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Abstract
Aims/hypothesis The aim of this study was to examine the
associations of birthweight, gestational age and childhood
BMI (assessed at a mean age of 5 years) with a self-report
of a doctor diagnosis of diabetes in middle age.
Methods We studied a birth cohort of 5,793 individuals
who were born between 1950 and 1956 in Aberdeen,
Scotland, and who responded to a questionnaire adminis-
tered in 2000.
Results Birthweight and gestational age were inversely
associated with diabetes. These associations remained with
additional adjustment for indicators of childhood and adult
socioeconomic position, maternal complications of preg-
nancy, adult smoking, adult BMI and simultaneous adjust-
ment for each other: the adjusted odds ratio per unit
increase in birthweight z score was 0.73 (95% CI 0.60–
0.88), the odds ratio per week increase in gestational age
was 0.91 (95% CI 0.82–1.00) and odds ratio for preterm
birth was 2.04 (94% CI 1.18–3.53). The positive associa-
tion of childhood BMI with diabetes was attenuated on
adjustment for adult BMI.

Conclusions/interpretation In this population, who were
born in the 1950s, poor intrauterine growth and preterm
birth are associated with an increased risk of diabetes.

Keywords Birthweight . BMI . BodyMass Index .

Childhood . Diabetes . Epidemiology . Preterm

Introduction

Risk of diabetes may be determined by exposure to risk
factors that exert their effects in the perinatal, infancy and
childhood periods. Lower birthweight is associated with an
increased risk of type 2 diabetes in studies conducted in
populations born in the early part of the 20th century [1].
More recently, a study found that extreme preterm birth
(≤32 weeks) was associated with insulin resistance in
childhood (age 4–10 years) [2], but to our knowledge, no
previous study has examined the association of gestational
age with adult diabetes. Childhood BMI has been found to
be positively associated with glucose intolerance in child-
hood [3, 4], but few studies have examined its association
with later diabetes in adulthood.

The aim of this study was to examine the associations of
birthweight, gestational age and childhood BMI (measured
at a mean age of 5 years) with diabetes in a cohort of
individuals from Aberdeen, Scotland, who were born
between 1950 and 1956.

Subjects and methods

Data from the Aberdeen Children of the 1950s cohort study
were used. Described in detail elsewhere [5, 6], the cohort
consists of 12,150 individuals who were born in Aberdeen
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between 1950 and 1956. We excluded all multiple births
(n=316). In 2000, a questionnaire was sent to all surviving
participants who were still living anywhere in the UK.
Responders were asked whether they had ever been
diagnosed with diabetes and, if so, their age at diagnosis
and current treatment. In the main analyses we only
included individuals born as singletons and who responded
to this questionnaire (n=5,803). Diabetes was defined on
the basis of self-report in this questionnaire. Ten parti-
cipants were excluded because they indicated that they had
been diagnosed with diabetes prior to age 20 years; all of
these participants were currently using insulin. Thus, we
present analyses on 5,793 participants, amongst whom there
were 113 (2%) with a self-report of a doctor diagnosis of
diabetes occurring after age 20 years. In sensitivity analyses
using the whole cohort and basing the outcome on hospital
admissions data the results were essentially the same.

Data on birthweight, gestational age, father’s occupa-
tional social class, gravidity, pregnancy-induced hyperten-
sion, antepartum haemorrhage, maternal age at birth and
maternal height were abstracted from the Aberdeen Mater-
nal and Neonatal Database, which collects these data
prospectively using research standard protocols [5]. Height
and weight at school entry were measured during routine
school entry medical exams. The mean (SD) age of the
children at the time of their school medical exam (when
their height and weight were assessed) was 4.9 (0.7) years.
In the follow-up questionnaire, participants were asked to
record their weight and height. Adult occupational social
class, educational attainment and smoking history were also
obtained from the questionnaire [7].

Multivariable logistic regression was used to assess
associations. There was no evidence that any associations
differed between female and male subjects (all p values for
interactions with sex were >0.6), and therefore all results
are presented for both sexes combined.

Study ethics

The Scottish Multicentre Research Ethics Committee and
local research ethics committees plus the Scottish Privacy
Advisory Committee approved the revitalisation of the
Children of the 1950s cohort. All record linkage was
undertaken by the Information and Statistics Division (ISD)
of the Scottish Office, who provided us with an anonymised
dataset for analysis.

Results

Birthweight showed a small positive correlation with BMI
in childhood (Pearson’s correlation coefficient [r]=0.14,
p<0.001), but was not correlated with adult BMI (r=0.02,

p=0.11). There was a positive correlation between child-
hood and adult BMI (r=0.21, p<0.001). Adult BMI was
associated with diabetes, with an odds ratio per 5 kg/m2

Fig. 1 Sex-adjusted and year of birth-adjusted associations (OR with
95% CIs) of birthweight (a), gestational age (b) and childhood BMI
z score (c) with adult type 2 diabetes risk among a cohort of 5,793
subjects (113 diabetes cases). a p value for linear trend <0.001;
b p value for linear trend=0.04, p quadratic=0.3; c p value for linear
trend=0.002
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adjusted for sex, year of birth and use of weight scales of
1.65 (95% CI 1.43–1.90). This association was unaltered by
adjustment for indicators of early life socioeconomic
position, birthweight, gestational age, childhood BMI, adult
social class and adult smoking.

Birthweight and childhood BMI were linearly associated
with diabetes, and there was weak evidence of a linear
association between gestational age and diabetes (Fig. 1).
The associations of lower birthweight, earlier gestational
age and being born preterm with diabetes remained with
adjustment for any covariates (Table 1). The association
between childhood BMI and diabetes was attenuated
towards the null with adjustment for adult BMI. When all
three of birthweight, being born preterm and childhood
BMI were included simultaneously in a model, the inverse
association between birthweight and positive association of
preterm birth with diabetes remained.

Discussion

We have shown that lower birthweight and being born preterm
are associated with an increased risk of diabetes in a cohort
born in the 1950s. The positive association of childhood BMI
with diabetes appears to be mediated via the positive
association of childhood BMI with adult BMI in this cohort.

The main limitation of this study is the use of self-report
of a clinical diagnosis of diabetes rather than an assessment
based on fasting blood measurements. Since type 2 diabetes
is asymptomatic and obesity is a major risk factor, it is
possible that the strong association between adult BMI and
diabetes is exaggerated as a result of the tendency for a
doctor to preferentially screen for diabetes in adults who are
overweight. If this is the case, the association of childhood
BMI with diabetes may have been underestimated when
adjusted for adult BMI. The age at ascertainment of
diabetes in this study was 46–50 years, and several
individuals who will go on to develop diabetes will be too
young for this to have occurred yet. Thus, our results refer
to individuals with diabetes diagnosed in early middle-age.
The agreement between self-report and medical record
diagnoses of diabetes is good [8], and our analyses using
inpatient hospital discharge records were very similar to
those for the main analyses using self-report. Self-report of
adult weight and height may be biased, but the association
between adult BMI and diabetes in this study, consistent
with other studies using measured BMI, suggests that there
is no major bias. Loss to follow-up, though consistent with
other birth cohorts (63% response to the questionnaire in
adulthood), may have resulted in selection bias [9].
However, there was no difference in hospital admission
rates for diabetes between questionnaire responders and

Table 1 Multivariable associations of birthweight, preterm birth and childhood BMI with adult diabetes in 5,793 participants (113 cases of
diabetes)

Adjusted odds ratio (95% CI)

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Birthweight (per kg) 0.50 (0.36–0.71) 0.51 (0.36–0.72) 0.50 (0.35–0.72) 0.53 (0.37–0.75) 0.49 (0.34–0.71) –
Birthweight (per
gestational age
and sex-standardised
z score)

0.74 (0.61–0.89) 0.74 (0.61–0.90) 0.74 (0.61–0.90) 0.76 (0.63–0.93) 0.74 (0.61–0.90) 0.73 (0.60–0.88)

Gestational age
(per week of
completed gestation)

0.90 (0.82–0.99) 0.90 (0.82–0.99) 0.90 (0.82–0.99) 0.90 (0.82–0.99) 0.91 (0.82–1.00) 0.91 (0.82–1.00)

Born preterm vs not 2.14 (1.25–3.67) 2.10 (1.23–3.61) 2.10 (1.23–3.61) 2.11 (1.23–3.62) 2.02 (1.17–3.50) 2.04 (1.18–3.53)
BMI at primary
school entry
(per age- and sex-
standardised z score)

1.22 (1.10–1.36) 1.22 (1.10–1.36) 1.22 (1.10–1.36) 1.23 (1.10–1.37) 1.07 (0.96–1.19) 1.07 (0.95–1.19)

Model 1: Adjusted for sex and year of birth
Model 2: As model 1 plus indicators of childhood socioeconomic position that might confound the associations: father’s occupational social class
at birth, mother’s gravidity, mother’s height and mother’s age at birth
Model 3: As model 2 plus complications of pregnancy that might confound the associations: gestational hypertension and antepartum
haemorrhage
Model 4: As model 3 plus adult indicators of socioeconomic position and smoking that might confound the associations by reflecting parental
socioeconomic position: adult occupational social class, educational attainment and adult smoking
Model 5: As model 4 plus adult BMI, which might mediate the associations
Model 6: As model 5 but with simultaneous adjustment for birthweight z score, gestational age/preterm birth and childhood BMI, to assess their
independent associations
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non-responders, and associations were essentially the same
when based on Scottish hospital admissions data. We had
no information on maternal gestational diabetes or family
history of diabetes and were therefore unable to assess the
effect of these on any associations that we observed.
Gestational diabetes results in greater birthweight, and
would therefore not explain the association of lower
birthweight with future diabetes. Adjustment for other
complications of pregnancy did not result in attenuation.

The magnitude of the association that we have found
between birthweight and diabetes is similar to that found in
earlier studies of individuals born in the earlier decades of
the 20th century [1]. The stability of the association in
cohorts born across the first half of the 20th century
suggests that the underlying mechanism is not strongly
influenced by the profound improvements in infant and
maternal health that have occurred over this period. For
example, between 1901 and 1905, infant mortality was 130
per 1,000 in Scotland, whereas between 1941 and 1945 it
had decreased to 80 per 1,000, and a marked decline over
the subsequent decade led to a rate of 37 per 1,000 between
1951 and 1955 [10], the period during which participants in
the current study were born.

One recent small study found that being born extremely
preterm (≤32 weeks gestation) was associated with insulin
resistance in childhood and that this association was
independent of birthweight [2]. Our findings of an
association between being born before 37 weeks and adult
diabetes, to some extent, confirms this earlier finding. If the
findings of this earlier study [2] and those of our study are
replicated in other datasets, the increasing number of
infants who are born preterm and survive into adulthood
may represent an important population-attributable risk for
diabetes. There was a tendency in our study for an
increased risk of diabetes across the distribution of
gestational age, which would suggest that interventions to
increase gestational age towards term in all pregnancies
might be important in the prevention of diabetes.

We found that childhood BMI, assessed, on average, at
5 years, was positively associated with diabetes, but this
appeared to be largely mediated through the association of
childhood BMI with adult BMI. The mean BMIs for both
boys and girls in our cohort are similar to contemporary
figures for European and US children, but only a small
proportion were obese at age 5. Thus, it is possible that being
obese in childhood may have an independent (of adult BMI)
effect on future diabetes risk that we are unable to detect in this
cohort. The emergence of type 2 diabetes in obese children [3,
4] is a clear indicator that one cannot be complacent about
the risk associated with obesity in childhood.

In conclusion, we have found that lower birthweight and
preterm birth are associated with an increased risk of
diabetes in a cohort of individuals born in the 1950s. These

findings highlight the importance of early life interventions
to prevent diabetes.
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