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tal influence on anthropometric traits have been studied using intraf-
ssion analyses on a sample of 85 nuclear Aggarwal families. Highly significant
; -offspring and parent-offspring for body measurements (except upper arm cir-
i u biceps and triceps) suggest strong genetic component in the expression of these
are found to be higher for linear measurements than for breadth and least for

girths and wm Partitioning of phenotypic values show 50% contribution of additive gen-
etic variance (V A P)' 21% of dominance variance (VDIVP) and 29% of environmental deviation (vn’vp)

The influence of genetic and environmental
factors on anthropometric measurements suggest
different levels of contribution to their phenotypic
expression. This is probably due to difference in
different gene pols and environmental contribu-
tion to the observed variation in a trait or an inter-
action between the two. As Wright (1977) has
noted, it is useful and imperative to study- the
heritability of a trait under different environ-
mental conditions and in different ethnic groups,
as heritability is a property not only of a trait but
is also a function of the population (Falconer,
1960).

Estimates of heritability depend on the mag-
nitude of genetic and environmental components
of variance and change in any one of them will
affect its coefficient value. It is observed that
beritability estimate for the same trait show a
wide range of variation relative to the studied
population in its specific environment and time
(Feldman and Lewontin, 1975). This implies that
interpretation of heritability estimates becomes
difficult as it may not have a straight forward
relationship with the magnitude of genetic deter-
mination but provides only a general indication
o the degree of resemblance between relatives.

In this study, familial correlations, heritabil-

ity estimates and variance components of
anthropometric measurements among Aggarwals
of Delhi are presented so as to understand the
magnitude of nature-nurture relationship.

MATERIAL AND METHODS

The data of 85 nuclear Aggarwal families con-
sisting of parents and adult offsprings were
selected purposively from a larger collected
sample of 225 families; where at least one adult
son or one adult daughter met the criteria of being

- more than 19 years of age. All the individuals

in these families were measured for nineteen
anthropometric variables viz. height, sitting
height, height acromion, height dactylion, height
iliospinale, middle finger length, body weight,
biacromial breadth, bicristal breadth, bitrochan-
teric breadth, upper arm circumference, wrist cir-
cumférence, calf circumference, ankle
circumference and skinfolds at biceps, triceps,
below the scapula, above the iliac crest and at
the level of maximum calf girth, following the
IBP recommendations (Tanner et al., 1969): Two
measurements were estimated : arm length
(height acromion - height dactylion) and subisch-
ial length (standing height - sitting height) of each
subject. '
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The subjects comprised 73 mw%@ had been included in the sample.

. yéuirs (mean age 494 yrs), 83 mothers aged 37 The phenotypic blance between two
‘yeah (meinage“% yrs), 65 sons sgd 19-37 adult generations of parent - offspring would
: age yr : A refiec Mdgenenccmpenentmﬂaeexpms-

sion of a trait. Hence, intrafamilial correlations
@ regression were computed on age - and - sex
#andardized scores of body ‘measurements by
mﬁmngﬂwdatasepamtelywxﬂmeachm(
“#iNd-8ex group. : '
bilit dema‘a'sthepwpotﬁenoftotal
v of a trait in a particular population due

:‘mmame&mme : 0 gene ‘cases was computed from (i) linear
: - n-of offspring on-parent (2b = h%), (i)
regression of offspring on midparent (b =
’~’@)byﬁim (Iﬂis)mmﬂarpo-r:

Table 1: Méan and SD of body meassre ‘ s, mothirs -am

Soms =~ 'Mothers . Daughters

e —— j ‘

: (n=SH) (=S8 - (a=73) (n = 73)
Men D e D Men  SD  Meam SD

Hedght (cm) ‘ 1640 474 1684 594 TIS16 | 416 1548 501

Sitting height (cm) : 853 282 816 376 199 266 819 288

 Height acromicn (cm) 1358 1877 5% 135,5 376 1267 4325

Height dactylion (cm) &2 a1 37 o ,a261 583 288

339 679 329 684 2T
487 860 34 815 358
45¢ 717 353 T30 3
.. 082 84, 044 85 046
‘1044 618 880 501 749

186 351 195 341 . 180

19 282 167 210 151

1T 304 1% 293 L4
233 285 30 234 267
091 153 09 144 078

383 330 376 305 261

235 203 149 200 174

: .

196 99 366 10 328
48 280 636 156 631
74 74 11 113 738
‘875 211 613 . 161 801
790 221 915 220 706
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y ms sosfficient ‘r’ for different body messurement

Rpther- Mother- Mother- Father- ~ Mother-  Parems-  Sibling
_#on daghter son daughter offspring offspring offspring

88) (n=6]) (n=64) (n=73) (n=119) (n=137) (n=256) (n=7l)

0.15 0548 020 o028 0377 033° 026

027t 031" 032 024> 033 029° o028

020 Q4 027" 029 034 032} 039

030° 0,08 027" 0348 0188 026 012

0362  052° 03¢ 029° 043° 037 o017

0.23 048° 024" 023' 0368 030° 020

028 048 o019 03 033® 032 o2

033> o049 045° 0268° 0477 038 0312

024 001 02t 022! o015 o018 034
051 o022 053 oS 040 045 046

015 020 004 027 o012 019> o024

- 0:20 0.14 007. 0200 010 01st 029!

032! 001 0.17 016 009 0.12 029!

: 032! 03® 029" 042* 032) 037 045

&34 01l . 025 001 0342 o018 ~ 019" 019 026

o 438 0100 0N 043 0.18 0.10 030> 0212 o026

i)-at bioeps 0% 010 007 - 003 030 001 018" 010 019
Hyswicepp O 006 004 009 004 001 002 ~ 002 0.50°
iii) below the scapulsa 607 0.8 023 0.03 033* o021' o9 0202 033
iv) above iliac crest . -Gi04 0.13 015 005 028 . 014 013 013 o027
v) at calf oS 058 005 017 030 - 03* 0248 o027° o055

P values : -1p<mzp<m,s p<0.001 ; gtk '
between correlation values.
mmm?}ﬁnn&%ﬂ con- -

extherpomﬁveﬁrm Theagenotyplc value

(G) further consists: afuﬁ&vemuc effect (A)
and dominance (D).

\ Smce P-G@Eci?z& ':D+Bitfollowsmat

wition test (1970) was
used for wa!m&nc ﬁe»m differences

Means and standard deviation of 21 anthrop-
ometric measurements are listed in table 1. Both
sexes of filial generation show significantly
higher mean values for height, sitting height,
height iliospinale and subischial length than their
like-sexed parents, whereas soft-tissue related
measurements are significantly higher in the
parental generation. v

Table 2 shows the intrafamilial correlation
coefficient for body measurements. Levels of
assartative mating for body size estimated from
‘'spouses correlation show low and non-significant
values except for arm length, subischial length,
bhaomxal breadth, bicristal breadth, upper arm
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circumference, wrist circumference and skinfolds
at biceps and triceps. The correlation values of
body measurements in parent-offspring are sig-
nificantly lower than the theoretical value of 0.5,
except biacromial breadth, thus indicating pre-
sence of larger component of environmental var-
iation in them. Comparison of correlation coef-
ficient between father-offspring and mother-off-
spring show none of the anthropometric mea-
surements to be significantly different from zero,
Sibling correlation for bony measurements are
lower than corresponding parent-offspring cor-
relation values, but higher for body weight, cir-
cumferences and skinfolds at different sites.

Parent-offspring regression coefficients
presented in tables 1 and 2.

GARGI ROY AND RAGHBIR SINGH

Table 3 show the same direction and variab-
ility as plrent - offspring correlations. ‘

Midparent - offspring correlations and regres-
sions listed in table 4 differ among different body
measurements indicating a varying degree of
hereditary control over the phenotypic expression
of these traits, Midparent - son correlations are
significantly higher for height and subischial
length than midparent - daughter correlations.

Table 5 shows the estimates of heritability
(h) of body measurements observed in the
sample and expected in panmictic conditions -
(ho®). The pattern of inheritance of different
anthropometric measurements differ in the levels
of genetic contribution, highest being for longi-
tudinal measurements followed by transverse and

Table 3: Parent - offspring regression coefficients b =#.¢ of b of body measurements

Father

Measurement Father Father Mother Mother Mother Parent
son daughter son daughter affspring offspring offspring
(n = 58) (n=061) (n=64) (r=73) (n=119) (n=137) (n=25)
b se b se b se b se b se b se b se
of b of b o b of b of b of b of b
Height 051 015 013 012 068 013 024 014 032 010 045 009 0.39 0.07
Sitting height 026 017 024 011 042 016 038 012 025 009 040 009 033 007
Height acromion 057 0.18 017 010 058 016 031 013 036 011 044 0.10 040 0.07
Height dactylion 035 011 022 009 012 018 030 013 028 007 022 010 025 0.06
Am length 025 015 032 011 057 042 028 009 029 009 042 008 036 006
Height iliospinale 032 0.18 017 009 052 012 025 011 024 009 038 008 031 006
Subischisl length 046 0.18 024 010 060 0.14 018 0.11 035 009 038 009 037 007
Middie finger length  0.19 0.13 034 0.12 050 0.11 047 0.1 027 009 048 008 038 0.06
Body weight 021 013 015 007 001 012 023 009 0.18 007 013 007 015 005
Biacromial breadt 047 0.1 049 0.1 020 011 048 009 048 007 035 007 041 0.05
Bicristal breadth 047 0.15 013 011 018 012 004 0.11 030 010 011 008 020 0.06
Bitrochanteric 021 015 019 013 0147012 008 013 020 009 011 009 015 006
breadth - P
Mid-upperarm €001 012 030 012 001 013 016 010 015 005 008 008 011 006
circumference . )
Wiist circumference  0.51  0.11 "024 0.09 038 0.13 024 009 037 007 031 008 034 005
Calf cicumference  0.15 0.18 0.18 009 001 013 024 007 0.17 009 013 006 015 0.05
Ankle circumference  0.19 025 0.14 0.16 068 018 021 013 016 015 043 012 030 0.09
Skinfolds: ; i
i) at biceps 009 014 006 013 002 007 027 010, 001 009 015 007 008 0.09
ii) at triceps 009 022 005 016 -006 009 004 012 -001 017 001 004 -001 0.03
iii) below the 019 014 025 013 003 011 .035 012 022 009 020 009 021 006
scapula
iv) above iliac 019 019 017 014 005 015 037 015 019 012 017 0l 018 0.09
065 013 004 011 0.6 011 023 008 034 009 020 007 027 0.06

v) at calf crest
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Table 4: Mdpq?ént - offspring correlation coefficients ‘r’ and regression coefficients ‘b’ of body measurements

Measurement Midparent-son Midparent-daughter Midparent-offspring -
(n=57® (n = 59) (n = 116)
r b s.e of b r b s.eofb r b s.eofb
Height 060) 096 017 025! 034 020 044 06 013
Sitting height o2 059 0.2 043> 059 0.16 039> 062 013
Height acromion 088 107 022 031! o042 016 043° 074 0.4
Height dactylion - ‘a8 083 0.21 0372 046 0.5 036> 051 0.12.
Amm length 0468 060 0.15 040> 041 0.12 042> 049 009
Height iliospinale 048 079 0.19 029" 034 0.15 039° - 056 0.12
Subischial length 057 098 0.19 025! 030 0.15 043> - 063 0.2
Middle finger length 055 080 0.16 053> 065 0.13 054> 071 010 .
Body weight 01 0.17 0.19 034> 029 0.11 0242 028 0.10
Biacromial breadth o4’ 046 0.13 064 oM 0.11 054> 058 009
Bicristal breadth 035> 043 0.15 0.09 0.11 0.15 023! 028 0.1
Bitrochanteric breadth 0.21 0.29 0.18 0.13 0.18 0.18 0.18 025 0.12
Mid-upper arm 0.03 0.02 0.12 027" 028 0.13 0.15 0.15 008
circumference ‘ ) )
Wrist clrcumference s o 0.13 0372 036 0.12 045° 048 009
Calf circumference 0.04 0.06 0.19 038> 033 0.10 02! 026 o011
Ankle circumference 038 084 031 0.16 0.26 0.2 0252 050 0.8
Skinfolds i : y
i) at biceps 0.02 0.02 0.14 0.20 022 0.14 0.11 012 010
ii) at triceps 009. 0.1 0.17 0.04 0.05 0.17 0.05 006 0.2
iii) below the scapula 0.13 0.20 0.19 036> 047 0.16 0252 035 0.3
iv) above iliac crest 0.07 013. 025 0.2 0.36 022 022! o016 007
V) at calf C043® 055 0.16 020 022 0.14 031> 036 0.1
P values : 1. p < 0.05; 2. p < 0.01; 3. p < 0.001
Table 5: Heritability estimates M of body measurements
Measurement ¥ from W from ¥ calculated Mean hé
Parent-offspring Midparens-. by Fishers' W °
regression offspring method
regression
Height 0.78 0.69 0.67 0.71 0.74
Sitting height 0.66 0.62 -0.57 0.62 0.65
Height acromion 0.80 0.74 0.59 071 0.72
Height dactylion 0.50 0.51 0.54 0.52 052
Arm length 0.72 0.49 0.54 0.58 0.47
Height iliospinale 0.62 " 0.56 0.55 0.58 062 .
Subischial length 0.74 0.63 0.54 - 0.64 0.60
Middle finger length 0.76 0N -0.70 1072 .0.69
Body weight 0.30 0.28 036 031 0.30
Biacromial breadth 0.82 0.58 0.67 0.69 0.55
Bicristal breadth 0.40 028 0.29 032 0.28
Bitrochanteric breadth 0.30 025 . 030 0.28 0.30
Mid-upper am circumference 0.22 0.15 0.19 0.19 0.17
Wrist circumference 0.68 0.48 0.59 0.58 0.50
Calf circumference 0.30 026 033 0.30 0.25
Ankle circumference 060 0.50 037 0.49 0.51
Skinfolds: )
i) at biceps 0.16 0.12 025 0.18 021
ii) at triceps 0.02 0.06 0.04 0.00 0.02
iii) below the scapula 0.42 035 0.43 0.40 0.44
iv) above iliac crest 0.36 0.16 027 026 038
‘v)atcalf - 0.54 036 0.47 0.46 045
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soft-tissue related measurements. Positive assor-
tative mating will cause.an augmenmﬁmnt herit-
ability (h?) whereas genetically less a8
mating will tend to yield greater within
hereditary variance in the offspring. A
rison of h? with ho? shows former
affecting the heritability of arm lengsh;
ial breadth and bicristal breadth. -
Pamuonmg of phmotypic’ variance ¢
strated in Fxg 1) show gradual m
contribution of additive genetic varls

and 29% of environmental deviation (V)
DISCUSSION

The sons and daughters show - significantly
higher mean helghtﬂlanﬂwseoffathe:‘smd
mothers. The corresponding increments in the
younger adiilt generation of sons and daughters
are 4.4 cm and 3.2 cm respectively. It is chserved
that the two components of height, viz. sitting
height and subischial length contribute equitsbly
(1.4%, 1.3%) to the increased height of adult sons
but not so among the girls (1.3% and 08%
respectively). The above observations suggest fhie
possibility of occurrence of secular trend towsnds
increase in mean height within younger penies
_tion of boys and girls. This mﬁs
further strengthened on finding sig
higher mean values of sitting height and subisch
ial length xnmeoffspnngs,asﬂmem*
-components of the total height of the individia

The degree of assortative mating is expiesss
asmecorrelauonbetweenphemtypicm
the mated individuals. An assessment in the lovel
of assortative mating is important because it
affects the magnitude of parent - offspring and

sibling correlations and thereupon the heritabil-.
ity of a trait. Very low and non-significant hus-
‘band - wife correlation for height suggests

tors (V,/V,), 21% due to dominance ﬁf' V)

GARGI ROY AND RAGHBIR SINGH

abseﬁce of assortative mating for height. Signif-
icant marital correlations for few adiposity related

s measurements possibly reflect increasing simi-
] H&ity of spouses due to environmental covari-

’Ihesu'mgmofcorrelanonesumawsmthe

¢ familial transmission of anthropometric mea-
surements suggest that longitudinal bony mea-
‘surements are more genetically determined as

compared to soft-tissue related measurements.

- This finding is in agreement with earlier obser-
&  vations made on growing offsprings (Mueller and

" Titcomb, 1977) and adult offsprings reported by
- Susanne (1977) and Kaur and Singh (1981). Low
» _and non-significant midparent - offspring corre-
,mfm‘ upper arm circumference, biceps and
“mriceps skinfolds indicate low genetic transmis-

sion of these traits and therefore, anthropomet-

ric evaluation of the adiposity related

measurements of the upper limb may become

.useful as indicators of the nutritional state of an

individual. Maternal influence is found to be
slightly stronger than paternal influence for most
of the body measurements, but the differences do
not reach statistical significance, thereby' sug- .
gesting the contributive role played by both the

parents in shaping the traits of their offspring.

Sibling correlations for body weight, girths and
skinfolds exceed those of corresponding parent-

-offspring correlations, suggesting the presence of

relatively homogeneous environment within
siblings which probably affect measurements
easily-influenced by nutrition and environment.

Heritability estimated by the three methods are
similar in magnitude but for little variation; h*
“estimated from midparent-offspring regression

ach- gives estimate of the proportion of the phenotypic

variance due to additive genetic variance. Mean
-hawritability (h®) and that caleulated for a theore-
teal panmictic Aggarwal population (ho?) range
between - 2% to 74% for the traits. The value
of mean (h?) are lower than corresponding (ho?)

-and the decreasing order of (ho?) do not corres-

pond with the decreasing order of (h’) for the
anthropometric measurements; however the cor-
relation between (h?) and (ho?) remains high.
Higher heritability of wrist circum-
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LINEAR " DIAMETERS GIRTH AND SKINFOLDS
Vp: Phenotypic variance \
V5 : Additive variance
Vp: Dominance variance
Vg: Environmental deviation

Fig. 1

~ValVe
50°/e

Vp:Phenotypic variance
Va:Additive variance

Vp: Dominance ~ariance
VE:Environmental deviation

Fig. 2
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ference related to upper arm circumference and
ankle circumference related to calf circumference
indicates a greater genetic influence of the osse-
ous tissues in relation to adipose tissues.

The partitioning of the phenotypic variance
into its components estimate the relative inpor-
tance of the various determinants of the phea-
otype in relation to heredity versus environitient.
It is observed that even though the genetic fac-
tors seem to play a major part in the determi-
nation of body size traits (64%, 53%) and 35 in
linear, diameters and girths and skinfolds respe
tively), dominance and environmental m
also play an important role in
phenotype of an individual. ,

On comparing the results of the pueseatﬁéy
with those reported in the literature, (§
1975, 1977; Kaur and Singh, 1981, 1983; Pw~
anine Hill et al., 1981; Devor et al, 1986) it can
be concluded that even though the absolute cor-
relation values are found lower, the pattern in
heritability of body measurement is more or less
similar i.e. highest in linear measurements, least
in skinfolds and intermediate in circumferential
and transverse measurements. Absence of assor-
tative mating, increased environmental variance
between generations and low parent-offspring
environmental covariance ar some of the factors
affecting the correlation values of body mea-
surements in the population.
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