(1.9) 322 486 (2.1) 236 483 (1.9)
Weight (kg) 834 29(04) 592  2.8(0.4) 322 28(04) 236 2.7 (0.4)
Body massindex (kg/m?) 820 120 (1.2 590 119(1.2) 322 121(13) 236 11.8(1.2)
At 6 months
Head circumference (cm) 869 421(1.2 629  40.9(1.2) 322  421(1.2) 236 410 (1.0
Height (cm) 836 653 (24) 613  63.7(2.4) 322  65.3(24) 236  63.6 (2.1)
Weight (kg) 836 7.0 (0.9 613 6.4 (0.9) 322 7.1(0.8) 236 6.3 (0.8)
Body massindex (kg/m?) 836 16.4 (1.6) 613  15.7(1.6) 322 16.5(1.6) 236  15.7 (1.5)
At2years
Head circumference (cm) 838 46.9(1.3) 606 457 (1.2) 322  46.8(1.3) 236 457 (1.2)
Height (cm) 840 81.1(3.6) 609  79.6(3.6) 322 80.9(34) 236 794 (3.4)
Weight (kg) 834  10.3(1.3) 609 9.8(1.2 322 10.3(1.2) 236 9.7 (1.2
Body massindex (kg/m?) 833 158(1.2) 604 154 (1.2) 322 158(1.2) 236 153 (1.2
At 1l years
Head circumference (cm) 832 521(1.4) 603 52.2(15) 322 521(1.4) 236 521 (15
Height (cm) 831 1359(5.7) 607  134.2(7.4) 322  135.4(5.6) 236  134.0(6.9)
Weight (kg) 834  284(4.7) 608  27.6 (5.4) 322 279(41) 236 273 (5.2
Body massindex (kg/m?) 830 15.3(1.7) 606  15.2(1.8) 322 15.2(15) 236  15.1 (1.7)
Adult
Head circumference (cm) 884  56.6 (1.8) 640 53.8 (1.7) 322 56.6 (1.7) 236 538 (1.7)
Height (cm) 886  169.7 (6.4) 638 1549 (5.7) 322  169.7(6.2) 236 1545 (4.9)
Weight (kg) 886  71.8(14.0) 640  59.2(13.4) 322 715(14.0) 236 582 (12.9)
Body massindex (kg/m?) 886  24.9(4.3) 638 246 (5.1) 322 247(4.2) 236 243 (5.1)
Yearsof education (n %) 886 638 322 236
No education (0y) 10 (1.1) 10(1.6) 1(0.3) 1(0.4)
Primary school (3y) 29(3.3) 14 (2.2) 14 (4.3) 5(2.1)
Middleschool (8y) 99 (11.2) 25(3.9) 32(9.9) 8(3.4)
Secondary school (12y) 150 (16.9) 82 (12.8) 46 (14.3) 36 (15.3)
Secondary school +(13.5y) 138 (15.5) 99 (15.5) 59 (18.3) 34 (14.4)
Graduate (15y) 354 (40.0) 312 (48.8) 135(41.9) 121 (51.3)
Professional (17y) 106 (12.0) 98(15.3) 35 (11.0) 31 (13.1)

The‘ complete case analysis' (N=558) included participants with no missing data. They had all 15 body measurements recorded from birth to young
adulthood, plusall 10 early life socio-economic status variables, plus gestational age at birth. The ‘full sample’ (N=1,526) refersto all participants
whose educational attainment was recorded in young adulthood during phase 5 of the New Delhi Birth Cohort follow-up, but were missing one or

more of the above 26 variables.

year BMI (95%Cl) 0.21(0.07t00.34) kg/m?] (Supp. Tablel ).
Compared with the remainder of those studied asadults, the
complete casesamplehad alower BMI at age 11 years(0.22
kg/m?2, 95% Cl 0.03 to 0.40) but there were no significant
differencesfor the other measurements.

In the unadjusted model, head size at birth and head
growth at 0-6 month, 6 month—2 year and 2-11 year were
positively associated with years of attained education

INDIAN PEDIATRICS

(Model 1inFig. 1(a), Tablelll and Supp.Tablelll).The
strongest association waswith head growth frombirth to 6
month; one SD increasein head growth between birthand
6 months was associated with a 0.44 year increase in
education. Thereweresimilar findingsfor height and BMI.
There was a significant interaction of birth head
circumferencewith head growth from birth to 6 monthsin
relation to educational attainment (P=0.02). The positive
association of 0-6 months conditional head growth with
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Tablell Socioeconomic Characteristicsof Cohort Membersat Birth (N=2084)

Variables Full sample Completecasesample Correlation?
(n=1526) (n=558)

Maternal education (y), n=1366 0.78

lliterate (Oy) 386(28.3) 178(31.9)

Completed primary school (3y) 264(19.3) 105(18.8)

Completed middle school (7y) 236(17.3) 114(20.4)

Matriculation (10y) 293(21.4) 120(21.5)

College(12y) 187(13.7) 41(7.3)

Type of housing, n=1055 0.47

Thatched hut (rented) 5(0.5) 0(0)

Thatched hut (owned) 4(0.4) 1(0.2)

Masonry build (rented) 135(12.8) 58(10.4)

Masonry build (owned) 539(51.1) 283(50.7)

Flat (rented) 175(16.6) 105(18.8)

Flat (owned) 165(15.6) 94(16.8)

Bungal ow (rented) 8(0.8) 5(0.9)

Bungal ow (owned) 24(2.2) 12(2.2)

Household income (INR)2, n=1056 690 (459, 1200) 696 (456,1200) 0.79

Father’soccupation, n=1504 0.28

Unemployed 3(0.2)

Unskilled manual labor 28(1.9) 11(2.0)

Semi-skilled manual labor 161(10.7) 62(11.1)

Skilled manual |abor 328(21.8) 124(22.2)

Clerica 741 (49.3) 286 (51.3)

Professional or running alarge business 243(16.2) 75(13.4)

Health service usage?, n=1057 1057 (69.3) 0.59

No/low health servicesuse 336(31.8) 163(29.2)

Intermediateuse 366 (34.6) 201(36.0)

Highest use 355(33.6) 194 (34.8)

Sanitation, n=1057 0.63

No household toilet 179(16.9) 66 (11.8)

Non-flush toilet 495 (46.9) 275(49.3)

Flush toilet 383(36.2) 217(38.9)

Water supply, n=1057 0.60

No piped water 124 (11.7) 54(9.7)

Shared piped water 540 (51.1) 277 (49.6)

Sole use piped water 393(37.2) 227(40.7)

Crowdingindex (people/room),2 n=1055 4(3,6) 4(3,5.5) -0.72

Child dependency,? n=1057 1.0(0.7,2.0) 1.0(0.6,1.6) -0.56

Paternal yearsof schooling, n=1430

Iliterate (Oy) 123(8.6) 2(0.9)

Completed primary school (3y) 132(9.2) 19(3.4)

Completed middle school (8y) 211(14.8) 40(7.2) 0.31

High school certificate (12y) 404 (28.3) 82(14.7)

High school+ (13.5y) 155(10.8) 93(16.7)

Graduate (15y) 280(19.6) 256 (45.9)

Professional degree(17y) 125(8.7) 66 (11.7)

Data presented no. (%) or 2median (IQR). °Combination score of any health-promotion or preventative health service utilization during the
antenatal and postnatal period (e.g. antenatal care, child immunization). The ‘complete case analysis (N=558) included participants with
no missing data. They had all 15 body measurements recorded from birth to young adulthood, plus all 10 early life socioeconomic status
variables, plus gestational age at birth. The ‘full sample’ (N=1526) refers to all participants whose educational attainment was recorded in
young adulthood during phase 5 of the New Delhi Birth Cohort follow-up, but were missing one or more of the above 26 variables. Crowding
index (-0.72),child dependency (-0.56) and paternal years of schooling (0.31). Correlation of various variables with socioeconomic status
score; maternal education (0.78), type of housing (0.47), household income (0.79), water supply (0.60).
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Footnote: Model 1: Head circumference (a), height (b) or BMI (c) separately;
Model 2: Head circumference, height and BMI included together in the model;
Model 3: Additionally adjusted for gestational ageand the combined SESvariable;
Model 4: Replacing the combined SES variable with its individual components.
Associationsare statistically significant wherethe confidenceintervalsexcludeO.

Fig. 1 Change in years of attained education per SD changein
head circumference, height and body mass index at birth, and
conditional growth in head circumference, height and BMI
during infancy, childhood and adol escence.
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attained education was significant in all four quartiles of
birth head circumference, but stronger in the smallest
guartile at birth (8=0.875 years of education per SD 0-6
month head growth, P<0.001) compared with the2nd, 3rd
and4th quartiles(5=0.467, P=0.002; 3=0.464, P=0.02; and
=0.328, P=0.04, respectively).

The positive associations of head size were not
significant after adjusting for height and BMI (Mode 2). In
thisjoint model, height growth 0-6 month and 6 month—2
year, and BMI gain 6 month-2 year remained positively
associated with attained education. Gestational age was
unrelated to educational attainment, while higher SES (the
first principle component and individual components) was
strongly positively associated with both educational
attainment and childhood growth (Model 3, Supp. TablesIV
and V). After adjusting for gestational ageand SES (models
3 and 4) there were no associations with childhood head,
height or BMI growth. Model 4 had abetter overal fit than
Model 3. The body size/growth measurements explained
approximately 8% of thevariability in attained education
and SESafurther 16%. Similar resultswereobtainedinthe
completecasesample(Supp. Tablel 1) except for apositive
association of BMI gain from 6 month to 2 year with
educational attainment.

DISCUSSION

Newborn head size and head growth up to 11 yearswere
positively associated with years of education, which we
used as a proxy for cognitive ability. The strongest
associationswerewith early head growth (birthto 2 years).
Height growth up to 2 years, and BMI at birth and BMI
gain from 6 month-2 year were also positively associated
with educational attainment. Theassociationsof head size
and growth with attained education were not significant
after adjusting for height and BMI during the same age
intervals. None of the associations of body size with
educational attainment were significant after further
adjustment for SES at birth, whichwas strongly positively
related to attained education.

The positive association between newborn head
circumference and attained education is consistent with
previous literature. While some studies have shown
positive associations between head circumferenceat birth
and later cognitive ability, assessed by psychometric
testing or achieved education [9-15], others found no
association [13-15]. Similar to our results, other studies
showing positive effectshave al so reported modest effects
of head circumference on cognitive scores[9,12]. Wefound
that the association was not significant after adjusting for
newborn length and BMI, suggesting that overall prenatal
growth, rather than specifically braingrowth, wasrelated to
later educational attainment. Though many previous
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Tablelll Association of Head Circumference, Height and Body M ass|ndex at Birth and Growth During Childhood With Years

of Education

Predictor Modd 1: Unadjusted Model 4: Adjusted 2

(S:andar dized score) B (95% Cl) Pvalue B (95%Cl) Pvalue
Head circumference (cm)

Birth 0.30(0.14t0 0.46) <0.001 0.15(-0.05t0 0.34) 0.1
Birth-6 mo 0.44 (0.28t0 0.60) <0.001 0.14(-0.03t00.31) 0.1
6mo-2y 0.30(0.14t0 0.46) <0.001 0.03(-0.13t00.19) 0.6
2y-1ly 0.20(0.04t00.38) 0.01 0.03(-0.14t0 0.20) 0.7
11 y-adult 0.15(-0.02t00.33) 0.07 0.08(-0.10t0 0.26) 0.3
Height

Birth 0.31(0.14t00.48) <0.001 0.01(-0.18t0 0.20) 0.9
Birth-6 mo 0.49 (0.33t0 0.66) <0.001 0.00(-0.17t00.17) 0.9
6mo-2y 0.68(0.52t00.85) <0.001 0.11(-0.08t00.28) 0.2
2y-11y 0.24(0.08t0 0.40) 0.003 0.09 (-0.07 t0 0.24) 0.2
11 y-adult -0.01(-0.17t00.16) 0.9 0.10(-0.06 t0 0.25) 0.2
Body massindex

Birth 0.27 (0.09t0 0.44) 0.004 0.14(-0.04t00.33) 0.1
Birth-6m 0.44(0.27t00.62) <0.001 0.13(-0.04t00.30) 0.1
6m-2y 0.31(0.14t00.48) <0.001 -0.02 (-0.20t0 0.15) 0.8
2y-1ly 0.35(0.19t00.51) <0.001 -0.03(-0.18t00.13) 0.7
11y-adult 0.13(-0.04t00.29) 0.1 -0.00(-0.17t00.17) 0.9

R2 for model 1 for head circumference, height, and socioeconomic status were 0.5, 0.09 and 0.05, respectively. R? for model ! for
socoioeconomic status was 0.24. @Model 4 Adjusted for SES components and gestation.

studies have reported that, newborn head circumference
along with birthweight and length were positively related to
later cognitive performance [10-12], only one, a large
Swedish study [ 10] demonstrated that head circumference
remained a significant predictor, even after adjusting for
weight and length.

Our findings of the unadjusted analyses, showing
strong association with head growth between birth and 6
months are consistent with previous studies
[9,11,13,15,16]. The association of early infancy head
growth with educational attainment was stronger among
participants in the lowest quartile of birth head
circumference, possibly reflecting severe intrauterine
growth restriction followed by relatively favorable
conditions in infancy. We did not find any studies with
longitudinal follow-up measures of head growth through
adol escence, highlighting theimportance of theNew Delhi
cohort growth data. In our study, head growth after 11
years was not significantly related to attained education.
MRI studies have shown that brain volume peaks before
the onset of puberty, after which the correlation between
head circumference and brain size becomesweaker [2,7].

Inour study, infant and childhood head growth was not
related to attained education after adjustment for
concurrent height and BMI gain, which independently of
head growth, predicted higher attained education, thusre-

INDIAN PEDIATRICS

establishing the fact that good overall nutrition, freedom
fromillness, enabling exploration and play, areimportant
contributorsto neuro-development [22]. The 1970 UK hirth
cohort study found that head growth, independent of
weight and height, was associ ated with cognitive scores at
10 years [15]. Many studies have reported that infant
weight and length gain are positively related to later
cognitive scores[11,16,17]. A meta-analysis of datafrom
five cohorts from low- and middle-income countries
(LMICs) showed that height gain from birth to 2 yearsis
positively associated with attained schooling, a stronger
association than was found for later height gain, or for
weight gain during either period [22].

SES at birth was an independent predictor of attained
education inthisstudy, probably explained by itseffect on
multiple parameters including nutrition, exposure to
childhood illness, availability of playthings and learning
materials, quality of parental stimulation, and quality of
education[24,25]. SESisthuslikely to be both aconfounder
of the association between head size/growth and
education, and an ‘upstream’ factor determining head
growth and brain development.

The main strengths of the study were the frequent
longitudinal body measurementsfrom birth to adulthood,
and detailed early life SESindicators. A limitation wasthat
educational attainment, though frequently used in
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later cognition.

attainment in this population.

WHAT IS ALREADY KNOWN?

« Previous studies have shown positive associations of head circumference of newborns, infants and children with

WHAT THIS STUDY ADDS?

* Newborn head circumference and head growth in infancy, when adjusted for various parameters, do not have
any association with educational attainment. Socio-economic status is the only factor predicting educational

epidemiological studies, is a fairly crude measure of
cognitive ability. In high income countries, cognitive
function and years of education are strongly correlated
[21], but may belesssoin India, where accessto education
is influenced by family wealth and other socio-cultural
factors. Nevertheless, it constitutes a practical metric for
improving human capital in LMICs. Another limitation was
cohort attrition, resultinginafinal samplewhichwas19% of
theoriginal birth cohort. However, early lifehead sizewas
similar between theanalysissampleand theoriginal cohort.

In conclusion, higher socioeconomic status predicted
greater educational attainment in this urban Indian
population, possibly through its influence on overall
nutrition, somatic growth and other related factors. The
findings support measures to reduce socioeconomic
inequalities, promote maternal health and support infant
nutrition and nurturing, for optimal neurodevel opment.
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Supplementary Table I Head Circumference Centile Values in the New Delhi Birth Cohort

Centiles (cm)
Age
o)

3% 10% 25% 50% 75% 90% 97%

Males
0 31.37 32.10 32.85 33.68 34.50 35.25 35.98
0.25 36.86 37.63 38.41 39.28 40.14 40.92 41.69
0.5 39.69 40.48 41.27 42.16 43.04 43.84 44.63
1 42.12 4291 43.71 44.61 45.50 46.30 47.10
2 44.48 45.26 46.05 46.93 47.81 48.60 49.39
3 45.76 46.53 47.31 48.18 49.05 49.83 50.60
4 46.64 4741 48.19 49.06 49.92 50.70 51.47
5 47.39 48.16 48.95 49.83 50.70 51.49 52.27
6 48.00 48.80 49.61 50.51 51.41 52.22 53.02
7 48.48 49.30 50.14 51.06 51.98 52.82 53.64
8 48.89 49.71 50.55 51.47 52.40 53.24 54.06
9 49.15 49.99 50.83 51.77 52.79 53.55 54.39
10 49.29 50.15 51.02 51.99 52.96 53.83 54.69
11 49.37 50.27 51.18 52.19 53.20 54.11 55.00
12 49.48 50.41 51.36 52.41 53.46 54.40 55.33
13 49.70 50.66 51.62 52.70 53.78 54.75 55.71
14 50.08 51.04 52.02 53.10 54.19 55.17 56.13
15 50.56 51.52 52.49 53.57 54.65 55.62 56.58
16 51.05 52.00 52.97 54.03 55.10 56.06 57.01
17 51.50 52.44 53.40 54.46 55.52 56.47 57.41
18 51.88 52.82 53.77 54.83 55.88 56.83 57.77
19 52.16 53.11 54.07 55.14 56.20 57.12 58.14
20 52.40 53.41 52.36 53.31 54.26 55.11 55.96
21 50.64 51.49 52.34 52.40 54.25 55.11 55.95
26-33 50.55 51.49 52.44 53.49 54.54 55.49 56.43
34-39 50.96 51.97 53.00 54.14 55.28 56.31 57.32
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Table continued from pre page

Females

0 31.13 31.81 32.49 33.25 34.00 34.69 35.36
0.25 36.05 36.78 37.51 38.33 39.14 39.88 40.60
0.5 38.70 39.44 40.18 41.02 41.85 42.59 43.33
1 41.09 41.83 42.58 43.42 44.25 45.00 45.74

2 43.29 44.07 44.86 45,75 46.63 47.42 48.20

3 44,71 45.48 46.26 47.13 48.00 48.79 49.56

4 45.81 46.55 47.31 48.15 48.99 49.74 50.49

5 46.56 47.32 48.08 48.94 49.79 50.55 51.31

6 47.29 48.06 48.85 49.72 50.59 51.37 52.14

7 47.96 48.74 49.52 50.40 51.27 52.06 52.83

8 48.24 49.03 49.83 50.72 51.61 52.41 53.20

9 48.46 49.29 50.14 51.07 52.01 52.85 53.68
10 48.85 49.75 50.66 51.67 52.68 53.59 54.49
11 49.32 50.29 51.28 52.37 53.47 54.46 55.43
12 49.80 50.83 51.88 53.04 54.21 55.25 56.29
13 50.19 51.25 52.33 53.52 54.72 55.80 56.86
14 50.43 51.48 52.54 53.71 54.89 55.95 57.00
15 50.56 51.56 52.57 53.69 54.82 55.83 56.83
16 50.61 51.56 52.52 53.58 54.64 55.60 56.54
17 50.65 51.55 52.46 53.47 54.49 55.40 56.30
18 50.66 51.53 52.41 53.39 54.37 55.25 56.12
19 50.68 51.52 52.38 53.34 54.30 55.16 56.01
20 50.62 51.50 52.36 53.31 54.26 55.11 55.96
21 50.64 51.49 52.34 53.30 54.25 55.11 55.95
26-33 50.55 51.60 52.44 53.49 54.54 55.49 56.43
34-39 50.96 51.97 53.00 54.14 55.28 56.31 57.32

INDIAN PEDIATRICS VOLUME 59—JaNUARY 15, 2022



PANDEY, ETAL.

200 (0’0 01£0°0) 220 2000 (r£'0 01200120 9zZiT £eee (;w/Bx)xepul ssew Apog
TO #2'T 01 +¥T°0-) S50 200°0 (¥rZ2T0162°0) /L0 TEVT €eee (wo) wbeH
60 (9T'001ST°0-) TOO 800 (61°001TO0-) 60°0 GEVT Geee (wo) pesH

sual [ [ 23D I
€0 (02'00190°0-) 200 90 (90°0 010T°0-) 20°0- ¥2eT 068 (;w/Bx)xepul ssew Apog

20 (T9°001GT'0-) €20 20 (6£'00160°0-) STO 0T¥T 202s (wo) ybeH
90 (LT'0010T°0-) €00 20 (€T°'0 01 €0°0-) SO'0 i 00€S (wo) peaH

02 7 23D Jf

20 (500 01 £2°0-) TT°0- 500 (00'0- 01 6T°0-) OT0- 6EYT 0S0.L (;w/Bx)xepul ssew Apog
S0 (€€001/T°0-) 800 TO (S0'00192°0-) OT'0- YT GCT. (WwoybieH
¥0 (Z0'0 01 8T°0-) SO'0- Z0 (€00 012T°0-) SO0- 86VT S6¢. (wo)pesH

syjuout 9 230 /|

L0 (ST001TT0-) 200 Z0 (£0'0012T°0-) S0°0- /SYT €69 (;w/Bx)xepul ssew Apog
80 (0Z'001%2°0-) 20°0- 200 (20'0-0182°0-) ST O- /ST 0169 (woyybeH
60 (€ET'0012T°0-) TOO 900 (T0O'0 01 +T°0-) 20°0- €orT €0, (wo) sousBJLINOI D PesH

Yii1q Jy|
(856=N) 8se0 @ |dwo) A &seyd 1Npy A aseyd Hoyoo
(s1sAjeue aseo ap |dwoD-sseud 1npv'} (8seud 1npv-1oyoD euibl) ynpy ut | feuibuoayy
aneA (1D %S6) aneA (1D %S6) sjlequew |ulsegquew Jo | sueuodwod SIS pue so|gelien
-d W 10144900 UoIssaIfiay paisn [pe-epueD -d We10144900 UossaIfiay paisnipe-iepueD ol | Jeqwinu ol ymolb ‘yuiq e azs Apog

JOU PIP OYAM ISOY) PUE SAINSEIW JUIUWUIR)IE [BUONEINPI
pue SAS “9ZIS J0 13S [[NJ ) PeY 0YM IS0y (S)[NPe Se PIAIPNJs IsoY) SUOUWIE) UIIM)I( B)eP JUBJUI PUB WI0GAMIU Jo uosLiedwo)) (q pue $).10y0d [eUISLIO 3Y) JO JIPUTBUAI )
pue ApN)s JUILIND IY) Ul PIPNJIUI ISOY) UIIAMIIQ BIBP [IA0.13 POOYP[IYD pue wioqamau jo uosriedwo)) (e :adures £pnjs 3y) Jo ssoudAneIuasaiday 1 d[qel, Arejudwdjddng

VOLUME 59—JaNUARY 15, 2022

INDIAN PEDIATRICS



HEAD GROWTH AND EDUCATIONAL ACHIEVEMENT

‘9 len ydes Jojerep Bussiw jo Aousnbey
1o} |A9|geL Aeuaws [ddns 35S "9 |ge LIeASNIRIS JILLIOUCIS-0100S 8U0 AJuo Bussiwalem (949) 88 Joyunje {(96£9) 925 T 8Ul JO 296 Jojaw|dwodsemerep
SNIEIS 2IWIOU0ID-0100S 'SIUBWBINSEaW GT 8y Joaa.y) 01 dn Bussiwalem (94£2) 26E BULny v * (04£9) 866 1081 [dwodaemerep ‘pooylnpe BunoA ul pue
SIeaATT 'siead g ‘syiuow 9 ‘Yuig 1 [N pue yBiey Jo yibus | ‘sousjuwndl o pesy Sa|qeienazss Apog STy} JO USWOM pue LB 926 T 1043 (de | eAesem
UO[12oNps psuUele JOSIESA Tep BUISSIIN “(8G6=N) 9| LieA | [e Jojsluswrnsesu a3 [dwod yiimsiued onted o] payiwl|S1SISAeue asedaje [dwod sy L

620 SZ0 €10 100 asenbs-y
L0 (82°00102°0-) ¥0°0 0 (€£°0019T°0-) 600 - - - - abe [euoeseD
- - T000> | (B9TOIETT)TH'T - - - - 21LOU0J9-0100S
90 (82°0016T°0-) SO0 G0 (T€001/7°0) 200 S0 (#€'001/T°0-) 600 €0 (92001#T0-) TTO 1npe-ATT
10 01 ££°0-) S0°0- S0 01 /£°0-) 60°0- L0 (2.e00152°0-)900 | 00 (5001 T0°0) 220 ATT-A2
9000 | (T9'0010T0)9£0 100 (65001200)€€0 | TO0O0> | (€8°00182°0)SS0 | TOO'0> | (¥2°001%2°0) 670 Az-w9
TO0 (L¥'00150°0-) T2°0 TO (9v'001900-) 02’0 | €00 (09001€00)2e0 | TO00> | (S2°00122°0) TS0 wo-yuig
90 (#£'00102°0-) 200 ¥'0 (82°0019T°0-) TT0 G0 (6£°00102°0-) 600 20 (er'00160°0-) LTO yuig
xXopuy SSopy Apog
800 asenbs-y
60 (92°001€2°0-) 200 60 (9z001%20-) T0°0 0 01/£0-) 0T'0- 20 010%°0-) ST'0- 1Npe-ATT
S0 (€€0016T°0-) 200 G0 (#r€001870-)800 | 800 | (€E5001€00-)S20 | TOO (85°001/0°0) €0 ATT-A2
S0 (95001 02'0-) 80°0 90 (Se'00122'0-)90°0 | TOO'0> | (88°0010£0)650 | T000> | (62°0010€0) ¥S'0 Az-wg
90 01%£°0-) /00~ 80 01 0£'0-) £0°0- 100 (99001600) 20 | 1000 | (22°00102°0) 970 wo-yuig
S0 01 /£0-) 80°0- S0 01 8£'0-) 60°0- L0 019£'0-) S0°0- TO (70 0180°0-) 8T'0 yuig
W32
500 asenbs-y
60 01%2°0-) 000~ 60 0152°0-) T0°0- 80 0162°0-) 200~ €0 (9c001#T0-) TTO npe-ATT
80 0182°0-) €0°0- 60 0192'0-) 00°0- S0 01G£'0-) 80°0- ¥0 (5e'0019T°0-) 600 ATT-A2
€0 018£°0-) ZT°0- €0 01 6£°0-) ZT°0- T0 016t°0-) 020~ 20 (er'00160°0-) LT O Az-wg
€0 (Tr001ST0-) ET'0 z0 (rr00121°0-) 9T0 ¥'0 (ev'0018T0-)€T0 | TO0O0> | (L2001%2°0) 0S0 wo-yuig
Z0 (67°0012T°0-) 8T'0 TO (€5001600-) 220 T0 (sg001TT0-)220 | TOO (2500190'0) ZE0 yuig
pvag
anppa-d (1D %56) § anppa-d (1D %56) § anppa-d (1D %5$6) § anppa-d (1D %56) §
uonnisad puv spuauoduiod uonnIsas SjuauaANSVIU APOq (21008
SAS 10f pa1Snipy 42y1an,J pun SHS L0f paisnipp 4dy1in,] 42110 40f pagsnipp A puinpy pasnlpvup) p2ZIPADPUD]S)
‘b 12POp “€ 1opopy 7 19pop :I 1opopy 10101paA

(s1sAreuy ase)) 9391duro)) uonedInpy Jo SIeIX YIM pooypy)d
SurIn(q Yimo.a) pue yig Je Xopuj SSeJAl Apog pue JYSIOH “QUdIJWNIII) PEIH JO SUONBIIOSS d1qe], Areyuduwdiddn
YsPH J D PedH ¥ Nenossy 111 21q¥L jddng

VOLUME 59—JaNUARY 15, 2022

INDIAN PEDIATRICS



PANDEY, ETAL.

¥2°0 0T0 800 500 arenbs-y
1000> | (LZLTOIEET)SST - - - - SNJess JILOU0JI8-0100S
- - 70 | (ET'0010€0-) 60°0- - - - - abe [euoeseD
60 (/T001/T0-)000- | 80 (€2°0016T°0-) 200 S0 (€2001TT'0-) 900 TO (62°00170°0-) ET0 ynpe-ATT
L0 (€T0018T°0-)€00- | €0 (eT00158°0-) TTO- T0 (ce001900-) €T°0 | TOO0> | (ISO0016T0)SED ATT-A2
80 (ST00102°0-)200- | 20 (#¥€0010T0-)2T0 | TOOO> | (S50016T0) 20 | TO00> | (BF001¥T0) TE0 Az-wg
TO (0£°00170°0-) ET0 80 (#Z’0016T°0-) €00 800 | (9e001€0°0-)LT0 | TOO0> | (29°001/2°0) 70 wo-yuig
T0 (€0 01¥0°0-) 10 20 (££0010T0-) €T 0 TO (Ge'001500-)ST0 | %000 | (#°00160°0) L20O yuig
x3pu| sse N Apog
600 arenbs-y
20 (S2°00190°0-) OT'0 €0 (TE0010T0-) 0T0 90 (¢z001€T0-) 500 60 01/T°0-) T0°0- 1npe-ATT
20 (#2°001/0°0-) 60°0 L0 (S20018T°0-) Y00 TO (Te001500-)ET0 | €000 | (OF'00180°0) 20 ATT-AZ
20 (82°00180°0-) TT0 €0 (#E001€T0-)OT0 | TOOO> | (88001050)690 | TO00> | (58°001250)89°0 Az-w9
60 (ZT001/1°0-) 000 80 (Tz00152°0-) 200- | T000> | (95°00102°0)8€0 | TOO'O> | (990 03EE0) 670 wo-yuig
60 (0z’0018T°0-) TO0 L0 (TZ'001 TE0-) SO0~ TO (2£00190°0-)9T°0 | TOO'0> | (B7003¥T'0) TEO yuig
WybeH
500 arenbs-y
€0 (92°0010T°0-) 80°0 L0 (£Z001020-) 100 90 (ezooyT0-)500 | 200 | (E€'00120°0-)STO 1npe-ATT
L0 (0z’001¥T°0-) €00 90 (£Z001/10-) 500 70 (Szo01210-) 200 | TOO (880 010°0) 020 ATT-AZ
90 (6T°'001E€T°0-) €00 90 (LT'00192°0-) S0°0- S0 01%2'0-) 90°0- 1000> | (9r'0014T°0) 0E0 Az-w9
TO (TE001£007) ¥T0 70 (or'0010°0-) 8T°0 TO (€€001500-) ¥T0 | TO0'0> | (09°00182°0) 70 wo-yuig
T0 (#£°00150°0-) STO 100 (8500190°0) ZE0 €0 (ccoozr0-)0T0 | TOOO> | (9F°001%T'0) 0E0 yuig
90URJRJWINJIID PeaH
anea-d (10 %56) § o (10 %56) § ompad | (1D%ss)d | ammad | (1D %56)

uonisad pun spuauodutod g8
A0 paSnlp 42y p PO

uonvIsad ‘s

A0f paISnIpy 2Y1N ] : € [9PON

SJUDWDANSDIUL APOq 4D
A0 paisnlpy Ajppmngy. g 12po

passnippun) [ jopop

(24095 pasipippuvg)
L0212

(1 "1 9)eI9UI) 0) PIs() BIe(Q) UONBINDPYH JO
SIBIX YIIM pooyp[Iy) SULIN( YIMo.15) pue yiiig J& Xopu| SSBJAl Apog pue JYSIOH ‘9oUdI9jundar) pedH Jo suonerossy eI[J dqel, Ateyuowdjddng

VOLUME 59—JaNUARY 15, 2022

INDIAN PEDIATRICS



HEAD GROWTH AND EDUCATIONAL ACHIEVEMENT

(T2001€00) 2T0

(¥200190°0) GT'0

(8T°00100°0) 60°0

(TZ001%00) ZT0

(0T'00160°0-) TO0

Buijooyds Jo sieak eusrd

(S0'001ET°0-) ¥0°0- (T0°0-0102°0-) TT0- (000 018T°0-) 60°0- (€T°0- 010€0-) 220~ (tz'00150°0) ¥T°0 olrel Aouspusdep plIyd
(200 01¥T°0-) 90°0- (60°0-01/Z°0-) 8T0- (000 01 /T°0-) 60°0- (T0'001ST'0-) /00~ (ST'001€0°0-) 90'0 xapu | Buipmold
(60°00190°0-) 200 (ST0017T00-) 200 (0T'00190°0-) 200 #1001 700-) /00 (61°001€0°0) TTO BEM
(600 0190°0-) 200 (cT1'001€0°0-) ¥0'0 (cT'001€0°0-) SO0 (9T'00120°0) 60°0 ¥10017T00-) 200 TEIES
(€T°001€0°0-) SO0 (G200180°0) /TO (6T°001€0°0) TTO (LT'001T00) 60°0 (200 015T°0-) 200- NN
(ET00170°0-) 00 (Tz001€00) ZT0 (2T00150°0-) €00 (cz001900) ¥T0 (Z1°00100°0) 600 uo1ednaoo [eiused
(¢T'001€0°0-) SO0 (0£'001ST0) €20 (¢1'001€0°0) 00 (ST'001T0°0) 80°0 (000 019T°0-) 800~ awioou |
(#0°0 010T°0-) €0°0- (60°00190°0-) Z0'0 (91°'00120°0) 60°0 (0T'001%70°0-) £0°0 (21001€00-) GO0 BusnoH joadA1L
(ST001T0°0-) 200 (TE001ST0) €20 (8T°001200) OT0 (cz001/00)¥T0 (2100150°0-) €00 Uo11eoNps euRE N

Juauodutod ajdioutid .|

Hpr-AT T A17-4z Az-wg wY-yi1g

YIMO0.43 [pUONIPUO)

YIMO0.43 [pUONIPUO)

YIMO.43 [pUONIPUO)

YIMO.43 [pUOIPUO)

g

((1D %56) INFIDIAAT0D NOISSTIDAY AALSNIAY

YAANTD) (u/5Y) NG (9)

(521005 (JS)
$21qv1v g SHS

(00°0 01 /T°0-) 60°0-

(8T°00100°0) 60°0

(c€001ST0) 20

(82001 TZ'0) 620

(600 010T°0-) TO0-

Buijooyds Jo sieak eurd

#1001%0°0-) SO0

(200001 97°0-) 200~

(61°0-019¢°0-) 82°0-

(L0°0-0152°0-) 9T 0-

({100120°0-) 80°0

olrel Aouspusdsp plIyd

(¥T'001€0°0-) 90°0

(cT0-0162°0-) T20-

(r2'0- 016€°0-) 2E0-

(S50'0-0122°0-) €T°0-

(600 0160°0-) 000

xopu| Buipmol)

(#0'0 0121°0-) ¥0°0- (91°00100°0-) 800 (91001 T0°0) 800 (TZ00150°0) ETO ({100120°0) 600 EEI
(200 01 €T°0-) SO0~ (ET00120°0-) 900 (8T001€0°0) OT0 (91001 T0°0) 800 (0T'00150°0-) €0°0 uoelives
(#0'0- 0102°0-) ZT°0- (8T°00120°0) OT'0 (G2'001600) /T0 (€2°00190°0) ¥T0 (#0001 £T°0-) GO0~ s|ninn
(T0'0- 01 /T°0-) 60°0- (€2°00190°0) STO (82°00121°0) 020 (62°0012T°0) 020 (9100120°0-) 200 uo17edndoo [eiUB.fed
(20'0-01/1°0-) OT 0~ (0z00170°0) ZT0 (92°00122°0) 62°0 (z0012T0)02°0 (80°00180°0-) 000 awoou |
(900 0160°0-) 200~ (80°001/0°0-) TO'0 (TT'001€0°0-) ¥0'0 (0T'00150°0-) 200 (TT00150°0-) €00 BusnoH joadA1L
(G0°0-0102°0-) ZT°0- (0200170°0) 2ZT0 (1€00122°0) 620 (TE'001ST0) €20 (ET00170°0-) GO0 Uo112oNps U

Juauoduiod ajdidutid sl

inpo-AT [ AT 1-47 Az-ug wy-yiirg

YIMO.43 [pUONIPUO)

YIMO.43 [DUONIPUO))

YIMO.43 [DUONIPUO))

YIMO0.43 [pUOIPUO)

g

((1D %S6) INTIDIAAA0D NOISSTYDTY AALSNIAV YAANTD) (Su2) IHOIAH ()

(521005 (JS)
$21quLivg SHS

(¥1'001€0°0-) SO0

(¥T°'001€0°0-) 90°0

(8T°001T00) OT'0

(T2'001€0°0) 2T0

(0T'001/0'0-) 200

Buljooyas Jo sieak eulered

(T0'0 01 /T'0-) 800~

(¥0'0 01 ¥T'0-) SO0~

(T0'0 018T'0-) 600~

(€0'0- 01 T2'0) 2T 0~

(ST'001€0°0-) 90°0

o1pes Aduspuadap p|IyD

(900 01 TT°0-) £0°0-

(#00-0102°0-) 2T 0-

(S0°0-0122°0-) ¥T0-

(T00 01 9T°0-) 200~

(6000180°0-) 000

apu | Buipmoud

(c0001€T°0-) 90°0-

(€T001%0°0-) +0°0

(600 0120'0-) TO'0

(TT'00150°0-) €00

TT001%00-) 00

BEM

(TT'001€0°0) ¥0'0

(500 01 0T'0-) 200~

(0T'00150'0) 200

(¥1°00100°0-) 200

(1001 20'0-) SO0~

(TT°00150°0-) €0°0 (TT'00150°0-) €0°0 (02001%0°0) ZT0 (02001€00) TTO (90°0 010T°0-) 20°0- ninn

(600 0180°0-) TO'0 (T'001T0°0) 60°0 (9T°'001T0°0-) 800 (92°0010T°0) 8T0 (91°00100°0-) 80°0 uo17edndoo [eiUB.ed

(#1001 T0°0-) 200 #1001 70°0-) 200 (8T001€0°0) TTO (6100170°0) TT0 (200 01£T°0-) SO0~ awoou |

(S50°0 0160°0-) 200~ (00 0121°0-) S0°0- #0001 TT°0-) ¥0°0- (c1001200-) SO0 (80°001/0°0-) TO0 BusnoH joadA L

(¥T°00120°0-) 90°0 (T'001%0°0-) ¥0'0 (8T°001€0°0) OT'0 (TZ00150°0) ET0 (90°0 010T°0-) 200~ Uo112oNps euRE N
Juauoduiod a1diurd

Hnpv-A7 | A7z Az-ug wy-ypi1g
YIMO043 [pUOIPUO)) YINM0L3 [PUOIPUO)) YIM043 [pUOIPUO)) YIMO0L3 [DUOIPUO)) yrig

(1D %56) INIIDIAAA0D NOISSTYDHY AALSNI AV YAANAD) (Swd) ADNTIAAWNIIID AVAH (D)

(521005 S)
$21quLivg SHS

jmuodwio) o[dnurlg JIsiij oY) pue

STEOU0d0) SAS [CNPIAIU]

PIAL Pooypy) surng Yjmoas) pue yuug je xapuj sse]A Apog (3) pue JYSPH (q) uaijundir) pedH (8) Jo suonenossy Al dqel Areyudwdjddng

VOLUME 59—JaNUARY 15, 2022

INDIAN PEDIATRICS



