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Fetal and early life growth and body mass index from
birth to early adulthood in 1958 British cohort:

longitudinal study

Tessa J Parsons, Chris Power, Orly Manor

Abstract

Objectives To determine the influence of birth weight
on body mass index at different stages of later life;
whether this relation persists after accounting for
potential confounding factors; and the role of
indicators of fetal growth (birth weight relative to
parental size) and childhood growth.

Design Longitudinal study of the 1958 British birth
cohort.

Setting England, Scotland, and Wales.

Participants All singletons born 3-9 March 1958

(10 683 participants with data available at age 33).
Main outcome measures Body mass index at ages 7,
11, 16, 23, and 33 years.

Results The relation between birth weight and body
mass index was positive and weak, becoming more J
shaped with increasing age. When adjustments were
made for maternal weight, there was no relation
between birth weight and body mass index at age 33.
Indicators of poor fetal growth based on the mother’s
body size were not predictive, but the risk of adult
obesity was higher among participants who had
grown to a greater proportion of their eventual adult
height by age 7. In men only, the effect of childhood
growth was strongest in those with lower birth weights
and, to a lesser extent, those born to lighter mothers.
Conclusions Maternal weight (or body mass index)
largely explains the association between birth weight
and adult body mass index, and it may be a more
important risk factor for obesity in the child than
birth weight. Birth weight and maternal weight seem
to modify the effect of childhood linear growth on
adult obesity in men. Intergenerational associations
between the mother’s and her offspring’s body mass
index seem to underlie the well documented
association between birth weight and body mass
index. Other measures of fetal growth are needed for
a fuller understanding of the role of the intrauterine
environment in the development of obesity.

Introduction

Intrauterine life is a critical period for the development
of obesity later in life." Growth in utero is summarised,
albeit crudely, by birth weight, which, if related to fatness
later in life, might implicate the fetal environment in the
development of obesity. The relation between birth
weight and fatness, measured in childhood or adult-
hood, is generally positive, although it is variable in mag-
nitude.** A possible reason for this variability is that the
strength of the relation may depend on the age at which
fatness is measured. More importantly, several factors,
such as gestational age, parental body size, and
socioeconomic status, may confound the relation
between birth weight and later fatness. Few studies have
attempted to account for these factors,” * and our under-
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standing of the relation remains limited. Some studies
report a J shaped or U shaped relation, with a higher
prevalence of obesity seen for the lowest and highest
birth weights,"® suggesting a more complex association
between growth in utero and obesity. One possibility is
that birth weight does not adequately reflect the effect of
intrauterine environment on growth, and other indica-
tors may be more appropriate. A potentially useful
approach is to examine birth weight relative to genetic
potential, indicated by the size (height, weight, or body
mass index (weight (kg)/(height (m)*) of the parents or
by the individual’s adult body height.

Failure to realise growth potential has previously
been found to be more strongly related to high blood
pressure than to birth weight.” Other studies implicate
faster, earlier childhood growth in the development of
obesity,""* yet few studies have tried to assess how pat-
terns of growth in utero and in childhood affect the
risk of obesity. The aims of this study were to establish
whether birth weight is related to subsequent body
mass index at different life stages (from childhood to
early adulthood), whether the relation between birth
weight and adult body mass index at age 33 persists
after accounting for potential confounding factors, and
whether indicators of fetal growth, represented by a
combination of birth weight and parental size, adult
height, or growth in childhood, are related to adult
obesity.

Participants and methods

We used data from the 1958 British birth cohort, which
included all children born in England, Scotland, and
Wales in the week of 3-9 March 1958.” ' Information
was obtained on 17 414 (98.2%) births of the target
population (17 733 births). Major follow ups of surviving
children were conducted at ages 7, 11, 16, 23, and 33
years.” At age 33, 11 407 (72.8%) participants from a
target sample of 15 667 subjects provided information.
We excluded multiple births (n =446) from all analyses.
Attrition of the sample has resulted in a slight
under-representation of those participants who are
most disadvantaged, but the remaining sample is gener-
ally representative of the original sample.” The present
study is largely concerned with participants with data
available about body mass index at age 33. Mean body
mass index and associations between birth weight and
body mass index at each age in the subset were similar to
those for the larger dataset. For example, when we com-
pared the sample with data at age 33 (n= 10 683) with
the sample with data at age 7 (n= 12 985), men who had
data at age 33 had a mean body mass index of 15.94 (SD
1.58) kg/m® at age 7, and all those with data at age 7 had
amean body mass index of 15.95 (1.63) kg/m” at age 7.
For women, mean body mass index at age 7 was 15.86
(1.89) kg/m’ for those with data at age 33, and 15.89
(1.91) kg/m* for all those with data at age 7.
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Body mass index

At ages 7, 11, and 16, heights (to the nearest inch) and
weights (in underclothes, to the nearest pound) were
measured by trained medical personnel. At age 23,
weight and height were reported by the participants
themselves. At age 33, height was measured to the near-
est centimetre, and weight was measured, with indoor
clothing but without shoes, to the nearest 0.1 kg. Data at
ages 23 and 33 were checked to detect coding errors.” 7
Body mass index values for women who were pregnant
at age 33 (n=256) were excluded. Obesity at age 33 was
defined as body mass index =30."

Fetal and early life growth

Birth weights were recorded in pounds and ounces by
the midwives in charge of the deliveries, and we
converted the values to grams. Growth in utero was
also expressed as birth weight (in three groups divided
by tertiles) relative to parental size—height, weight, or
body mass index—or to the individual’s own subse-
quent growth—height at age 33 and the percentage of
adult height achieved by age 7 (given as (height at age
7/height at age 33)x100).

Potential confounding factors

Gestational age, parental fatness, socioeconomic status,
maternal smoking during pregnancy, parity, and
mother’s age at the time of birth were identified from
the literature as potential confounding factors.

Gestational age: Gestational age was the number of
days from the date of the first day of the mother’s last
menstrual period.

Parental body size: Maternal height without shoes
was measured, and weight before pregnancy was
reported by the mother, in categories of one stone,
shortly after the birth of the cohort member. In 1969,
when the child was 11 years old, the heights and
weights of both parents were reported by the mother.
Height was reported to the nearest inch, and 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). To estimate body mass index, parents were
assigned a weight equivalent to the midpoint of their
weight group.

Socioeconomic status: Social class was defined in
terms of the father’s occupation according to the 1951
registrar general’s classification.” We used five catego-
ries in our analyses—classes I and II (professional and
managerial), II-NM (skilled non-manual), II-M
(skilled manual), IV and V (semi-skilled and unskilled
manual), and those recorded as having “no male head
of household”

Maternal smoking: Maternal smoking after the
fourth month of pregnancy was reported shortly after

Table 1 Birth weight and body mass index of members of the 1958 British birth cohort
at 7, 11, 16, 23, and 33 years

Male Female

No Mean (SD) No Mean (SD)

Birth weight (g) 8429 3380 (0.57) 7954 3250 (0.55)
Body mass index (kg/m?):

7 years 6717 15.95 (1.63) 6268 15.89 (1.91)

11 years 6233 17.31 (2.41) 5982 17.66 (2.71)

16 years 5577 20.25 (2.73) 5233 21.02 (2.96)

23 years 5999 23.11 (2.91) 5599 22.07 (3.18)

33 years 5375 25.63 (4.01) 5308 24.60 (4.87)
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the cohort member’s birth, and the mother was catego-
rised as a non-smoker (<1 cigarette per day) or
smoker (=1 cigarette per day).

Maternal age and parity: The numbers of previous
births (live births and stillbirths after 28 weeks’
gestation) were reported in 1958. Maternal age was
treated as a continuous variable, and parity as
dichotomous—first child or not first child. Maternal
diabetes during pregnancy was recorded in 1958.

Statistical analyses

All analyses were performed using SPSS and were
carried out separately for male and female cohort mem-
bers. The association between birth weight and body
mass index was investigated using linear regression
models, and linearity was tested using a quadratic term
for birth weight. In all cases (except for men at ages 16
and 33 and women at age 7), the quadratic term was sig-
nificant, indicating non-linearity. We therefore inspected
the relation using alternative centile groups to identify a
categorisation that would best represent the shape of the
relation. Accordingly, birth weight was expressed for
each sex separately, in fifths or, where fifths were imprac-
tical for presentation, in thirds. Since the variance of
body mass index changes with age, we calculated sex
specific standard deviation scores for body mass index
for each subject to compare the relation between birth
weight and body mass index at each age. In further
analyses of body mass index at age 33, we examined the
effect of several potential confounding factors on the
relation between birth weight and adult body mass
index. Although all factors (except father’s body mass
index) were significantly related to birth weight in both
sexes (P <0.05), several factors (gestational age, father’s
height, and mother’s age and parity) were unrelated to
body mass index at age 33, and they were excluded from
further analyses. Only 20 mothers were recorded as hav-
ing diabetes during pregnancy; adjustment for maternal
diabetes made no difference to the findings. Additional
analyses showed that, when included simultaneously in a
linear model, parent’s weight and height had a similar
effect as their body mass index on their child’s body mass
index at age 33 (data not shown). Maternal weights and
heights recorded in 1958 were used rather than those
taken in 1969 in order to include a larger sample; results
were similar for data from both dates.

Role of fetal growth

The role of fetal growth was investigated by examining
the relation between birth weight and obesity for
different levels of paternal or maternal body size or for
the cohort member’s adult height. Poor fetal growth
would be implicated if the risk of obesity was increased
in children who had a lower birth weight than expected
(given their mother’s or father’s heights, weight, or
body mass index) or the height they achieved as an
adult. This was tested with an interaction term between
parental body size (or the adult height of the cohort
member), birth weight, and obesity at age 33 in a logis-
tic regression model, using obesity at age 33 as the
dependent variable. We also examined the effect of the
percentage of adult height achieved by age 7 on adult
obesity for different levels of birth weight.

All independent variables except birth weight were
treated as continuous, but for presentation purposes
they are displayed as fifths or thirds. The distribution of
body mass indices showed a slightly positive skew, so
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analyses were repeated after we transformed variables
to natural logarithms; the results were similar (data not
presented).

Results

Mean birth weight and body mass index are given in
table 1. At each age, body mass index increased with
increasing birth weight (table 2). As age increased, the
difference in mean body mass index, as determined by
sex specific standard deviation scores, between the lower
and middle thirds of birth weight disappeared, while the
difference between the lower and upper thirds fell but
remained significant through to age 33. The shape of the
relation changed with age, from a linear shape to a |
shape in women and tending towards a J shape in men.
The association was weak: in men 1.7% of the variance
(adjusted R*) was explained at age 7, falling to 0.3% at
age 33, with similar proportions seen in women.

In adulthood, body mass index increased with
increasing birth weight mainly at the heaviest birth
weights (fig 1). In men, an increase in birth weight of
0.5 kg from 3.7 kg to 4.2 kg resulted in an estimated
increase of 0.4 kg/m* in body mass index at age 33,
from 25.8 kg/m’ to 26.2 kg/m’. The relation between
birth weight and body mass index was unaffected by
the mother’s height (fig 2), age, or smoking habits,
father’s weight, or social class (data not shown). The
mother’s weight and body mass index had a marked
influence; when mother’s weight was adjusted for, the
difference between mean body mass index for the top
and bottom fifths of birth weight fell from 0.72 to 0.28
in men and from 0.77 to 0.13 in women, and was no
longer significant.

To further investigate the role of intrauterine
growth, we examined the relation between measures of
parental body size (height, weight, or body mass index),
birth weight, and obesity among cohort members at
age 33 using maternal body mass index as an example
(fig 3). There was a weak relation between birth weight
and adult obesity, which was similar for each third of
maternal body mass index (the interaction term of
birth weight by mother’s body mass index on obesity at
age 33 was not significant; P > 0.05). The risk of obesity
was not increased in children whose mothers had a
high body mass index but who had a low, rather than
high, weight at birth. Results were not affected when
body mass index at age 33 was used as a continuous
outcome or when alternative indicators of genetic
potential—father’s body mass index, mother or father’s
height or weight, mean parental height, or the height
of the cohort member at age 33 (data not shown)—
were used. These findings provide little evidence for a
relation between growth in utero and adult obesity.
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g 245 I I
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. 235
%0 1 2 3 4 5 1 2 3 4 5
n= 863 1108 920 1027 1019 n= 952 980 1214 796 974
Fifth of birth weight Fifth of birth weight

Fig 1 Relation between birth weight (fifths; lowest on left) and mean body mass index at age
33 in the 1958 British birth cohort. Bars indicate 95% confidence intervals. Cut offs for
quintiles 2950, 3290, 3520, and 3830 g in men and 2860, 3150, 3400, and 3660 g in women

— Unadjusted (P<0.001)

- - - Adjusted for maternal height (P<0.001)

----- Adjusted for maternal body mass index
Adjusted for maternal weight

Mean body mass index

Fifth of birth weight Fifth of birth weight

Fig 2 Influence of maternal height, weight, and body mass index on the relation between
birth weight (fifths; lowest on left) and mean body mass index at age 33 in the 1958 British
birth cohort. P values for comparison of mean body mass index between lowest and highest
fifths of birth weight

Childhood growth was related to adult obesity—
cohort members who achieved a greater percentage of
their adult height by age 7 tended to be heavier rather
than lighter at birth (data not shown) and had an
increased risk of obesity at age 33 (fig 4). When we
examined birth weight and subsequent childhood
growth simultaneously, we found that the effect of
childhood growth on adult obesity varied by birth
weight in men, with a stronger effect seen in those with
lower birth weights (fig 4). This pattern was less distinct
in women. The interaction term for percentage of adult
height achieved by age 7 with birth weight was signifi-
cant in men (P = 0.003) but not in women (P = 0.82). In
men, the relation between percentage adult height
achieved by age 7 and adult obesity also varied by
maternal weight or body mass index, with a stronger
relation seen in cohort members with lighter or

Table 2 Standard deviation score of body mass index in groups (thirds)* of birth weight in grams and body mass index in members
of the 1958 British birth cohort at 7, 11, 16, 23, and 33 years. Values are mean standard deviation scores of body mass index (95%

confidence interval)
Men

Women

Age (years) Lowest third Middle third Highest third

Lowest third Middle third Highest third

~0.12 (~0.16 to ~0.08)

~0.04 (~0.09 10 0.00)

0.17 (0.13 to 0.21

~0.13 (~0.17 to ~0.08)

0.00 (-0.08 to 0.14)

0.17 (0.13 to 0.22

~0.07 (~0.12 to —0.02)

~0.02 (<0.07 t0 0.03)

~0.01 (0.06 to 0.03)

-0.03 (-0.08 t0 0.02)

0.07 (0.03 to 0.12

7 ~0.16 (~0.20 to -0.12) —0.03 (<0.07 t0 0.01)  0.19 (0.15 to 0.24)
11 ~0.13 (~0.17 10 -0.08) —0.03 (~0.07 t0 0.01)  0.18 (0.14 t0 0.23)
16 ~0.11 (<0.16 t0 -0.07) —0.02 (<0.06 t0 0.03)  0.16 (0.11 to 0.20)
23 ~0.07 (-0.12 10 -0.02) —0.04 (-0.08 t0 0.00)  0.13 (0.08 to 0.18)
33 ~0.05 (-0.10 10 0.00)  —0.02 (-0.07 t0 0.02)  0.10 (0.05 to 0.15)

~0.04 (~0.09 to 0.01)

-0.04 (-0.09 to 0.01)

)
)
0.11 (0.06 to 0.16)
)
)

0.09 (0.04 to 0.14

*Tertile cut offs for birth weight: 1st tertile=3170 g in males and 3060 g in females; 2nd tertile=3630 g in males and 3460 g in females.

BM] VOLUME 323 8 DECEMBER 2001 bmj.com

1333

WBuAdos Aqg padaloid 1sanb Ad ¥20Z Yose 62 UO /W09 fug mmmy/:dny woly papeojumod “TO0Z Joqwiadad 8 Uo TEET'SZEL €2 Wa/9ETT 0T Se paysignd Isuy :CINg


http://www.bmj.com/

Papers

— Top third of maternal body mass index
- - - Middle third of maternal body mass index
----- Bottom third of maternal body mass index

Men Women

Prevalence of obesity (%)

4
Lowest Middle Highest Lowest Middle Highest
Third of birth weight Third of birth weight

Fig 3 Prevalence of obesity at age 33 by mother’s body mass index in 1958 and birth weight
in the 1958 British birth cohort. Cut offs for tertiles at 3170 and 3630 g in men and 3060 and
3460 g in women

—— Top third of birth weight
- = = Middle third of birth weight
----- Bottom third of birth weight

Prevalence of obesity (%)

4
Lowest Middle Highest Lowest Middle Highest

Third of % adult height at 7 years Third of % adult height at 7 years

Fig 4 Prevalence of obesity at age 33 by birth weight and percentage adult height at age 7 in
the 1958 British birth cohort

thinner mothers. The interaction term for childhood
growth with maternal weight on obesity at age 33 was
significant in men (P=0.04), but not in women
(P=10.26). In analyses using body mass index as a con-
tinuous outcome, these relations for growth in
childhood were also observed, but were less noticeable.

Discussion

The relation between birth weight and fatness has been
investigated in many studies covering a wide age range,
but comparisons are difficult owing to different defini-
tions and methods of analysis. Data from the 1958
cohort allowed us to assess the relation at several time
points within the same population. Because there is
extensive information about the cohort members and
their parents, we were able to investigate the issue of
confounding factors, which is an important gap in the
literature. We found a positive association between the
cohort member’s birth weight and body mass index
which seems to reflect the mother’s weight or body
mass index.

Other factors that we considered did not affect the
relation between birth weight and body mass index.
Fetal growth, estimated in terms of birth weight in com-
bination with parental body size, was unrelated to adult
obesity, but lighter babies were at a greater risk of obes-
ity if they achieved a greater, rather than a smaller, per-
centage of their adult height by age 7. Assessing fetal
growth is complex, and there is little consensus on which
measure should be used. Different measures may be
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appropriate for different subsequent health outcomes,
and these measures may further differ by sex.” Measures
such as length at birth, ponderal index, and head and
abdominal circumferences may also need to be
considered in addition to those used in this study.

In our data, an increase in birth weight was associ-
ated with an increase in body mass index, but the rela-
tion became less linear and more ] shaped with
increasing age. This is consistent with the literature—to
our knowledge there are no reports of a ] shaped rela-
tion in childhood, whereas several studies report a |
shaped relation for fatness in participants aged 17 or
older."® It is uncertain why the nature of the relation
changes over time. Some evidence exists for compen-
satory growth among individuals with low birth
weight,”" which would result in an increased body mass
index, but this trend needs to be confirmed.

Confounding factors

Few studies have investigated whether the relation
between birth weight and body mass index is
confounded by other factors, although those most
commonly mentioned in the literature are parental fat-
ness, gestational age, and socioeconomic status. To our
knowledge, we are the first group to consider a wide
range of factors, particularly maternal and paternal
body size. In our study, the relation between birth
weight and adult body mass index was largely
accounted for by maternal weight or body mass index,
and consequently the relation attributed to the
intrauterine environment may reflect the mother-child
relations in weight and body mass index. Father’s
height, weight, or body mass index had no influence on
the relation between birth weight and adult body mass
index. This may be due to paternal body size being less
strongly related to the birth weight of the child than
maternal size, or it may be because the fathers’ heights
and weights, as reported by the mothers, were less
accurately measured.

Gestational age, social class, parity, mother’s age,
and mother’s smoking habits, which could account for
the relation between birth weight and body mass index,
had no influence on the relation at age 33.

Intrauterine environment

There was a weak relation between birth weight and
body mass index, which was consistent for men and
women, that seems to reflect the tendency of heavier
mothers to have heavier babies who subsequently
become heavier adults. This is unsurprising and is not
very informative in respect of the intrauterine environ-
ment and the development of obesity.

Since recent work has found that fetal growth is an
important determinant of adult disease, we attempted to
investigate whether those babies who did not reach their
growth potential in utero (as estimated by birth weight
related to parental body size or own adult height) were
more likely to become obese adults. We found no
evidence that this was the case. Small babies born to tall
or heavy parents, or who themselves became tall as
adults, did not show a higher prevalence of adult obesity
than large babies with tall or heavy parents or who
became tall adults. There was no effect on obesity when
birth weight was linked to maternal height—this combi-
nation of measures might best indicate whether fetal
growth was constrained. Our results do not support an
effect of fetal growth on adult obesity.
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Childhood growth

The effect of fetal growth may depend on subsequent
patterns of growth in childhood. It is already known that
faster rates of maturation, as indexed by various
measures, including stage of puberty and adiposity
rebound, are associated with increased risk of fatness,’
but such studies tend to neglect growth in utero. In the
1958 British birth cohort, we found that although
children who achieved more of their adult height
between birth and age 7 tended to be heavier rather
than lighter at birth, the positive relation between linear
growth and adult obesity was strongest in those who
were light at birth, at least in men. Thus, men with a
lower birth weight who achieved more adult height by
age 7 had a risk of obesity comparable with that for men
with higher birth weights. Among those who achieved
less of their adult height by age 7, the risk of obesity dif-
fered by birth weight. The combination of slower growth
in utero with achievement of greater proportion of adult
height in childhood increases the risk of obesity.

We are unable to distinguish whether prenatal or
postnatal factors account for the effect of childhood
growth or for the modifying effect of birth weight.
However, these findings are potentially important
because the combination of low birth weight and rapid
linear growth has been identified as a risk for other
cardiovascular risk factors, such as increased blood
pressure.” For men, the relation between childhood
growth and adult obesity varied by mother’s weight or
body mass index as well as by birth weight, with a
stronger positive association in those men whose
mother had a lower weight or body mass index.

We cannot explain why birth weight and childhood
growth are related to the development of adult obesity
in men whereas the pattern in women is less distinct.
Maternal weight seems to account for the relation
between birth weight and body mass index in both
men and women, and the rate of maturation is related
to adiposity in both sexes.” There are well known sex
differences in fetal growth, and other work has noted
sex differences in aspects of fetal and childhood
growth and adult disease—the risk of coronary heart
disease is increased in women who were short at birth,
but caught up in height later in life, and in men who
were thin at birth and who caught up in weight later in
life* Several hypotheses for why compensatory
growth might be associated with adverse health
outcomes in later life have been advanced,” * some of
which derive from animal studies, but so far they
remain speculative, and the mechanisms involved in
humans are largely undefined.
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