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Implications of childhood obesity for adult health:
findings from thousand families cohort study
Charlotte M Wright, Louise Parker, Douglas Lamont, Alan W Craft

Abstract
Objective To determine whether being overweight in
childhood increases adult obesity and risk of disease.
Design Prospective cohort study.
Setting City of Newcastle upon Tyne.
Participants 932 members of thousand families 1947
birth cohort, of whom 412 attended for clinical
examination age 50.
Main outcome measures Blood pressure; carotid
artery intima-media thickness; fibrinogen
concentration; total, low density lipoprotein, and high
density lipoprotein cholesterol concentrations;
triglyceride concentration; fasting insulin and 2 hour
glucose concentrations; body mass index; and
percentage body fat.
Results Body mass index at age 9 years was
significantly correlated with body mass index age 50
(r = 0.24, P < 0.001) but not with percentage body fat
age 50 (r = 0.10, P = 0.07). After adult body mass index
had been adjusted for, body mass index at age 9
showed a significant inverse association with measures
of lipid and glucose metabolism in both sexes and
with blood pressure in women. However, after
adjustment for adult percentage fat instead of body
mass index, only the inverse associations with
triglycerides (regression coefficient = − 0.21, P < 0.01)
and total cholesterol ( − 0.17, P < 0.05) in women
remained significant.
Conclusions Little tracking from childhood
overweight to adulthood obesity was found when
using a measure of fatness that was independent of
build. Only children who were obese at 13 showed an
increased risk of obesity as adults. No excess adult
health risk from childhood or teenage overweight was

found. Being thin in childhood offered no protection
against adult fatness, and the thinnest children tended
to have the highest adult risk at every level of adult
obesity.

Introduction
Obesity in childhood is reported to be rising dramati-
cally,1 and there is concern that this increases the risk of
adult morbidity. However, the long term importance of
obesity in childhood is not entirely clear.2 Some studies
have shown that children with weight for height at the
top of the normal range are more likely to become
obese adults2; others reported an association with
higher adult morbidity and mortality.3–10 However,
these studies could not adjust for adult weight for
height, and it is therefore not clear whether this
increased risk flows from higher rates of adult obesity
or whether childhood obesity itself confers additional
risk. The Newcastle thousand families study was a 1947
birth cohort study, first described in 1954.11 We used
these early data together with information collected on
cohort members at the age of 50 to explore the effects
of childhood obesity and underweight on adult obesity
and risk factors for disease. Our aim was to establish
whether being overweight in childhood was associated
with any overall increase in adult health risk and, if so,
how much of this increased risk could be attributed to
a tendency for obese children to become obese adults.

Participants and methods
The Newcastle thousand families study was a pros-
pective study of the health of all 1142 children
recruited at birth during May and June 1947 in the city
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of Newcastle. Two thirds of the cohort were followed
until the age of 15 years.12 We traced study participants
in the 1990s through the UK NHS central register and
coded any deaths by cause. Data on fetal development,
infancy, and childhood, including birth weight,
gestational age, fathers’ occupational social class in
1947, and childhood heights and weights, were
abstracted from the original study records. We
collected data on adult lifestyle, including height,
weight, and self reported illness by self completion
questionnaire from October 1996 to 1998. Biological
risk markers were measured over the same period at a
clinical examination, mainly at the Royal Victoria Infir-
mary, Newcastle, after an overnight fast of at least 10
hours. These comprised ultrasonically measured
carotid artery intima-media thickness; blood pressure;
plasma fibrinogen concentration; total, low density
lipoprotein, and high density lipoprotein cholesterol
concentrations; serum triglyceride concentrations; and
fasting serum insulin and 2 hour plasma glucose con-
centrations. Height, weight, and waist circumference
were also measured. We used an average of three
measurements of bioelectrical impedance (Holtain) to
estimate percentage body fat, using standard
regression equations.

The analytical procedures used have been
described.13 The study was approved by the local
research ethics committee.

Analysis
Eleven sets of twins were excluded from all analyses.
Heights were available at ages 9 and 13 years for most
children. All heights and weights were expressed as
standard deviation scores relative to growth standards
applicable at that time14 to adjust for sex, skew, and
variations in age at measurement using the LMS
method.15 Weight for height was measured by body
mass index (weight (kg)/(height (m)2) and expressed as
a standard deviation score relative to the only available
body mass index reference standard.16 Adult body mass
index was also expressed as standard deviation score,
compared to the reference standard at age 20 years,
the oldest age for which a reference exists. Two hour
plasma glucose, fasting insulin, plasma fibrinogen,
serum high density lipoprotein cholesterol, and
triglyceride concentrations had skewed distributions
and were log transformed. We identified cases of the
metabolic syndrome using criteria for dyslipidaemia,
abnormal glucose metabolism, and hypertension
described elsewhere.17 We assessed the relative
contribution of childhood body mass index to adult
risk using multiple linear regression with a measure of
adult fatness (body mass index or percentage body fat
or waist circumference) as covariate.

Results
Of 1142 children in the original cohort, 932 were fol-
lowed up to the end of the first year. Forty seven of
these participants died after the age of 18 years. At age
50 years, 412 participants (44%) attended for clinical
examination and blood sampling. A total of 688 and
628 participants were measured at age 9 and 13 years,
respectively. Heights and weights at age 50 were avail-
able for 529 subjects: 409 measured and a further 120
self reported in the postal questionnaire.

Participants who were followed up as adults were
slightly less socioeconomically deprived than those not
followed up but were no more likely to have been over-
weight or underweight in childhood. Birth weights
were similar among the two groups.

During childhood, height progressively dropped
away from contemporary norms, with a striking
inverse social class gradient that narrowed in
adulthood (table 1). In contrast, there was no social
class gradient for body mass index in childhood,
although there was a tendency for the children in the
lowest social class to be thinner. Body mass index rose
substantially through puberty and adulthood, and by
the age of 50, 140 (60%) men and 120 (41%) women
were overweight (body mass index > 24), of whom 91
(17% of both sexes) were obese (body mass
index > 30). Those in the lower social classes at birth
had significantly higher body mass index and percent-
age body fat at 50, whereas adult social class showed
only a weak association with adult obesity.

Relation between childhood and adult obesity
Body mass index in childhood showed a moderate, sig-
nificant correlation with adult body mass index (age 9:

Table 1 Mean (SD) height and body mass index standard deviation scores from childhood to adulthood by father’s social class at birth

Height SD score Body mass index SD score

Age 9 (n=667) Age 13 (n=608) Age 50 (n=516) Age 9 (n=667) Age 13 (n=594) Age 50 (n=514)

Paternal social class at birth:

1 or 2 −0.24 (1.03) −0.99 (1.17) −0.07 (0.90) 0.03 (0.90) −0.14 (1.11) 0.92 (1.14)

3 −0.39 (1.08) −1.08 (1.26) −0.11 (1.04) −0.04 (1.05) −0.14 (1.03) 1.14 (1.08)

4 −0.53 (1.11) −1.24 (1.21) −0.20 (0.95) −0.06 (0.95) −0.08 (1.10) 1.30 (1.03)

5 and unemployed −0.84 (1.03) −1.58 (1.22) −0.29 (0.97) 0.10 (0.92) −0.10 (1.23) 1.40 (1.03)

P value* <0.001 <0.001 0.15 0.35 0.65 0.007

*Analysis of variance.

Table 2 Proportions of children underweight or overweight at ages 9 or 13 years who
were overweight or obese at age 50

Body mass
index
percentile
group

No (%) of
children

measured
at both

time points

No (%)
overweight

age 50*
No (%) obese

age 50†

P value
(÷2 for
trend)

No (%) in
top quarter
of % body
fat age 50‡

P
(÷2 for
trend)

Age 9:

<25th 99 (23) 37/99 (37) 8/99 (8)

<0.001

17/73 (23)

0.23
25-74th 244 (58) 141/244 (58) 29/244 (12) 38/185 (20)

75-90th 57 (13) 25/57 (44) 16/57 (28) 13/37 (35)

>90th 24 (6) 8/24 (33) 10/24 (42) 5/17 (29)

Age 13:

<25th 119 (32) 45/119 (38) 6/119 (5)

<0.001

23/93 (24)

0.014
25-74th 178 (47) 96/178 (54) 25/178 (14) 22/128 (17)

75-90th 40 (11) 22/40 (55) 9/40 (22) 8/30 (27)

>90th 38 (10) 16/38 (42) 17/38 (45) 14/28 (50)

*Body mass index 24-30. †Body mass index>30. ‡Data on % body fat were available for fewer adults than
data on body mass index
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r = 0.24, P < 0.001; age 13: r = 0.39, P < 0.001). At age
50, those who had been above the 90th centile for body
mass index at age 9 or 13 years were between five and
nine times more likely to be obese (body mass index
> 30) than those in the thinnest quarter in childhood
(table 2). The association between body mass index in
childhood and adult percentage body fat was weaker
than that with adult body mass index (age 9: r = 0.1,
P = 0.07; age 13: r = 0.22, P < 0.001). Little tracking was
seen between any level of body mass index at age 9 and
adult percentage body fat. Children in the top tenth of

body mass index at age 13 were twice as likely as the
remainder to be in the top quarter for adult percentage
body fat, but children in the bottom quarter were
equally likely to have either high or low body fat as
adults. Most of those in the top quarter for body fat
aged 50 had not been overweight as children: 94% had
been below the 90th percentile for body mass index at
age 9 and 79% at age 13.

Although adult percentage body fat was strongly
correlated with adult body mass index (r = 0.63, P
< 0.01), for every level of adult body mass index the
leanest children had significantly higher adult percent-
age body fat (linear regression: body fat
(%) = 5.4×body mass index aged 50–1.1×body mass
index aged 9 + 32.5).

Relation between childhood obesity and adult risk
factors
In univariate analysis, body mass index and percentage
body fat aged 50 were both strongly associated with
most risk factors for adult disease (table 3). Body mass
index at age 9 and 13 showed weak (mainly inverse
associations with risk factors, although the only signifi-
cant associations were between body mass index age 9
and total cholesterol and triglyceride concentrations in
women. After adult body mass index was adjusted for,
childhood body mass index showed consistent inverse
associations with risk of adult disease. In women, asso-
ciations with body mass index age 9 were significant for
triglycerides, fasting insulin, 2 hour glucose, systolic
and diastolic blood pressure, and total cholesterol, and
associations with body mass index at age 13 were
significant for triglyceride, fasting insulin, and 2 hour
glucose concentrations. In men, there were significant
associations between body mass index at age 9 and
triglyceride, fasting insulin, and 2 hour glucose
concentrations and between body mass index at age 13
and fasting insulin concentration (table 4).

When we adjusted for adult percentage body fat
rather than body mass index, the striking relations
between childhood body mass index and fasting insu-
lin and 2 hour glucose concentrations were much
attenuated in women and largely disappeared in men
(table 5). Similarly, the association between childhood
body mass index and adult blood pressure largely dis-
appeared.

For women, the association between body mass
index aged 9 and cholesterol and triglyceride concen-

Table 3 Association between risk factors age 50 with body mass index at ages 9, 13, and 50 years and percentage body fat (values
are standardised regression coefficients)

Risk factor

Women Men

BMI age 9 BMI age 13 BMI age 50 % fat age 50 BMI age 9 BMI age 13 BMI age 50 % fat age 50

Carotid thickness 0.02 0.13 0.14* 0.15* −0.06 −0.03 0.19* 0.25**

Systolic blood pressure −0.03 0.04 0.40*** 0.30*** −0.02 0.05 0.30*** 0.29***

Diastolic blood pressure −0.03 0.09 0.39*** 0.26*** −0.03 −0.04 0.33*** 0.35***

Fibrinogen −0.03 −0.03 0.18** 0.31*** −0.03 0.16 0.14 0.23**

Total cholesterol −0.15* −0.13 0.05 0.12 −0.05 0.02 0.21** 0.29***

HDL cholesterol† −0.09 −0.12 −0.19** −0.08 0.01 −0.11 −0.22** −0.18*

LDL cholesterol† −0.12 −0.11 0.06 0.10 −0.07 −0.02 0.22** 0.32***

Triglyceride† −0.18* −0.06 0.29*** 0.24*** −0.10 0.04 0.36*** 0.40***

2 hour glucose† −0.12 −0.14 0.24*** 0.10 −0.13 0.03 0.33*** 0.25**

Serum insulin† −0.05 0.01 0.58*** 0.46*** −0.08 −0.04 0.44*** 0.44***

*P<0.05, **P<0.01, ***P<0.001.
†Logged values.
BMI=body mass index, LDL=low density lipoprotein, HDL=high density lipoprotein.

Table 4 Association between body mass index at ages 9 and 13 years in childhood and
risk factors age 50, adjusted for body mass index age 50 (values are standardised
regression coefficients)

Risk factor age 50

Women Men

BMI age 9 BMI age 13 BMI age 9 BMI age 13

Carotid thickness −0.02 0.10 −0.11 −0.07

Systolic blood pressure −0.15* −0.10 −0.09 0.01

Diastolic blood pressure −0.16* −0.06 −0.11 −0.11

Fibrinogen −0.07 −0.08 −0.05 0.13

Total cholesterol −0.17* −0.16 −0.11 −0.12

HDL cholesterol† −0.04 −0.04 0.07 0.05

LDL cholesterol† −0.15 −0.03 −0.13 0.01

Triglyceride† −0.27** −0.19* −0.18* −0.12

2 hour glucose† −0.17* −0.20* −0.22** −0.03

Serum insulin† −0.20** −0.21** −0.17* −0.23**

*P<0.05, **P<0.01, ***P<0.001.
†Logged values.
BMI=body mass index, LDL=low density lipoprotein, HDL=high density lipoprotein.

Table 5 Association between body mass index at age 9 and 13 years and risk factors at
age 50, adjusted for percentage body fat age 50 (values are standardised regression
coefficients)

Risk factor age 50

Women Men

BMI age 9 BMI age 13 BMI age 9 BMI age 13

Carotid thickness 0.01 0.11 −0.04 −0.07

Systolic blood pressure −0.08 −0.01 0.01 0.04

Diastolic blood pressure −0.08 −0.04 0.01 −0.06

Fibrinogen −0.08 −0.11 0.004 0.13

Total cholesterol −0.17* −0.16 −0.02 −0.02

HDL cholesterol† −0.08 −0.11 −0.01 −0.09

LDL cholesterol† −0.14 −0.13 −0.03 −0.06

Triglyceride† −0.21** −0.12 −0.06 −0.001

2 hour glucose† −0.14 −0.16 −0.12 0.01

Serum insulin† −0.12 −0.08 −0.03 −0.08

*P<0.05, **P<0.01, ***P<0.001.
†Logged values.
BMI=body mass index, LDL=low density lipoprotein, HDL=high density lipoprotein.
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trations remained significant, with those women
thinnest at age 9 having higher concentrations for
every stratum of adult fatness. The non-significant cor-
relations between childhood body mass index and
adult risk factors were still consistently inverse for both
sexes and ages. Including social class at birth, height, or
weight in childhood made little difference to these
results.

The 47 subjects who had died in adulthood and the
20 subjects who met the full criteria for the metabolic
syndrome were no more likely to have been in the top
quartile for body mass index at ages 9 or 13 years than
the others.

Discussion
We found that although overweight teenagers were
more likely to become fat adults, most fat adults were
not overweight as children and those thin in childhood
and adolescence were not protected from obesity as
adults. The absence of an association between body
mass index at age 9 and percentage body fat at age 50
suggests that the association between childhood and
adult body mass index, seen in this and previous stud-
ies, may mainly reflect tracking of build rather than fat-
ness. Muscle mass and the size of the bony frame also
contribute to body mass index. This is particularly rel-
evant in children, in whom obesity is rare and lean
mass makes a substantial contribution to body mass
index.18 This may explain why raised childhood and
teenage body mass index showed no positive
association with risk of adult disease. In fact, the trend
was consistently negative, suggesting that those
thinnest in childhood have the highest overall risk of
adult disease.

Strengths and weaknesses
The main strength of this study is that we could link
prospectively collected early anthropometric and
social data to a wide range of measures collected in
adulthood. These included an estimate of body fat that
is largely independent of build. Although biolectrical
impedance is not widely used clinically, it has high
validity and is reliable when used by trained operators
in people of average build.19 Its validity is shown in this
study by the strong correlations found with both adult
body mass index and risk factors for disease.

One weakness is that we had data on a relatively
small number of participants at both periods and
follow up was only to age 50. This meant that we could
use only well validated proxy markers for morbidity
rather than actual outcomes.

An inevitable limitation of any long term follow up
study from childhood is that its subjects will have
grown up in different circumstances. It could thus be
argued that our findings cannot be generalised to
today’s children. The subjects were a postwar cohort,
protected by the same welfare safety net as today, and
parental unemployment rates were low. Compared
with modern childhood norms, participants were short
but had similar body mass index values with close to
the expected proportion of both overweight and
underweight children. Our data should be treated with
the same caution as those of any other long term
follow up study while recognising that they provide

vital information that is unlikely to be gleaned by any
other method.

Other studies
Data on overweight from long term studies are rare.
Three studies in teenagers and young adults found a
pattern of associations between current overweight
and disease risk factors similar to that expected in later
adulthood, but these children were not followed into
later life.10 20 21 Only two other comparable studies have
examined later adult risk in relation to both childhood
and adult overweight,17 22 and these used body mass
index as a measure of obesity at both ages. Vanhala et
al found that fat children who went on to be fat adults
had a threefold increased risk of developing the meta-
bolic syndrome compared with those who became fat
as adults.17 However, using the same definition of the
metabolic syndrome, we were not able to find any
association in our similar data set.

Another large early study that measured a similar
range of risk factors to ours, also found no overall
excess adult disease risk from high childhood body
mass index and that men thinnest in childhood were at
greatest risk after adjustment for adult body mass
index.22 The authors speculated that this might simply
be an artefact of the use of body mass index at both
time points, suggesting that those relatively thin in
childhood would tend as adults to have a higher
percentage body fat per unit of body mass index. We
were able to test and confirm this hypothesis. In men in
our study, the inverse relation of childhood body mass
index with blood pressure and serum insulin
concentration at age 50 was not seen when percentage
body fat was used to adjust for adult fatness rather than
body mass index. This suggests that some of the inverse
relations were a result of residual confounding by adult
fatness, because body mass index had incompletely
adjusted for adult fatness. However, the effects in
women on lipid and glucose metabolism were largely
unchanged, suggesting that they were true effects.

The absence of an association between childhood
overweight and adult risk must be placed within the
context of other studies. Perhaps the most important
evidence is found in mortality studies. Five studies have
examined male all cause mortality,4–8 and one
cardiovascular mortality,9 after early overweight.
Weight was mostly measured in the late teens, and men
were followed up to middle age. All found a trend
towards increased mortality among those who were
fattest in their childhood or teens, and a similar but
weaker trend has been found in women.5 6 8 However,
the two largest and thus most robust studies suggest
that the increased risk is found only in the fattest 1-2%,
(relative risk of 2) with no trend to excess death with
lesser overweight.4 7 Both studies also found a trend to
higher mortality in the thinnest 1-5% (relative risk 1.5),
and the excess deaths attributable to either overweight
or underweight in these studies each represented only
1-2% of all premature deaths. Thus premature death
rates do seem to be raised in adults who were most
overweight as children, but the absolute number of
deaths is small, and the strongest evidence is for those
obese late in adolescence rather than childhood.

Implications for life course epidemiology
Our findings also have relevance to the exploration of
life course influences on adult health. Weight and thin-
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ness at birth have been found to be inversely related to
a range of adult health outcomes. However, it is prob-
ably a change in relative size from birth to adulthood
rather than small size itself that predisposes to later
morbidity.23 This theory has been interpreted in terms
of the intrauterine environment compared with
postnatal growth, but a similar inverse relation has
been shown between weight at age 1 year and glucose
tolerance in 59-70 year old men after adjustment for
adult body mass index.24 Our study shows a similar
effect taking place after childhood, which suggests that
it is not restricted to one critical phase of development
in the perinatal period.

These data also have methodological implications
for the use of growth data in longitudinal studies. Pre-
vious studies have found inverse association between
thinness at birth and adult morbidity after adjusting for
adult fatness by using body mass index.25 26 Our data
suggest that these apparent relations could simply be
artefact, with risks inadvertently ascribed to thinness at
birth in fact resulting from adult fatness having been
underestimated.

Conclusions
There is a widespread popular belief that adult fatness
begins in childhood, despite evidence from many stud-
ies that most fat adults were not fat children. Current
concerns about rising rates of overweight in children
also hinge on the assumption that fat children are
more likely to become fat adults. Our data suggest a
much less deterministic situation. There was a high
degree of variation between childhood and midlife in
degrees of fatness and no net increase in adult disease
risk for overweight children or teenagers, despite chil-
dren who were overweight at 13 being twice as likely to
go on to be obese adults. This is probably because half
of those overweight at 13 did not become obese adults,
while those thinnest in childhood who went on to be
fat adults experienced the most adverse consequences.

Our data suggest that whole population interven-
tions in childhood directed at reducing body mass
index in childhood may not benefit adult health.
Meanwhile, underweight in childhood should still be a

focus of concern since it offers no protection against
adult obesity and is associated with increased risk of
adult disease.
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What is already known on this topic

Many studies have found that body mass index in
childhood is significantly correlated with body
mass index in adulthood

Obese children have been found to have higher all
cause mortality as adults

What this study adds

No excess health risk from childhood overweight
was found

Childhood body mass index was linked to
adulthood body mass index but not percentage
body fat

Only children who were obese at 13 showed a
significant increased risk of obesity as adults

People who were thinnest as children and fattest
as adults tended to have the highest adult risk
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