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Abstract

Linear growth from birth to 2 years of children enrolled in the World Health Organization Multicentre Growth
Reference Study was similar despite substantial parental height differences among the six study sites.Within-site
variability in child length attributable to parental height was estimated by repeated measures analysis of
variance using generalized linear models. This approach was also used to examine relationships among selected
traits (e.g. breastfeeding duration and child morbidity) and linear growth between 6 and 24 months of age.
Differences in intergenerational adult heights were evaluated within sites by comparing mid-parental heights
(average of the mother’s and father’s heights) to the children’s predicted adult height. Mid-parental height
consistently accounted for greater proportions of observed variability in attained child length than did either
paternal or maternal height alone. The proportion of variability explained by mid-parental height ranged from
11% in Ghana to 21% in India. The average proportion of between-child variability accounted for by mid-
parental height was 16% and the analogous within-child estimate was 6%. In the Norwegian and US samples, no
significant differences were observed between mid-parental and children’s predicted adult heights. For the other
sites, predicted adult heights exceeded mid-parental heights by 6.2–7.8 cm. To the extent that adult height is
predicted by height at age 2 years, these results support the expectation that significant community-wide
advances in stature are attainable within one generation when care and nutrition approximate international
recommendations, notwithstanding adverse conditions likely experienced by the previous generation.
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Introduction

The World Health Organization (WHO) Child
Growth Standards for children 0–5 years of age are
based on a prescriptive approach designed to depict
how all children should grow when their health
care needs are met (Garza & de Onis 2004). The
children whose growth was documented to derive
the WHO standards were internationally diverse

(Brazil, Ghana, India, Norway, Oman and the United
States), but all experienced environmental and socio-
economic conditions unlikely to constrain growth (de
Onis et al. 2004a). Nonetheless parental heights
expected to influence their progeny’s growth differed
significantly among study sites (WHO Multicentre
Growth Reference Study Group 2006a), yet their chi-
ldren’s growth from birth to 2 years was similar. A
variance components analysis of length between birth
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and 24 months of age (adjusting for sex and age)
estimated the proportions of total variability attribut-
able to sites and individuals within sites as 3% and
70%, respectively (WHO Multicentre Growth
Reference Study Group 2006c). It was thus possible
to pool multisite data and develop the standards
(WHO Multicentre Growth Reference Study Group
2006d).

Child growth up to 24 months is a strong predictor
of cognitive performance and physiological achieve-
ment in adulthood (Victora et al. 2008). Schmidt and
colleagues reviewed determinants of adult height and
suggested that although socio-economic factors (e.g.
social class, birth order, number of younger siblings
and mother’s education) cannot determine growth
directly, they likely act through biological mediators
such as nutrition and infection, that in turn, interact
significantly with complex individual genetic endow-
ments to determine adult height (Schmidt et al. 1995).
The authors summarized analyses of longitudinal
growth data (birth to 22 years) from a secular trend
study initiated by the Fels Research Institute in the
1920s. The Fels group noted that increases in adult
height observed over two generations were evident
by 2 years of age in the younger cohort and that the
magnitude of observed gains in growth remained
almost unchanged during the remaining growth
period (Bock & Sykes 1989). Other studies suggest
that adult height can be predicted by doubling height
at 2 years (Tanner et al. 1970; Roche et al. 1975; Prader
et al. 1989, and Victora et al. 2008). For example, the
Zurich Longitudinal Growth Study followed children
from birth to 20 years between 1954 and 1976 (Prader
et al. 1989). The average combined-sexes height at 2

years in that study was 86.4 cm.The cohort’s stature at
20 years was 171.3, or 1.5 cm less than twice the
cohort’s length/height at 2 years. Schmidt et al. (1995)
also summarized findings from other longitudinal
growth studies (birth to adulthood). They reported
correlations between childhood lengths/heights and
adult heights that were low at birth and increased
steeply until age 2 years, with slower increments
through the remainder of childhood. The consistency
of such longitudinal data from these various studies
supports the exploration of length/height at 2 years to
assess timeframes for achievable intergenerational
community gains in stature.

The definition of mid-parental height as the
average height between parents dates back to 1886,
when Galton argued that this variable best repre-
sented the transmission of stature from parents to
children (Galton 1886). To date, mid-parental height
is still considered the strongest predictor of adult
height, followed by birthweight and several socio-
economic factors (Cole 2000). In the present analyses,
within-site variability in child length attributable to
parental height and several other factors is estimated.
The prescriptive criteria applied in selecting the
Multicentre Growth Study (MGRS) sample and the
support provided to study mothers to ensure
adequate feeding and care implicitly minimized vari-
ability in the environmental influencers of growth.

Methods

The WHO MGRS (1997–2003) was a population-
based study undertaken in the cities of Davis, Califor-
nia; Muscat, Oman; Oslo, Norway; and Pelotas, Brazil,

Key messages

• Significant increases in child stature are achievable at a community level within one generation when care and
nutrition approximate international recommendations.

• Mid-parental height consistently explained a greater proportion of observed variability in attained child length
than either paternal or maternal height alone in settings with widely disparate parental heights.

• Doubling a child’s height at 2 years matches mid-parental heights when parental stature reflects genetic
potentials and their children’s care approximates international health and nutrition recommendations.

• Meeting international health and nutrition recommendations results in predicted adult stature that approxi-
mates international norms in children of parents who likely experienced adverse health and nutrition
conditions sufficient to result in significant reductions in adult height.
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and selected affluent neighbourhoods of Accra,
Ghana and South Delhi, India. The MGRS protocol
and its implementation in the six sites are described in
detail elsewhere (de Onis et al. 2004a). Briefly, the
study combined a longitudinal component from birth
to 24 months with a cross-sectional one of children
aged 18–71 months. Analyses included here are
limited to the study’s longitudinal component, where
mothers and newborns were screened and enrolled at
birth and visited at home 21 times on weeks 1, 2, 4 and
6; monthly from 2 to 12 months; and bimonthly in the
second year. Data were collected on anthropometry,
feeding practices, morbidity, perinatal factors, and
socio-economic, demographic and environmental
characteristics.

The study populations benefited from socio-
economic conditions favourable to growth, experi-
enced low mobility, and had access to breastfeeding
support. Individual inclusion criteria consisted of
no health or environmental constraints to growth,
mothers willing to follow MGRS feeding recommen-
dations (exclusive or predominant breastfeeding for
at least 4 months; introduction of complementary
foods by the age of 6 months; partial breastfeeding
continued for at least 12 months), no maternal
smoking before and after delivery, single-term
birth, and absence of significant morbidity (de Onis
et al. 2004a). Descriptions of foods consumed and
dietary diversity were derived from the 24-h recalls
(WHO Multicentre Growth Reference Study Group
2006b).

During site selection, surveys were conducted in
Ghana, India and Oman to identify site-specific socio-
economic characteristics that identified groups whose
growth was not environmentally constrained
(Bhandari et al. 2004; Mohamed et al. 2004; Owusu
et al. 2004). Local criteria for screening newborns,
based on parental education and/or income levels,
were developed from those surveys. Pre-existing
survey data for this purpose were available from
Brazil, Norway and the United States. The total
MGRS sample size for the longitudinal component in
all six sites was 1743 children; 88% (1542) of those
enrolled were followed for 24 months. The per cent
follow-up varied from 82% to 93% among sites. Term
low-birthweight infants (2.3%) were not excluded.

At the beginning of the study, mothers reported
their age, completed years of education and parity
(number of live births), and the mothers’ pregnancy
status was ascertained at each follow-up visit. For the
child, data were collected on morbidity, use of nutri-
tional supplements, continuation of breastfeeding and
dates when breastfeeding was discontinued. Food and
fluid intakes were estimated using 24-h dietary recalls
from each follow-up visit.

Identical anthropometry equipment was used in all
study sites, and measurements were taken following
standardized procedures (Onyango et al. 2004; de
Onis et al. 2004b). Electronic scales (UNICEF Elec-
tronic Scale 890) (Seca) with 0.1-kg precision were
used to measure weight. Length was measured using
the Harpenden Infantometer (CMS Weighing Equip-
ment Ltd, London, UK) (range 30–110 cm) and
height with the Harpenden Stadiometer (range
65–206 cm), both with digit counters precise to 1 mm.
Parents’ heights were measured once, at the begin-
ning of the follow-up (only biological fathers were
measured).

Statistical analyses

Country-specific analyses were conducted to estimate
within-site variability in child length attributable to
parental height and assess the influence of other
factors with the potential to affect linear growth
between 6 and 24 months. Within-site variability in
child length at 6, 9, 12, 18 and 24 months attributable
to parental height, the child’s sex and birthweight was
estimated by repeated measures analysis of variance
using generalized linear models (Littell et al. 1998).
The models also included household income, mot-
her’s age, education and parity, maternal pregnancy
status between 14 days and 24 months post-partum,
duration of breastfeeding, child morbidity, dietary
diversity, and nutrient supplementation. The orthogo-
nal polynomial transformation was chosen for the
repeated measures. Repeated measure analysis of
variance splits the total explained variability of all
length measurements considered in the analysis into
two parts (between- and within-child) to reflect the
association between attained length and each of the
independent variables. Between-child variability
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refers to differences in levels (average attained
length) and within-child variability to differences in
shapes of individual growth functions. Proportions of
between- and within-child variability explained by a
specific variable were calculated considering the cor-
responding total type III sums of squares as denomi-
nators. To assess significance of the independent
variables, F-tests for the within-child univariate analy-
sis were corrected based upon the estimates of sphe-
ricity by Greenhouse and Geisser (1959) whenever
there was a violation of the assumption of equality of
differences between pairs of measurements (spheric-
ity hypothesis). It should be noted that assessment of
proportions of variability was the primary objective
of this analysis; therefore, investigation of magnitudes
and directions of the various effect estimates was con-
sidered as beyond its scope.Analyses were carried out
using the software SAS (SAS Institute Inc., Cary, NC,
USA, version 9). Statistical significance was assessed
at the 5% level for all analyses.

To examine the influence of parental characteristics
on attained child length, mother’s age and education
were re-coded as categorical variables and analytical
groups were collapsed when specific cells had fewer
than 15 observations (country-specific categories for
both variables are presented in Table 1). Parity
was coded in two categories (mothers with fewer
than three children vs. three or more). Household
income was estimated in national currencies and cat-
egorized by country-specific quartiles. Duration of
breastfeeding was calculated in months as the differ-
ence between the termination date reported by the
mother and the index child’s birth date divided by
30.4 days. Dietary diversity was included in the model
in relation to the four indicated age intervals to which
different feeding recommendations apply (6 to <9
months, 9 to <12 months, 12 to <18 months, 18 to <24
months).The dietary diversity index was calculated as
the average number of food groups included in the
child’s diet reported at the visits occurring during the
corresponding period. The food groups were the
following eight: (i) grain products and tubers;
(ii) legumes/nuts; (iii) milk products; (iv) flesh foods;
(v) eggs; (vi) vitamin-A rich fruits and vegetables;
(vii) other fruits and vegetables and juices; and (viii)
fats/oils. This categorization of foods was chosen so

that a higher total score would likely reflect greater
consumption of foods of higher nutrient density, such
as animal source foods (three categories) and fruits
and vegetables (two categories). The number of food
groups represented in the child’s diet (range 0–8,
except in Brazil where it was 0–7), regardless of
the amount consumed from each food group, was cal-
culated as a measure of dietary diversity (WHO
Multicentre Growth Reference Study Group 2006b).
Child morbidity (fever or diarrhoea) was calculated
as the number of times fever or diarrhoea were
reported between 6 and 24 months (visits at 6, 7, 8, 9,
10, 11, 12, 14, 16, 18, 20, 22 and 24 months). The vari-
able corresponding to the utilization of nutrient sup-
plements refers to the total number of times that
supplementation intake of iron or vitamin A was
reported during the same time period.

Proportions of the variability in attained length
attributable to maternal height, paternal height and
mid-parental height were estimated by testing each of
these variables in separate models adjusted for all the
factors listed earlier. Correlations between mid-
parental height and child length were also estimated
using Pearson coefficients (Campbell & Machin
1999).

Children’s predicted adult heights were estimated
by subtracting 0.7 cm from their length at 24 months
(to derive height) and multiplying the result by 2.
[The average difference between recumbent length
and standing height on the same child in the MGRS
was 0.7 cm (WHO Multicentre Growth Reference
Study Group 2006d)].

Results

Table 1 summarizes, by study site, key child and
parental characteristics that were used in the analyti-
cal models describing relationships between child
length and selected parental characteristics, child sex
and birthweight. Numbers of children followed from
birth to 24 months are also presented in Table 1, but
sample sizes at follow-up fluctuated because of
missing visits or missing measurements. In Brazil, 287
children were followed, but available length measure-
ments at birth, at 6, 9, 12, 18 and 24 months
varied, that is, n = 287 (range: 280–286); Ghana,

Parental height and child growth in the WHO MGRS 61

© 2013 John Wiley & Sons Ltd Maternal and Child Nutrition (2013), 9 (Suppl. 2), pp. 58–68
The World Health Organization retains copyright and all other rights in the manuscript of this article as submitted for publication.



Ta
bl

e
1.

Ba
se

lin
e

ch
ild

an
d

pa
re

nt
al

ch
ar

ac
te

ris
tic

s
in

th
e

sa
m

pl
e

fo
llo

w
ed

fro
m

bi
rt

h
to

24
m

on
th

s,
by

sit
e

B
ra

zi
l(

n
=

28
7)

G
ha

na
(n

=
29

2)
In

di
a

(n
=

26
9)

N
or

w
ay

(n
=

26
2)

O
m

an
(n

=
26

0)
U

ni
te

d
St

at
es

(n
=

17
2)

C
hi

ld
se

x
(%

bo
ys

)
50

.9
48

.3
52

.8
53

.1
51

.9
49

.4
C

hi
ld

bi
rt

hw
ei

gh
t

(k
g)

(m
ea

n
±

SD
)

3.
3

±
0.

4
3.

3
±

0.
4

3.
1

±
0.

4
3.

6
±

0.
5

3.
2

±
0.

4
3.

6
±

0.
5

C
hi

ld
bi

rt
h

le
ng

th
(c

m
)

(m
ea

n
±

SD
)

49
.6

±
1.

9
49

.4
±

1.
9

49
.0

±
1.

8
50

.5
±

1.
8

49
.2

±
1.

7
49

.8
±

2.
0

M
ot

he
r

ed
uc

at
io

n
(c

om
pl

et
e

ye
ar

s)
(%

)
<1

0
33

.8
39

.7
0

32
.1

26
.1

0
10

–1
4

40
.8

–*
0.

7
–*

50
.8

8.
1

15
–1

9
25

.4
60

.3
90

.0
67

.9
23

.1
77

.9
≥2

0
0

–*
9.

3
–*

–*
14

.0
M

at
er

na
la

ge
(y

ea
rs

)
(%

)
<2

0
11

.2
0

0
0

27
.3

0
20

–2
4

15
.3

38
.7

11
.5

7.
6

–*
32

.0
25

–2
9

28
.2

–*
42

.8
30

.2
42

.3
–*

30
–3

4
28

.2
41

.4
39

.4
42

.4
19

.2
41

.8
>3

5
17

.1
19

.9
6.

3
19

.8
11

.2
26

.2
P

ar
it

y
(%

w
it

h
≤t

hr
ee

ch
ild

re
n)

82
.9

67
.5

96
.7

87
.0

48
.6

83
.7

P
re

gn
an

t
(%

ye
s

du
ri

ng
fo

llo
w

-u
p)

8.
0

27
.1

7.
4

22
.9

36
.5

33
.7

D
ur

at
io

n
of

br
ea

st
fe

ed
in

g
(m

on
th

s)
[m

ed
ia

n
(m

in
,m

ax
)]

8.
3

(0
.5

,2
4)

15
.5

(2
,2

4)
14

.9
(2

,2
4)

13
.1

(1
,2

4)
22

.0
(1

.5
,2

4)
15

.6
(1

.4
,2

4)
Ir

on
or

V
it

am
in

A
su

pp
le

m
en

ta
ti

on
†

[m
ed

ia
n

(m
in

,m
ax

)]
1

(0
,1

4)
6

(0
,2

0)
7

(0
,2

0)
14

(0
,1

9)
1

(0
,9

)
0

(0
,1

0)
N

um
be

r
of

m
or

bi
di

ty
ep

is
od

es
‡

[m
ed

ia
n

(m
in

,m
ax

)]
4

(0
,1

7)
3

(0
,1

2)
3

(0
,9

)
4

(0
,1

2)
5

(0
,1

6)
3

(0
,1

3)
M

ot
he

r’
s

he
ig

ht
(c

m
)

[m
ea

n
±

SD
(N

)]
16

1.
2

±
6.

0
(2

87
)

16
1.

9
±

5.
2

(2
89

)
15

7.
6

±
5.

4
(2

69
)

16
8.

9
±

6.
6

(2
61

)
15

6.
6

±
5.

5
(2

60
)

16
4.

9
±

6.
5

(1
72

)
Fa

th
er

’s
he

ig
ht

(c
m

)
[m

ea
n

±
SD

(N
)]

17
3.

8
±

6.
9

(2
45

)
17

3.
0

±
6.

6
(2

51
)

17
2.

8
±

6.
3

(2
68

)
18

2.
3

±
6.

8
(2

56
)

17
0.

5
±

6.
4

(2
33

)
17

9.
0

±
7.

2
(1

69
)

M
id

-p
ar

en
ta

lh
ei

gh
t

(c
m

)
(m

ea
n

±
SD

)§
16

7.
5

±
5.

4
16

7.
3

±
4.

6
16

5.
1

±
4.

8
17

5.
7

±
5.

3
16

3.
6

±
4.

3
17

2.
0

±
5.

1

SD
,s

ta
nd

ar
d

de
vi

at
io

n.
*C

ol
la

ps
ed

w
it

h
th

e
im

m
ed

ia
te

lo
w

er
ca

te
go

ry
.† To

ta
ln

um
be

r
of

ti
m

es
th

at
su

pp
le

m
en

ta
ti

on
in

ta
ke

w
as

re
po

rt
ed

be
tw

ee
n

ag
es

6
an

d
24

m
on

th
s.

‡ To
ta

ln
um

be
r

of
ti

m
es

th
at

m
or

bi
di

ty
(f

ev
er

or
di

ar
rh

oe
a)

w
as

re
po

rt
ed

be
tw

ee
n

ag
es

6
an

d
24

m
on

th
s.

§ Sa
m

e
sa

m
pl

e
si

ze
(N

)
as

fo
r

fa
th

er
’s

he
ig

ht
.

C. Garza et al.62

© 2013 John Wiley & Sons Ltd Maternal and Child Nutrition (2013), 9 (Suppl. 2), pp. 58–68
The World Health Organization retains copyright and all other rights in the manuscript of this article as submitted for publication.



n = 292 (290–292); India, n = 269 (265–269); Norway,
n = 262 (249–262); Oman, n = 260 (257–260); United
States, n = 172 (169–172).

Overall mean child measurements at birth were
3.3 kg weight and 49.6 cm length. Mothers and fathers
were tallest in Norway and the United States and
shortest in Oman. The majority of mothers in Ghana,
India, Norway and the United States had at least 15
years of education. Parity was highest in Oman, where
only 48.6% had three or fewer children compared
with majorities in all other countries, from 67.5% in
Ghana to 96.7% in India. All mothers except three in
Ghana and one in Norway had a recorded height.
Numbers of available mid-parental heights matched
the number of available fathers’ heights (ranging
from 85.4% in Brazil to 99.6% in India).

Table 2 presents Pearson correlation coefficients
relating mid-parental height to attained child length
by age and study site. At birth, at 6, 9 and 12 months

the highest coefficients were observed in sites with the
highest mid-parental height and the lowest were in
sites with the shortest mid-parental height. This
general pattern persisted at 18 and 24 months, but not
as consistently as in the first year.

Table 3 summarizes, for each site, the proportion of
total between-child variability in attained length
explained by maternal, paternal or mid-parental
height, alternated within the full generalized linear
model with repeated measures (at 6, 9, 12, 18 and 24
months). Mid-parental height consistently explained
a greater proportion of the observed variability in
attained child length than either paternal or maternal
height alone. For all sites, the proportion of between-
child variability explained by mid-parental height
ranged from a low of approximately 11% in Ghana to
a high of 21% in India. The average proportion of
variability explained by mid-parental height across all
sites was approximately 16%. It was striking that in

Table 2. Correlation coefficients (Pearson’s r) between mid-parental height and child length at selected ages, by site

Age (months) Brazil (n) Ghana (n) India (n) Norway (n) Oman (n) United
States (n)

Birth 0.23 (244) 0.24 (250) 0.30 (268) 0.43 (255) 0.19 (233) 0.39 (169)
6 0.35 (244) 0.35 (245) 0.39 (264) 0.48 (252) 0.33 (233) 0.47 (168)
9 0.42 (244) 0.34 (244) 0.43 (264) 0.51 (245) 0.33 (231) 0.50 (169)
12 0.41 (241) 0.37 (250) 0.44 (268) 0.50 (250) 0.38 (232) 0.52 (167)
18 0.45 (242) 0.41 (248) 0.46 (264) 0.45 (242) 0.38 (230) 0.55 (166)
24 0.42 (239) 0.44 (247) 0.49 (268) 0.51 (250) 0.39 (233) 0.59 (166)

n = sample sizes.

Table 3. Comparative proportions of the total variability in length explained by mother’s height, father’s height or mid-parental height, from separate
models that include selected factors*

Country Between Within

Mid-parental Mother Father Mid-parental Mother Father

Brazil 13.1 8.3 8.6 3.8 2.2 2.7
Ghana 10.8 6.4 6.6 6.5 4.2 3.8
India 20.7 14.5 13.2 5.3 3.5 3.7
Norway 18.1 12.4 9.2 4.8 3.9 2.2
Oman 12.2 3.4 9.2 2.9 0.9 2.2
United States 18.4 11.3 8.0 10.4 6.4 5.2

*Results from separate fitted generalized linear models with repeated measures (6, 9, 12, 18 and 24 months) including the following variables:
household income, sex, birthweight, mother’s age mother’s education, pregnancy diagnosed any time between 14 days and 24 months post-
partum, parity, duration of breastfeeding, child morbidity, diet diversity (between 6 and 9 months, 9 and 12 months, 12 and 18 months, and 18 and
24 months), and number of times the child received nutrient supplementation between 6 and 24 months.
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Oman paternal height compared with maternal
height accounted for thrice the between-child and
about twice the within-child variability. The inverse
relation was observed in the United States and
Norway, but differences were smaller. The propor-
tions of within-child variability explained by any of
the three variables always were highest in the United
States.

Figure 1 compares mid-parental stature with twice
their child’s attained length at 2 years. No significant
differences between those values were observed in
Norway and the United States. For the other sites,
predictions of adult height from the child’s stature at
2 years exceeded mid-parental heights by 6.2–7.8 cm.

Table 4 presents the proportion of between-child
variability in attained length explained by the child’s
sex, birthweight and mid-parental height. Also listed
are all factors that were significant at the 5% level
considering both between- and within-child analyses
of variance. Of all the variables in the model, mid-
parental height consistently explained the greatest
proportion of between-child variability. It also regu-
larly appeared as significant in the within-child analy-
ses of variance results. The proportions of variability
accounted for by mid-parental height ranged from
2.9% in Norway to 10.4% in the United States. No
other factor examined was as consistent in explaining
significant proportions of observed variability.

Discussion

The value of the WHO Growth Standards resides in
the demonstrated remarkable similarity in the linear
growth potential of diverse populations (WHO
Multicentre Growth Reference Study Group 2006c).
When that potential is achieved, the complex, quan-
titative nature of linear growth’s genetic regulation
suggests that the bulk of observed variation in
attained stature will be found among individuals
rather than among populations (King & Motulsky
2002; Cooper et al. 2003; Jorde & Wooding 2004). In
fact, analysis of the MGRS data estimated the propor-
tions of total variability attributable to sites and
individuals within sites as 3% and 70%, respectively,
justifying the pooling of inter-site data to construct
the WHO Child Growth Standards (WHO
Multicentre Growth Reference Study Group 2006c).
Furthermore, the significant genetic influence on
linear growth was evident in the consistency and
strength of relationships between mid-parental height
and their progeny’s growth, even in populations with
significant gaps between mid-parental heights and
adult heights predicted by the children’s length at
2 years.

The present analyses were carried out using site-
specific models considering that some of the factors
are not comparable in absolute terms between sites,

Fig. 1. Means (points) and standard devia-
tions (bars) of the difference between two
times the height of the child at 2 years and
the mid-parental height by site.
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for example, household income, mother’s education
and dietary diversity (food group composition). Thus,
the summary of findings across countries is purely
descriptive as comparisons are not supported by
formal statistical tests of interactions.

The analyses included in this report support
the ability of populations with histories of poor
growth to respond rapidly and positively to condi-
tions that favour normal growth. Correlations
between mid-parental height and child length are
expected to be highest among individuals whose
stature likely reflects their genetic potential, and
lowest among those whose adult height largely
reflects the experience of poor nutrition and/or envi-
ronments during gestation and/or childhood yet
whose progeny experience conditions supportive of
healthy growth. The present results are consistent
with these expectations, that is, the highest correla-
tions between mid-parental and child stature were
observed in sites with the highest parental stature;
the lowest were observed in sites with the shortest
parental stature, but whose children experienced

healthy growth patterns through 2 years of age. Dif-
ferences in mid-parental heights between sites were
greatest between Norway and each of the four less
economically developed study sites, namely Brazil,
Ghana, India and Oman. The greatest difference,
which was 12.4 cm between Norway and Oman, was
equivalent to approximately three standard devia-
tions (SDs) of the distribution of Omani mid-
parental heights. Predicted adult stature on the basis
of children’s height at 2 years of age (Tanner et al.
1970; Roche et al. 1975) matched mid-parental
heights in the Norwegian and United States study
sites. This comparison supports the expectation that
in Norway and the United States, both child and
parents likely attained age-specific genetic potential
in stature. Notwithstanding likely adverse conditions
experienced by parents in the other study sites,
the differences of 6.2–7.8 cm in the children’s
favour underscore the attainability of significant
advances in child stature within one generation
when care and nutrition approximate international
recommendations.

Table 4. Proportion of the total between children variability in length accounted for by sex, birthweight and mid-parental height, and various factors
selected on the bases of results obtained of analyses of variance* (between and within children), by site

Country N
(months)

Sex† Birthweight† Mid-parental
height†

Significant factors

Brazil 229 5.4 10.9 13.1 Between Sex, birthweight, mid-parental height, pregnant‡; diet diversity
6–9 months

Within§ Sex, mid-parental height
Ghana 231 5.4 7.2 10.8 Between Sex, birthweight, mid-parental height, pregnant‡

Within§ Sex, mid-parental height, duration of breastfeeding
India 257 9.8 10.7 20.7 Between Sex, birthweight, mid-parental height

Within§ Sex, mid-parental height, mother’s age, duration of
breastfeeding

Norway 224 4.8 5.8 18.1 Between Sex, birthweight, mid-parental height
Within§ Mid-parental height, duration of breastfeeding

Oman 224 6.0 5.5 12.2 Between Sex, birthweight, mid-parental height
Within§ Sex, mid-parental height, mother’s education, duration of

breastfeeding, diet diversity 18–24 months, nutrient
supplementation

United
States

161 11.5 13.1 18.4 Between Sex, birthweight, mid-parental height, parity
Within§ Mid-parental height, parity, duration of breastfeeding

*Results from separate fitted generalized linear models with repeated measures (6, 9, 12, 18 and 24 months) including the following variables:
household income, sex, birthweight, mother’s age mother’s education, whether mother got pregnant any time between 14 days and 24 months,
parity, duration of breastfeeding, child morbidity, diet diversity (between 6 and 9 months, 9 and 12 months, 12 and 18 months, and 18 and 24
months), and number of times the child received nutrient supplementation between 6 and 24 months. †Sums of squares (type III) based on the
between-children analysis of variance. ‡Pregnant = the mother got pregnant with the next child during the follow up (any time between 14 days
and 24 months). §Greenhouse–Geisser correction was used for the F-tests.
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An alternative explanation for these observations
is that observed inter-site, mid-parental height dispar-
ities reflect genetic and/or epigenetic differences that
are not expressed fully until after two years of age. A
Working Group convened by WHO and the United
Nations University’s Food and Nutrition Program
examined in detail the possibility that genetic differ-
ences were the principal basis for global disparities in
adult stature (Butte & Garza 2006). The working
group concluded that environmental rather than
genetic causes were the likelier explanation for global
population differences in adult stature, but that a
study specifically designed to test that hypothesis was
necessary. The best evidence in support of environ-
mental rather than genetic causes is the documented
steady increase in mean adult stature that accompa-
nies relatively rapid advances in nutritional and envi-
ronmental health (Schmidt et al. 1995; Cole 2003;
Larnkaer et al. 2006; Kagawa et al. 2011). It is likely
that the tempo of normalization of a population’s
adult stature reflects the rate at which nutritional and
environmental improvements spread within popula-
tions and the possible impact of epigenetic influences.

As for epigenetic influences on growth, reviews
(Waterland & Garza 1999; Hochberg et al. 2011) of
intermediate and long-term consequences of pre- and
post-natal environmental and/or nutritional experi-
ences identify epigenetic and other mechanisms as
being responsible for the phenotypic plasticity of
genetic endowments and putative trans-generational
impacts of those experiences. If epigenetic influences
play a role in secular growth trends, trans-
generational impacts on length at 2 years of age
appear limited to the equivalent of less than 0.5 SD of
the multi-site distribution of child length observed in
studies that contributed to the development of the
WHO Child Growth Standards (WHO Multicentre
Growth Reference Study Group 2006c). However,
this observation may not be universally applicable;
e.g. deviations may well exceed 0.5 SD in populations
with larger mid-parental height differences than those
found in the MGRS.

Considerations that focus on disparities between
parental growth experiences and those of their pro-
geny’s first two or three post-natal years may raise
concerns related to potential risks of rapid growth

induced by efforts to normalize the stature of children
whose parents likely experienced growth stunting.
Such concerns are prompted most often by evidence
that rapid weight gain in early life is associated with
higher risks of childhood obesity and some chronic
diseases of adult onset (Barker et al. 2005; Owen et al.
2005; Ekelund et al. 2007). Although limited, pub-
lished data support the view that simultaneous pro-
portional ‘catch-up’ gains in weight and stature do not
entail similar risks (Jaquet et al. 2005). Furthermore,
we are not aware of any data suggesting that substan-
tial catch-up growth characterized by proportional
gains in weight and stature presents acute or longer-
term health risks.

In sum, children enrolled in the MGRS showed
remarkably similar growth patterns from birth to 2
years of age despite large differences in parental
stature among the six MGRS sites. This observation
and favourable comparisons between mid-parental
heights and the children’s projected adult height
(based on children’s height at 2 years of age) support
the view that the prescribed care that characterized
the MGRS populations (e.g. exclusive or predomi-
nant breastfeeding, implementation of recommended
complementary feeding practices, and adoption of
recommended paediatric care) eliminated or mini-
mized significant environmental causes that account
for substantial population level differences in child
growth. The favourable socio-economic status of
families included in the study is also likely to have
resulted in an improved nutritional status of mothers
before and during pregnancy.These results show that,
notwithstanding adverse conditions likely experi-
enced by their parents, within one generation, com-
munities can attain significant advances in children’s
linear growth, at least up to the age of 2 years,
when care and nutrition approximate international
recommendation.
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