
(falling). This process occurs in diverse condi-
tions, some physiological, such as in embryonic
development and involutional processes; and
others pathological, as in immune mediated
cell killing, and ischaemic injury. In their
review article Nicholas D Mazarakis and
colleagues (see p F165) highlight the broad
spectrum of neurological disorders where
apoptosis is a feature, including hypoxic-
ischaemic brain injury in the newborn. The
importance of learning more about this form of
cell death is that if eVective antiapoptotic
strategies were available they would be poten-
tially applicable to a wide range of disorders.
If, as we have seen, fetal nutrition influences

health in adulthood it is reasonable to ask to
what extent aging, in this context biological
senescence, occurs in the placenta. This
subject is reviewed by Harold Fox (see pF171)
who indicates that, far from senescence, the
term placenta shows continuing DNA synthe-
sis, and persisting villous growth and expansion
of villous surface area. He refutes the widely
held notion that, come 40 weeks’ gestation, the
placenta goes into a decline, both functionally
and anatomically. Indeed, he draws attention to
fetal macrosomia in prolonged pregnancy. He
argues that the classical clinical syndrome of

‘postmaturity’ (now uncommon) is related to
oligohydramnios, for which the placenta
should not take the blame as there is no
evidence that in late pregnancy it has a role in
the production of amniotic fluid, or in the con-
trol of its volume.
In conclusion, high quality epidemiological

research during the next decade will present us
with many intriguing discoveries about the
influence of fetal and early childhood exper-
ience on diseases in adult life. We need also to
tease out similarities of biological mechanisms
of disease processes in the young and the
elderly. Treatment strategies aimed at manipu-
lating biological processes may be common to
both. Stroke in the elderly and hypoxic-
ischaemic brain damage in the newborn is but
one example. We should also acknowledge the
notion that ‘dependency’ provokes similar psy-
chosocial problems at the two extremes of life
including neglect and abuse. The basic science
that governs the state of dependency of the very
young and the elderly has similarities that
might be exploited to provide improved
preventive and management strategies for
both, even though there will be diVerences in
detail.

Child to adult body mass index in the 1958
British birth cohort: associations with parental
obesity

Julie K Lake, Chris Power, Tim J Cole

Abstract
Objectives—To assess relations between
the adiposity of children and their parents
and to establish whether tracking of
adiposity from childhood to adulthood
varies according to the parental body
mass index (BMI).
Methods—Longitudinal data from the 1958
British birth cohort study were used (6540
men and 6207 women). The height and
weight of the study subjects weremeasured
at 7, 11, 16, 23 (self reported), and 33 years.
Parental height and weight were self
reported when their children were 11 years
old. The children were classified into six
parental BMI (weight/height2) groups.
Results—At each age of follow up the
mean BMI of the children increased as the
parental BMI increased. Higher risks of
adult (33 year) obesity were evident
among children with overweight or obese
parents: the odds for sons and daughters
with two obese parents (compared with
those with both parents of normal BMI)

were 8.4 and 6.8, respectively. The chil-
dren of two obese parents also showed the
strongest child to adult tracking of BMI as
indicated by the correlation between ages
7 and 33 (r = 0.46, 0.54, sons and
daughters, respectively).
Conclusions—The children of obese and
overweight parents have an increased risk
of obesity. Subjects with two obese parents
are fatter in childhood and also show a
stronger pattern of tracking from child-
hood to adulthood. As the prevalence of
parental obesity increases in the general
population the extent of child to adult
tracking of BMI is likely to strengthen.
(Arch Dis Child 1997;77:376–381)

Keywords: body mass index; child to adult tracking;
obesity; parent

Obesity is a common nutritional disorder
and is an important risk factor for several
chronic diseases.1 2 Thus factors influencing the
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development of obesity have been sought with
the aim of identifying appropriate prevention
strategies. Among factors linked to obesity in
childhood and adolescence are parental
obesity,3–13 poor paternal education,14 parental
neglect,15 poor quality housing,16 learning diY-
culties,17 minority ethnicity,3 18 fewer
siblings,19 20 excessive television viewing,21–24 a
high protein intake in infancy,25 and short sleep
duration.21 Parental obesity has been identified
as a predominant risk factor, with childhood
fatness increasing linearly with an increasing
level of parental fatness.3 4 9 10 Children with two
obese parents have higher risks of obesity than
those with one or neither parent obese.3 6 Some
studies suggest diVerential eVects of maternal
and paternal obesity,10 26 but this is not a
consistent finding.3 7 10 12 Parent-child adiposity
correlations also appear to increase with the age
of the child.3

Most studies of parental obesity have been
cross sectional, however, in that childhood data
are available for only one age. Consequently, it
is not known whether parental obesity aVects
the child-adult adiposity trajectory of their oV-
spring. Published data on the tracking of
adiposity from childhood to adulthood, al-
though extensive, does not address this issue,
but it does show a moderate relation between
early and adult life.27 28 The purpose of this
study was to assess relations between the
adiposity of children and their parents and to
establish whether the tracking of adiposity from
childhood to adulthood varies according to
parental obesity status. We used data from the
1958 British birth cohort study, a longitudinal
sample for which we have previously reported
child-adult associations for body mass index
(BMI) and height.29

Subjects and methods
SAMPLE

The 1958 British birth cohort study includes
all children born in Scotland, Wales, and Eng-
land between 3 and 9 March 1958.30 From a
target population of 17 733 births, information
was obtained on 98%.Major follow ups of sur-

viving children were conducted at the ages of 7,
11, 16, 23, and 33 years.31 Immigrants to Brit-
ain born during the same week in 1958 were
incorporated into the survey at ages 7, 11, and
16. Sample attrition has occurred, but despite
this the representativeness of the study has
been maintained, in general, through to the age
of 33 years, when 11 407 subjects (69% of the
target population) provided information.
There is some evidence to suggest a slight
under representation of ‘disadvantaged’ sub-
jects.31 Information at ages 23 and 33 years was
obtained through an interview with the study
subjects. Previous sweeps collected data from
several sources, including parents and schools
(teachers and doctors), as well as from the
individual subjects.

MEASURES

The heights and weights of the cohort
members (the oVspring) were measured by
trained medical staV at 7, 11, and 16 years. The
subjects were weighed in their underclothes to
the nearest pound, and their height was meas-
ured to the nearest inch. Self reports of height
and weight were obtained at the age of 23 years
and were checked to detect coding errors.32

These self reports are in agreement with the
measured heights in a national sample of Brit-
ish adults surveyed in 1980.33 At the age of 33
years, heights were measured without shoes
using a stadiometer reading to the nearest cen-
timetre, and weights were measured in indoor
clothing using Salter portable scales. The dates
of measurement were recorded at the ages of 7,
11, and 16 years.
The heights and weights of the parents were

self reported when their children were aged 11
years in 1969. Heights were reported to the
nearest inch; weights were classified into one of
27 groups ranging from 6 stone 4 pounds (39.9
kg) to 19 stone 10 pounds (125.2 kg) in incre-
ments of 6 pounds (2.7 kg). For the purpose of
estimating Quetelet’s BMI (defined as weight/
height2), the parents were assigned a weight
equivalent to the midpoint of their weight
group. The BMI was calculated at a single time

Table 1 BMI groups (cut oVs, percentages, and numbers) for mothers and fathers of the 1958 birth cohort

Father Mother

Cut oV No (%) (n=12948) Cut oV No (%) (n=13368)

Underweight < 20.0 504 (3.9) < 18.7 749 (5.6)
Normal weight > 20.0 and < 24.9 6933 (53.5) > 18.7 and < 23.7 6555 (49.0)
Overweight > 24.9 and < 27.7 3555 (27.5) > 23.7 and < 27.6 3982 (29.8)
Obese* > 27.7 1956 (15.1) > 27.6 2082 (15.6)

* Defined by the 85th centile.

Table 2 No (%) and means in the six parental BMI groups

Parental BMI groups

Sons Daughters

No (%) (n=6540)

Mean BMI

No (%) (n=6207)

Mean BMI

Father Mother Father Mother

One underweight 481 (7.4) 21.9 19.5 486 (7.8) 21.6 19.7
Both normal 1844 (28.2) 22.9 21.6 1781 (28.7) 22.9 21.5
One overweight 1807 (27.6) 24.5 23.5 1723 (27.8) 24.4 23.6
Both overweight 583 (8.9) 26.2 25.3 545 (8.8) 26.2 25.3
One obese 1609 (24.6) 26.7 27.0 1482 (23.9) 26.9 26.7
Both obese 216 (3.3) 30.4 31.4 190 (3.1) 30.4 31.3
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for the parents (that is, when their children
were aged 11 years) and at each of the five ages
of follow up for the children. Parental BMI was
first classified as underweight, normal, over-
weight, or obese, as defined by the 85th centile
(see table 1 for cut oVs). This particular cut off
corresponds to the centile used to define obes-
ity in the USA,34 although the definition is
arbitrary and other centiles have been
suggested.28 The 85th centile ensured adequate
sample sizes in the obese groups. Six parental
obesity groups were then constructed (the
abbreviated names of these groups are given in
quotes and these are used throughout this
paper). These are ordered in increasing paren-
tal fatness based on the combination of the
mother’s and father’s mean BMI (see table 2
for means): (a) ‘one underweight’—one parent
underweight, one not obese (that is, under-
weight, normal, or overweight); (b) ‘both
normal’—both parents of normal BMI; (c)
‘one overweight’—one parent overweight, one
of normal BMI; (d) ‘both overweight’—both
parents overweight; (e) ‘one obese’—one par-
ent obese, one not obese (that is, underweight,
normal, or overweight); and (f) ‘both obese’—
both parents obese.

STATISTICAL METHODS

The relation between the BMI of the parents
and their oVspring was assessed using partial
correlation coeYcients, adjusted for measure-
ment date in childhood, at ages 7, 11, 16, 23,
and 33 years. To investigate the tracking of adi-
posity from child to adult life, in relation to
parental obesity status, partial correlation coef-
ficients were then calculated between the
child’s BMI at ages 7 and 33 years (adjusted for
measurement date at age 7 years) separately
for each of the six parental obesity groups.

To reduce the skewness of the BMI distribu-
tions, correlations were also calculated using
loge(BMI) and −1/BMI. Trivial diVerences
(−0.06 to 0.03) were found between
correlations using transformed and not
transformed BMIs, so only the latter are
presented. DiVerences in the correlation coeY-
cients (ages 7 and 33 years) between parental
obesity groups were tested using Fisher’s
transformation.35

Results
Table 1 shows that approximately 50% of par-
ents had BMIs in the normal range and, as
predetermined by the definition of parental
obesity, approximately 15% were obese. About
3% of the children had two obese parents, 9%
had two who were overweight, and over a quar-
ter had two parents of normal BMI (table 2). In
general, the mean BMIs were similar for
children with either an underweight, over-
weight, or obese mother or father, so these are
combined and reported as the one under-
weight, one overweight, or one obese parent
groups, respectively.
Table 3 shows that, in general, the mean

BMI of the children increases as the degree of
parental fatness increases. This is consistent for
sons and daughters at each age from 7 to 33
years. The largest diVerence between adjacent
groups in mean BMI was for those with both
parents obese compared with those with one
obese (range 0.8 to 2.5 kg/m2). The smallest
diVerence was found between children with
one underweight parent compared with both
with normal BMI (range 0.2 to 0.4 kg/m2).
DiVerences in mean BMI increased with
increasing age of the child—for example, 7 year
old daughters with two obese parents had a
mean BMI 9.7% greater than those with two

Table 3 Parental BMI groups and mean BMI (number of subjects) of oVspring at five ages (7 to 33 years)

Age of oVspring

Parental BMI group

One underweight Both normal One overweight Both overweight One obese Both obese

7 years
Sons 15.5 (404) 15.7 (1532) 15.9 (1512) 16.2 (491) 16.2 (1323) 17.0 (181)
Daughters 15.3 (408) 15.5 (1463) 15.8 (1429) 16.2 (461) 16.2 (1210) 17.0 (150)

11 years
Sons 16.4 (428) 16.7 (1650) 17.2 (1625) 17.9 (529) 17.9 (1447) 18.8 (188)
Daughters 16.6 (443) 17.0 (1613) 17.6 (1563) 18.1 (499) 18.4 (1336) 19.7 (167)

16 years
Sons 19.2 (336) 19.6 (1306) 20.2 (1242) 20.8 (418) 20.9 (1085) 22.4 (146)
Daughters 20.0 (330) 20.3 (1237) 21.0 (1211) 21.5 (369) 21.8 (1019) 23.8 (127)

23 years
Sons 22.2 (345) 22.2 (1360) 23.0 (1360) 23.5 (447) 23.9 (1179) 25.3 (156)
Daughters 21.1 (383) 21.3 (1401) 22.0 (1363) 22.6 (421) 22.9 (1147) 25.0 (151)

33 years
Sons 24.2 (313) 24.6 (1274) 25.6 (1167) 26.4 (406) 26.5 (1023) 28.5 (146)
Daughters 23.2 (349) 23.5 (1280) 24.4 (1240) 25.6 (379) 25.8 (1042) 28.3 (137)

Table 4 Odds ratios of obesity in oVspring at age 33 years for parental BMI groups

Parental BMI groups

Sons Daughters

Odds ratio
95% Confidence
interval Odds ratio

95% Confidence
interval

One underweight 1.29 0.77 to 2.17 0.95 0.63 to 1.44
Both normal* 1 — 1 —
One overweight 1.99 1.45 to 2.73 1.47 1.14 to 1.88
Both overweight 3.41 2.36 to 4.93 2.65 1.95 to 3.62
One obese 3.43 2.53 to 4.64 2.98 2.35 to 3.78
Both obese 8.42 5.47 to 13.00 6.75 4.57 to 9.96

* Baseline group: two normal BMI parents.
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normal BMI parents and this diVerence
increased to 20.4% at the age of 33 years. To
some extent the mean BMIs underplay large
diVerences in the risk of adult obesity at the age
of 33 years for those with obese or overweight
parents. The odds ratios for men and women
with two obese parents (relative to those with
normal BMI parents) were 8.4 (95% confi-
dence interval 5.5 to 13.0) and 6.8 (4.6 to
10.0), respectively (table 4).
Table 5 shows further the association

between parental BMI and that of their
children. This shows weak correlations, rang-
ing from 0.15 to 0.25 at the diVerent ages of the
children. From the age of 11 years onwards, the
daughters’ BMI was more strongly correlated
with the BMI of their mother than with their
father. A similar, but weaker, pattern was
evident for the sons. Correlations with moth-
ers’ BMI was similar for sons and daughters at
all ages, but the father-son correlations in
adulthood were significantly stronger than
those for father-daughter (p <0.05).
Table 6 shows the extent of tracking between

childhood and adulthood for the children
according to parental BMI. It presents correla-
tions of oVspring BMI between the ages of 7
and 33 years for each of the six parental BMI
groups. In general, daughters have slightly
stronger BMI correlations than sons. Long
term associations, denoted by the 7 to 33 year
correlation, tend to be moderate and similar for
those with both parents with normal BMI
(0.25 for sons, 0.32 for daughters). Child to
adult correlations are strongest for both sons
and daughters with two obese parents (0.46 for
sons, 0.54 for daughters) and diVer signifi-

cantly from the group with two normal BMI
parents.

Discussion
Most investigations of the tracking of BMI
from childhood to adulthood report only weak
to moderate associations.27 28 This is apparent
from the literature review of Serdula et al.27 In
agreement with this, we reported elsewhere for
this large nationally representative birth cohort
sample that associations between child and
adult BMI were only moderate (r = 0.33 for
men and r = 0.37 for women).29 Thus it is no
surprise that in the present analyses child to
adult BMI correlations are low to moderate for
the 28% of subjects whose parents are both
within the normal BMI category (correlation
coeYcients between ages 7 and 33 years, r =
0.25, 0.32, sons and daughters, respectively).
For the smaller percentage (3%) with both
parents obese, however, the associations be-
tween child and adult BMI were considerably
stronger (r = 0.46, 0.54, sons and daughters,
respectively). This suggests that, compared
with those with parents in the other parental
obesity groups, the prediction of adult BMI
from that in childhood is much better for chil-
dren with two obese parents and that the
stronger tracking of BMI over the life course
indicates less variable BMIs among these chil-
dren. Thus we would expect the fattest
children to be more likely to stay in the upper
BMI centiles throughout life (indicated by the
stronger correlation between BMI at 7 and 33
years). Subjects with one obese parent resem-
bled those with two parents with normal BMI
showing a weaker child to adult BMI relation,
although at each age their mean BMI was
intermediate between those with two normal
BMI parents and those with two obese parents.
It is, of course, well known that parental
adiposity is related to that of their oVspring,3–13

but the extent to which parental obesity
influences the BMI trajectory of their children
does not appear to have been documented pre-
viously.
The stronger BMI child to adult correlation

observed here for the group with obese parents
has important implications. When the preva-
lence of parental obesity is relatively low, as in
the present study, the overall trend is domi-
nated by the moderate correlations of the nor-
mal BMI groups. Under these circumstances
the identification and prevention of childhood
fatness may not be seen as an important strat-
egy for the prevention of adult obesity. When
the prevalence of obesity among parents
increases, however, as is now happening in sev-
eral developed countries,36–40 then the pattern
of tracking from childhood to adulthood will be
more influenced by the stronger child-adult
relations shown here for those with obese par-
ents. Using a standard definition for parents
and their oVspring at the age of 33 years, it is
estimated that the prevalence of two obese par-
ents in the 1958 cohort has doubled from 1969
to 1991 (3.2 to 6.0%). Thus the child to adult
tracking of BMI is likely to strengthen in the
next generation—that is, among the oVspring
of 1958 birth cohort members.

Table 5 Partial BMI correlations between parents and
oVspring at five ages (7 to 33 years). Adjusted for date of
measurement of oVspring at ages 7, 11, and 16

Age of oVspring

Correlation (No of subjects)

Father Mother

7 years
Sons 0.15 (5513) 0.16 (5658)
Daughters 0.15 (5177) 0.15 (5353)

11 years
Sons 0.18 (5966) 0.23 (6126)
Daughters 0.17 (5695) 0.25 (5898)

16 years
Sons 0.20 (4611) 0.22 (4727)
Daughters 0.20 (4350) 0.23 (4512)

23 years
Sons 0.21 (4924) 0.24 (5030)
Daughters 0.17 (4943) 0.25 (5087)

33 years
Sons 0.20 (4403) 0.21 (4496)
Daughters 0.15 (4491) 0.24 (4644)

Table 6 Partial correlations between ages 7 and 33 for
parental BMI groups. Adjusted for date of measurement of
oVspring at age 7 years

Parental BMI groups

Correlation (No of subjects) between
age 7 and 33 years

Sons Daughters

One underweight 0.19 (263) 0.38 (297)
Both normal 0.25 (1075) 0.32 (1062)
One overweight 0.33 (999) 0.34 (1045)
Both overweight 0.37 (350) 0.29 (322)
One obese 0.29 (858) 0.29 (865)
Both obese 0.46 (125) 0.54 (114)
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Only one other study was found that
provided information on the tracking of the
child’s BMI in relation to parental fatness with
which the present study can be compared.
Charney et al showed that of the fattest 25% of
infants (based on their weight status at 6
months), 51% were still overweight at the age
of 20 years for those with at least one
overweight parent, compared with 20% for
those with neither parent overweight.6 If we
compared a group of children consisting of
those with at least one obese parent with those
with no obese parent (that is, both with normal
BMI) in the current study, we would still show
stronger tracking in the former group, which is
consistent with the results of Charney et al.6

There is extensive evidence showing a
parent-child relation for BMI at a particular age
in childhood.3 4 9 10 Stunkard et al found ap-
proximately linear relations with the BMI of
adult adoptees and the BMI of biological
parents, but not the adoptive parents, which
they attribute to a strong genetic influence.9 In
the present investigation the mean BMI of the
children increased linearly with the number of
obese parents: 7 year old boys with parents
within the normal BMI range had a mean BMI
of 15.7, increasing to 16.2 for those with one
obese parent and to 17.0 for those with two
obese parents. This trend strengthened slightly
with increasing age. Focusing on adult obesity
at the age of 33 years, the population attribut-
able risks associated with having one obese par-
ent were 37% and 32% for men and women,
respectively, whereas the attributable risks asso-
ciated with the small percentage (3%) with both
parents obese were 20% and 15% (sons and
daughters, respectively). For obesity among the
oVspring therefore, there appears to be a
substantial risk associated with parental BMI.
These risks are obscured to some extent

when the overall relation between parent and
child BMI is examined: in the 1958 birth
cohort 2–6% of the variability in the children’s
BMI is explained by the parental BMI. Corre-
lations reported here between child and paren-
tal BMI were weak (r = 0.15–0.25), as has been
shown previously.3 10 12 26 41 Mother-child corre-
lations were slightly stronger than father-child
correlations. This greater influence of maternal
adiposity is consistent with some studies,10 26

but not all.7 10 12 In the present study the
stronger maternal correlations may be due to
the poorer quality of the father’s height and
weight data. The adequacy of the self reported
parental height and weight data is a limitation
in this investigation. Self reported data tends to
underestimate BMI and hence obesity as
height tends to be overestimated and weight
underestimated.42 Thus a data validation check
was undertaken for the mothers for whom
measured and self reported heights were avail-
able in 1958 and 1969: the correlation was
weaker than expected (r = 0.79) with an asso-
ciated measurement error of 3 cm. Reported
parental weights are likely to be less precise,
partly because they were recorded in categories
with the exact weight unknown. It is unlikely,
however, that the relation described here will
be aVected by an underestimation of the abso-

lute value of the BMI because the obese group
was defined using a population specific relative
value, namely the 85th BMI centile. The limi-
tations of the self reported data do not appear
to have had a major eVect on the relations that
are of interest because, as mentioned earlier,
the parent-child correlations are consistent
with other studies based on measured heights
and weights.41

In conclusion, the children of obese parents
are at increased risk of obesity throughout
childhood and early adult life, particularly if
both parents are obese. Tracking of BMI from
the age of 7 to 33 years among the children
with two obese parents was much stronger than
for those with two parents of normal BMI,
suggesting that the BMIs of this group are less
variable with increasing age. At present, this
stronger tracking pattern is not predominant,
at least within this British population, therefore
the prevention of adult obesity is not strongly
influenced by the prevention of childhood
fatness.29 As the prevalence of obesity increases
among adults, their oVspring are likely to be
aVected by the stronger child-adult relations
shown here. In this instance, in which the
prevalence of obesity is relatively high, the pre-
vention of adult obesity may be more depend-
ent on the identification and prevention of fat-
ness in childhood.

The study was funded by the Medical Research Council. C P is
supported by the Canadian Institute for Advanced Research as
a Weston Fellow.
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Birth weight and body fat distribution in
adolescent girls

M Barker, S Robinson, C Osmond, D J P Barker

Abstract
Objective—To examine the association
between birth weight and body fat distri-
bution in a group of adolescent girls.
Design—A total of 216 white girls who were
born in Southampton had their heights,
weights,waist and hip circumferences, and
skinfold thicknesses measured when they
were aged between 14 and 16 years.
Results—The girls who were smallest at
birth, but who were fattest at time of
measurement were the most centrally
obese. In girls whose body mass index was
above the median (21 kg/m2), the sub-
scapular to triceps skinfold ratio rose by
9% for every kilogram decrease in birth
weight. Among overweight girls, with a
body mass index over 25, the ratio rose by
27% for every kilogram decrease in birth
weight.
Conclusion—In adolescent girls, the ten-
dency to store fat on the trunk rather than
the limbs, seems to be programmed by
growth in fetal life, and is most evident in
those who are overweight.
(Arch Dis Child 1997;77:381–383)

Keywords: birth weight; adolescence; body fat distribu-
tion

Low weight at birth is associated with the
development of non-insulin dependent
diabetes and the insulin resistance syndrome in
adult life.1 Central obesity is a component of
this syndrome. This is one of the observations
that has led to the hypothesis that non-insulin
dependent diabetes and cardiovascular disease
are ‘programmed’ by events in fetal life that
lead to persisting changes in the body’s
structure and metabolic function.
A number of studies suggest that low birth

weight is associated with a central pattern of
fat distribution. Increased central fat deposi-
tion, indicated by a high ratio of subscapular to
triceps skinfolds has been found in 7–12 year
old children in the USA who were born small,2

and also in young adult Mexican-Americans.3

Higher waist circumference4 and higher waist
to hip ratio5 6 have both been associated with
low birth weight in adults. These findings sug-
gest that impaired fetal growth leads to
increased deposition of fat on the trunk in
adult life. A recent case-control study of ado-
lescents in the UK produced findings incon-
sistent with this hypothesis.7 There were no
diVerences in the body fat distribution of low
birthweight adolescent girls and boys and nor-
mal birthweight adolescent controls.7 DiVer-
ences in study design make it diYcult to
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