
Events occurring before birth and in infancy may in-
fluence the risk of adult cardiovascular disease [1].
Associations between small size at birth and in-
creased risk of adult cardiovascular mortality have
been described in historical cohort studies [2, 3]. Al-
though associations between size at birth and several

adult cardiovascular risk factors have been reported
[1], those between size at birth, glucose intolerance
and non-insulin-dependent diabetes mellitus
(NIDDM) are among the most consistently described
[4]. Low birthweight has been related to increased
risk of glucose intolerance and NIDDM in middle-
aged British subjects in Hertfordshire [5] and Preston
[6] and in a cohort of Swedish men [7]. Relations be-
tween birthweight and glucose intolerance in young
adults have been reported in widely differing popula-
tions [8–10], including pregnant women [11]. More
recently it has been suggested that thinness at birth,
denoted by a low ponderal index at birth (birth-
weight/birth length3) might be specifically related to
risk of glucose intolerance [6, 7]. Whether the basis
of the association between small size at birth and
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Summary In adults low birthweight and thinness at
birth are associated with increased risk of glucose in-
tolerance and non-insulin-dependent diabetes melli-
tus. We have examined the relations between size at
birth (birthweight, thinness at birth) and levels of
plasma glucose and serum insulin in children, and
compared them with the effects of childhood size.
We performed a school-based survey of 10–11-year-
old British children (response rate 64%) with mea-
surements made after an overnight fast. One group
of children (n = 591) was studied fasting while the
other (n = 547) was studied 30 min after a standard
oral glucose load (1.75 g/kg). Serum insulin was mea-
sured by a highly specific ELISA method. Birth-
weight was assessed by maternal recall and thinness
at birth using birth records. Neither fasting nor post-
load glucose levels showed any consistent relation-
ship with birthweight or ponderal index at birth. Af-
ter adjustment for childhood height and ponderal

index, both fasting and post-load insulin levels fell
with increasing birthweight. For each kg increase in
birthweight, fasting insulin fell by 16.9% (95% confi-
dence limits 7.1–25.8%, p = 0.001) and post-load in-
sulin by 11.6% (95% confidence limits 3.5–19.1%,
p = 0.007). However, the proportional change in insu-
lin level for a 1 SD increase in childhood ponderal in-
dex was much greater than that for birthweight
(27.2% and − 8.8%, respectively, for fasting insulin).
We conclude that low birthweight is not related to
glucose intolerance at 10–11 years, but may be re-
lated to the early development of insulin resistance.
However, in contemporary children obesity is a
stronger determinant of insulin level and insulin re-
sistance than size at birth. [Diabetologia (1997) 40:
319–326]
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impaired glucose tolerance rests on a reduced pan-
creatic beta-cell mass and consequent insulin hypose-
cretion in small babies [5, 6], or a relationship with in-
sulin resistance [7, 12, 13] remains uncertain, al-
though recent evidence suggests that small size at
birth interacts with later obesity to produce the most
marked degree of insulin resistance [7].

Most of the studies relating size at birth and glu-
cose intolerance are based on adults, often born in
the first half of the twentieth century [5–7, 12, 13],
when perinatal and infant mortality rates were much
higher than those prevalent today. However, the rele-
vance of these associations to contemporary children
is less clear. In a study of 250 7-year-old British chil-
dren, ponderal index at birth, but not birthweight,
was reported to be related to post-load glucose level;
neither measure was related to insulin level [14].
Conversely, in 201 4-year-old Indian children, birth-
weight was inversely related to post-load glucose
and insulin levels [15]. In a study of 610 Jamaican chil-
dren aged 6–10 years, length at birth was inversely re-
lated to glycated haemoglobin level, but birthweight
and ponderal index were not [16]. In an attempt to re-
solve these inconsistencies, we have studied the rela-
tions between size at birth, serum insulin and plasma
glucose in a larger population-based study of 10–11-
year-old British children, half of whom were studied
fasting and half after a glucose load.

Subjects and methods

Sampling procedures. Details of this survey of cardiovascular
risk factors in children have been published elsewhere [17].
The study took place in ten towns in England and Wales – five
with exceptionally low adult cardiovascular mortality rates
(Esher, Leatherhead, Bath, Chelmsford, Tunbridge Wells)
and five with exceptionally high adult cardiovascular mortality
rates (Wigan, Port Talbot, Burnley, Rochdale, Rhondda). In
each town, a stratified random sample of ten Junior Schools
was selected; 22 children aged 10–11 years in each school
were invited to provide a blood sample for measurement of
blood glucose, insulin and blood lipids.

Survey procedures. Ethical approval was obtained from all rel-
evant local research ethics committees and informed written
parental consent was sought for all participants. All measure-
ment surveys (1 week per town, alternating between high and
low mortality towns) were carried out between April and No-
vember 1994. Consenting children were sent a card asking
them not to eat or drink anything other than water before at-
tending school on the morning of the survey and were ques-
tioned about compliance with these instructions at the time of
measurement. All physical measurements were made by one
of two pairs of trained field nurses and the blood sample by
the team doctor.

Blood sampling. Local anaesthetic skin cream (EMLA, Astra
Pharmaceuticals Ltd, King’s Langley, Herts, UK) was applied
at least 45 min before blood sampling. Samples from the first
half of the children assessed each day were collected fasting
(between 09.30 and 10.45 hours in 96 % of cases). Samples

from the second half were taken 30 min after ingestion of a
standard (1.75 g/kg) oral glucose load (Lucozade; Smith Kline
Beecham PLC, Brentford, Middlesex, UK) (between 10.20
and 11.30 hours in 94 % of cases). All children were offered
breakfast after the procedure. The 30-min interval was chosen
in preference to the 120-min interval because (a) inverse rela-
tionships between size at birth and post-load glucose level in
adults were observed at 30 min as well as at 120 min in earlier
studies and (b) the early peak of insulin action is particularly
important in determining glucose tolerance [18]. Blood sam-
ples were centrifuged, separated and frozen at −20 °C within
4 h of collection. All analyses were carried out in central labo-
ratories. Plasma glucose (fluoride oxalate sample) was analys-
ed using the Glucose-Technicon Axon system, (Bayer, Tarry-
town, NY, USA) (method SM4-2143F90). Serum insulin was
measured using an ELISA method which does not cross-react
with proinsulin [19] at the Department of Medicine, University
of Newcastle upon Tyne.

Physical measurements. Patients were dressed in light clothing,
without shoes. Height was measured to the last complete milli-
metre using a portable stadiometer (CMS Ltd, Camden, UK).
Weight was measured to the last complete 0.1 kg using a digital
electronic weighing scale (Soehnle Ltd, Murrhardt, Germany).
Ethnic group was assessed on the basis of the child’s appear-
ance. Ponderal index (weight/height3) is used as an index of
weight-for-height in childhood since (unlike body mass index)
it is independent both of height and age in this study population.

Parental questionnaire and birth record data. A questionnaire
with reply-paid postage was forwarded to parents on the day
of the survey. Parents were asked to provide information on
the child’s birthweight and on their own occupation(s), which
was (were) coded in accordance with the Registrar General’s
1980 social class coding manual, and their present and previous
smoking habits. They were also asked to give permission for
the collection of information from birth records, including
measures of size at birth. This information was sought in all
cases where parents gave permission and where children were
born at hospitals in or close to the town where they were sur-
veyed. Birthweight data in this report is based on maternal re-
call, except in 42 cases where birthweight was available from
the birth records but could not be recalled by the mother.
Where birthweight data was available from both sources
(n = 551), there was exceptionally close overall agreement
(mean difference 0.5 g, SD 0.98 g, r = 0.98). The assessment of
length at birth (crown-heel) and thinness at birth (birth-
weight/birth length3 as in earlier reports [6, 12] ) are based on
length at birth and birthweight data from the birth records.

Statistical analysis

All analyses have been carried out using the SAS statistical
package (SAS Institute Inc, Cary, N. C., USA). The distribu-
tions of fasting and post-load glucose were reasonably nor-
mally distributed, while serum insulin levels were markedly
skewed. Serum insulin levels were therefore normalized by
log-transformation and geometric mean values have been
used throughout. Relationships between size at birth, child-
hood size and levels of glucose and insulin were examined in
fifths and, where appropriate, using corresponding linear re-
gression models. Where insulin was an outcome variable in lin-
ear regression analyses, it was fitted as log [insulin] and the re-
gression coefficients were exponentiated to obtain estimates of
proportional change in insulin level per unit change in
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birthweight or ponderal index at birth. All the main analyses
have included adjustment for age (fifths), sex (two levels),
town (ten levels) and time of day of blood sampling (in 15-
min intervals); post-load data are adjusted for variation in the
interval between glucose load and venepuncture (min). Ad-
justments for childhood height and ponderal index have been
carried out with these variables fitted in equal fifths. To study
the relative effects of birthweight and childhood ponderal in-
dex on insulin level, the proportional changes in insulin level
for a 1 SD increase in each of the two other variables have
been compared. Calculated estimates of pancreatic beta-cell
function (insulin/[glucose-3.5] ) and insulin resistance (insu-
lin × glucose)/22.5) have been determined from fasting values
in accordance with the ‘homeostasis model assessment’
(HOMA) model [20].

Results

Of 2172 children invited for measurement and blood
sampling, 1398 children (64% response rate) under-
went both physical measurements and blood glucose
sampling; 709 children were studied fasting and 689
after a glucose load. All but four of the fasting chil-
dren and all but six of the children measured post-
load had insulin measurements taken.

Fasting studies. Among the children measured fasting,
26 (3.7%) children who reported eating breakfast
were excluded. Of the remaining 683 children, infor-
mation on birthweight (either from parental ques-
tionnaire or from birth records) was available for
591 children and information on ponderal index at
birth (from birth record data on birthweight and birth
length) for 263 children. Between 09.30 and
10.45 hours, mean fasting plasma glucose fell by
0.05 mmol/l (p = 0.16) and geometric mean fasting in-
sulin fell by 10.6 pmol/l (p = 0.02). Adjustment for
these effects was made in analysis, although it had
no important effect on the results.

Post-load studies. Among the children measured after
a glucose load, 20 (2.9%) children were excluded be-
cause they were unable to drink the appropriate

glucose load and 36 (5.2%) because their blood was
sampled more than 3 min (10%) on either side of
30 min. Among the remaining 633 children, informa-
tion on birthweight was available for 543 and infor-
mation on ponderal index at birth for 260 subjects.
Between 10.20 and 11.30 hours, post-load plasma glu-
cose rose by 0.76 mmol/l (p = 0.006) and geometric
mean insulin level rose by 58.9 pmol/l (p = 0.38).
Mean blood glucose measurements were slightly
higher at 30 and 31 min after a glucose load than at
27–29 and 32–33 min (test for heterogeneity,
p = 0.08) but insulin levels were little affected by glu-
cose load-sampling interval (test for heterogeneity,
p = 0.32). Time of measurement and glucose load in-
terval were adjusted for in analysis, although again
the results were little affected.

The characteristics of the participating children
measured fasting and after a glucose load are summa-
rized in Table 1. As expected, glucose and insulin lev-
els were considerably higher in subjects measured af-
ter a glucose load. The proportion of girls was some-
what higher in the post-load group than the fasting
group. However, mean age, childhood size and birth
measurements were very similar in the two groups.
Both fasting and post-loadgeometric mean insulin lev-
els (but not glucose levels) were slightly higher in girls;
all subsequent analyses have been adjusted for sex. Al-
most all the children studied were white (95.0%).
Therewasnoconsistent difference in glucoseor insulin
levels between high and low mortality towns.

Childhood size, glucose and insulin levels at 10–
11 years. Regression coefficients summarizing the re-
lations between current body size, glucose and insulin
are presented in Table 2. Regression coefficients for
glucose represent absolute change per unit change in
body size, while those for insulin represent propor-
tional (%) change. Height showed no consistent rela-
tion with fasting glucose, post-load glucose or post-
load insulin. However, it showed a strong positive re-
lation with fasting insulin level. Ponderal index in
childhood showed strong positive relations with
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Table 1. Characteristics of survey participants

Measured fasting Measured post-load

Number Mean ± SD Number Mean ± SD

Age (years) 591 11.0 ± 0.4 543 11.0 ± 0.4
Height (cm) 591 144.0 ± 6.9 543 144.3 ± 6.7
Weight (kg) 591 37.3 ± 8.0 543 38.0 ± 8.3
Ponderal index (kg/m3) 591 12.4 ± 1.8 543 12.6 ± 1.9
Plasma glucose (mmol/l) 591 4.9 ± 0.4 543 7.1 ± 1.5
Serum insulin (pmol/l)a 587 31.7 (22.2, 53.9) 537 301.9 (206.1, 453.4)
Birthweight (kg) 591 3.32 ± 0.52 543 3.33 ± 0.55
Length at birth (cm) 263 52.3 ± 3.3 260 52.0 ± 3.1
Ponderal index at birth (kg/m3) 263 23.7 ± 3.6 260 24.1 ± 3.5
Number (%) girls 246 (42%) 293 (54%)

Data are mean ± SD
a Geometric mean (interquartile range)



fasting glucose level, and with both fasting and post-
load insulin levels.

Size at birth and childhood size. Birthweight was
strongly related both to childhood height (r = 0.23,
p < 0.0001) and to childhood ponderal index
(r = 0.11, p = 0.0002). Ponderal index at birth was
only weakly related to childhood height (r = −0.06,
p = 0.16) and to childhood ponderal index (r = 0.05,
p = 0.22). Childhood size is therefore a potentially
important confounder of relations between size at
birth, glucose and insulin levels – particularly those
between birthweight and insulin.

Size at birth and glucose level. The relations between
fifths of birthweight, ponderal index at birth and plas-
ma glucose levels are presented in Figure 1, with cor-
responding linear regression coefficients in Table 2.
Neither birthweight, length at birth nor ponderal in-
dex at birth showed any consistent relation with glu-
cose level (either fasting or post-load); adjustment
for childhood height and ponderal index made no dif-
ference to this finding. There was no suggestion of a
specific relation between birthweight (or ponderal in-
dex at birth) and glucose level in those children who
were tallest or who had the highest ponderal index
at 10–11 years of age (data not presented).

Size at birth and insulin level. The relations between
fifths of birthweight, ponderal index at birth and

serum insulin levels are presented in Figure 1, with
corresponding regression coefficients summarizing
the relationships between birthweight and insulin
levels (expressed as the proportional change in in-
sulin level for a 1 kg increase in birthweight) in Ta-
ble 2. Birthweight showed no relation with insulin
level in models without adjustment for childhood
size. However, after adjustment for childhood
height and ponderal index, there was a graded in-
verse relation between birthweight and insulin lev-
el, both fasting and post-load. For each 1 kg in-
crease in birthweight, fasting insulin level fell by al-
most 17%. The proportional changes in fasting in-
sulin levels for a 1 kg increase in birthweight were
very similar in girls (−18.6%, 95% confidence inter-
val −4.0 to −31.0%) and boys (−15.7%, 95% confi-
dence interval −2.6 to −27.0%) (test for sex differ-
ence, p = 0.75). The relations appeared somewhat
stronger in children born at term (−21.8%, 95%
confidence interval −32.4 to −9.6) than in those
born before 38 weeks (−14.4, 95% confidence inter-
val −31.3 to 6.8 %) but this difference was not statis-
tically significant (p = 0.49). The relationship be-
tween birthweight and post-load insulin was slightly
weaker than that for fasting subjects, with a fall in
insulin level of about 12% for a 1 kg increase in
birthweight. All these results were unaffected by
standardization for glucose level, by adjustment for
parity, maternal smoking in pregnancy, ethnicity
and social class, and by the omission of 32 children
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Table 2. Size in childhood and size at birth: relations with glucose and insulin levels

Plasma glucose (mmol/l) Serum insulin (pmol/l)

Fasting Post load Fasting Post load

Regression
coefficient

95 % CI p value Regression
coefficient

95% CI p value Propor-
tional (%)
change

95% CI p value Propor-
tional (%)
change

95 % CI p value

Age (years) 0.001 (− 0.090,
0.092)

0.99 − 0.311 (− 0.735,
0.113)

0.15 8.5 (− 10.8,
32.2)

0.40 14.0 (− 3.7, 35.0) 0.12

Size in childhood
Height (cm) 0.003 (− 0.001,

0.007)
0.11 − 0.019 (− 0.040,

0.002)
0.07 2.8 (1.8, 3.8) < 0.0001 1.9 (1.1, 2.7) < 0.0001

Ponderal in-
dex (kg/m3)

0.025 (0.009,
0.041)

0.002 − 0.032 (− 0.102,
0.038)

0.37 15.1 (11.5, 18.8) < 0.0001 11.5 (8.7, 14.4) < 0.0001

Size at birth
Birthweight
(kg)

0.006 (− 0.048,
0.060)

0.83 0.022 (− 0.218,
0.262)

0.86 − 4.7 (− 15.3, 7.2) 0.41 − 4.6 (− 13.0, 4.6) 0.31

with adjust-
ment for
childhood
size

− 0.021 (− 0.077,
0.035)

0.45 0.115 (− 0.131,
0.355)

0.35 − 16.9 (− 25.8,
− 7.1)

0.001 − 11.6 (− 19.1,
− 3.5)

0.007

Ponderal in-
dex (kg/m3)

− 0.004 (− 0.017,
0.009)

0.55 − 0.002 (− 0.064,
0.060)

0.94 − 1.3 (− 4.3, 1.6) 0.36 − 0.3 (− 2.7, 2.1) 0.82

with adjust-
ment for
childhood
size

− 0.005 (− 0.019,
0.009)

0.45 − 0.004 (− 0.064,
0.056)

0.89 − 0.6 (− 3.3, 2.2) 0.68 − 0.1 (− 2.8, 1.7) 0.60

Absolute changes in plasma glucose (regression coefficients)
and proportional changes in serum insulin are expressed per
unit change in each independent variable.

All analyses standardized for age, sex, town, time of day and
(post-load samples) post-load interval.
Adjustment for childhood size includes height and ponderal
index at 10–11 years



whose mothers reported having a diagnosis of dia-
betes at any time.

When the relationships between birthweight and
insulin were re-examined in the subjects with birth re-
cord data, very similar results were found. After ad-
justment for childhood height and ponderal index, a
1-kg increase in birthweight was associated with a
19.0% fall in fasting insulin (p = 0.02) and a 12.5%
fall in post-load insulin (p = 0.04). Birth length
showed weak inverse relations with insulin, particu-
larly post-load insulin, after adjustment for childhood
height and ponderal index. A 1-cm increase in birth
length was associated with a change in fasting insulin
of −2.0% (95% confidence interval −5.9 to 2.0%,
p = 0.16) and a change in post-load insulin of −2.5%
(95% confidence interval −0.5 to −4.5, p = 0.05).
However, ponderal index at birth showed no relation
with either fasting or post-load insulin levels either
before or after adjustment for childhood size (Ta-
ble 2).

Birthweight, childhood size and insulin level. The pos-
sibility that the relationship between birthweight and
insulin level depended on height or ponderal index in
childhood was examined. The relations between fifths
of birthweight, childhood ponderal index and insulin
level are presented in Figure 2. In both cases, the high-
est mean insulin levels were observed in the groups of
subjects who were lightest at birth and had the highest
ponderal index in childhood. The relationship be-
tween birthweight and fasting insulin appeared some-
what stronger in the top fifth of the childhood pon-
deral index distribution than in the other four groups,
but the statistical evidence for difference between
them was not strong (p = 0.07). The relationship be-
tween birthweight and post-load insulin did not ap-
pear stronger in the top fifth of the ponderal index dis-
tribution than in the other four groups (p = 0.50). The
replacement of childhood ponderal index by child-
hood weight produced very similar results. The rela-
tions between birthweight and insulin were similar in
all fifths of childhood height (data not presented).

To compare the influence of birthweight and child-
hood ponderal index on insulin levels, the propor-
tional changes in insulin level for a 1 SD difference
in each of these measures were calculated. In the
case of fasting insulin, a 1 SD increase in birthweight
was associated with a change of −8.8% (95% confi-
dence interval −3.7 to −13.4%), compared with a
change of 27.2% (95% confidence interval 20.7 to
33.8%) for a 1 SD increase in childhood ponderal
index – a size difference of more than threefold.
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Fig. 1. (a–d) Plasma glucose and serum insulin: relations with
birthweight and ponderal index at birth (fifths). (a) birth-
weight and glucose, (b) ponderal index at birth and glucose,
(c) birthweight and insulin, (d) ponderal index at birth and in-
sulin. F, fasting; PL, post-load. Figures are adjusted for age,
sex, town, time of day and (for post-load samples) interval be-
tween glucose load and venepuncture; dotted lines indicate ef-
fect of additional adjustment for childhood height and pon-
deral index. Insulin values are geometric means



Similarly, in the case of post-load insulin, a 1 SD in-
crease in birthweight was associated with a change
of −6.3% (95% confidence interval −1.9 to −10.5%),
compared with a change of 21.9% (95% confidence
interval 16.5 to 27.4%) for a 1 SD increase in child-
hood ponderal index.

Birthweight, beta-cell function and insulin resistance:
HOMA model. After adjustment for childhood
height and ponderal index, birthweight was inversely
related to the HOMA estimate of insulin resistance
(change in insulin resistance [SE] for a 1-kg increase
in birthweight = −1.046 [0.303] mmol × pmol/l,
p = 0.0006) but not to pancreatic beta-cell function
(change in beta-cell function for a 1-kg increase in
birthweight = −0.102 [0.087] mmol/pmol, p = 0.24).
Again, however, the relative influence of childhood
ponderal index (studied as the effect of a 1 SD in-
crease) on insulin resistance was stronger than that
of birthweight, by a factor of 2.6.

Discussion

Although studies in adults have consistently demon-
strated associations between size at birth and glucose
intolerance or prevalence of NIDDM [5–11], the re-
lation between size at birth and post-load glucose
measurements in children has been inconsistent. In
one British study of 7-year-olds a poorly graded in-
verse relation between ponderal index at birth (but
not birthweight) and 30-min post-load glucose was
observed [14]. In a study of 4-year-old Indian children
with considerably lower mean birthweight, an inverse
association between birthweight and 30 min post-
load glucose levels was observed in 201 routine deliv-
eries, but no association was seen in 178 low-birth-
weight children (less than 2000 g) looked after in a
special care baby unit [15]. In 610 Jamaican children
aged 6–10 years, birth length showed a statistically
significant inverse association with glycated haemo-
globin level while birthweight and ponderal index at
birth did not [16]. The results of the present studies
suggest that size at birth is not related to glucose tol-
erance at the end of the first decade, at least in chil-
dren in a ‘developed’ country.

Despite the lack of an association with glucose tol-
erance, birthweight is inversely related to fasting in-
sulin, a consistent marker of insulin resistance in nor-
moglycaemic subjects [21], and to post-load insulin.
However, these associations are dependent on adjust-
ment for childhood size, a procedure which has been
criticised on the grounds that childhood size may be
an intervening variable in the causal pathway [22].
However, if childhood size were an intervening vari-
able, adjustment might be expected to weaken the as-
sociation between birthweight and insulin, rather
than to strengthen it as observed here. Inverse associ-
ations between birthweight and fasting insulin level,
although not observed in Hertfordshire, have been
reported in two studies of adults [7, 9], although not
in the two smaller previous studies of children [14,
15]. An inverse association between birthweight and
post-load insulin as described in the present study
has been more widely described in adults [5–7, 9],
and was also reported for 30-min insulin in the earlier
study of Indian children [15]. The inverse associations
between birthweight, insulin and the HOMA esti-
mates of insulin resistance and beta-cell function
would be entirely consistent with a long-term associa-
tion between size at birth and insulin resistance [7, 12,
13] – although not necessarily with the ‘insulin resis-
tance syndrome’ [23]. Although birthweight is in-
versely related to blood pressure as well as to insulin
level in this study population [24], it is not related to
central obesity, triglyceride and HDL-cholesterol
(data not presented). The absence of associations be-
tween size at birth and these factors is consistent
with the results of some adult studies [7, 9]. The re-
sults do not support the earlier suggestion that small
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5, 13.7 to 22.6. Insulin values are geometric means



size at birth is related to a diminished pancreatic
beta-cell mass and reduced insulin secretion [5, 6] –
or at least suggest that this association does not be-
come apparent during the childhood years.

Possible mechanisms for the influence of birth-
weight on insulin resistance have recently been re-
viewed in detail elsewhere [7]. Fetal undernutrition
in the second trimester of pregnancy (associated
with thinness at birth, and secondary to maternal un-
dernutrition) has been postulated to play a central
role [1, 4]. However, in the present study we failed
to find an association between thinness at birth and
insulin level. This was not simply a question of statis-
tical power, because the inverse relations between
birthweight and insulin level observed in the full
data set were also apparent, and statistically signifi-
cant, in the subjects with birth record data. Although
the birth length measurements made under routine
conditions are unlikely to be highly precise, they are
unlikely to be systematically biased with respect to
the other variables measured. Moreover, the strong
correlation between length at birth and birthweight,
two separately measured variables, in these subjects
(n = 523, r = 0.60) supports the overall validity of the
length measurements. Our findings are in any case
highly consistent with those of earlier studies in chil-
dren [14–16], which also failed to find any association
between thinness at birth and insulin level.

While early life factors appear to influence insulin
levels and the development of insulin resistance at
the end of the first decade, childhood body build, par-
ticularly degree of overweight or obesity, plays a
more important role. This finding is not affected by
the use of the interquartile range rather than the SD
as the unit of comparison. The relative difference is
not the result of imprecision of birthweight assess-
ment by maternal recall; the strength of the relation-
ships between birth record birthweight data and insu-
lin are very similar to those obtained using maternal
recall. Moreover, although it has been suggested that
birthweight is an imprecise marker of later cardiovas-
cular risk when compared with other markers of size
at birth [1], none of the other birth size measures
studied here is more closely related to insulin level.
The strong relation between childhood body build
and insulin levels, both fasting and post-load, has
been well-documented [25], and is apparent in both
the earlier studies examining birthweight-insulin re-
lations in children [14, 15]. For example, in the study
by Law et al. [14], between the bottom and top quar-
ters of the childhood weight distribution there was
an increase in fasting insulin of almost 55%, com-
pared with an increase of 5% between the corre-
sponding quarters of the distribution of birth weight.

‘Tracking’ of blood glucose metabolism in child-
hood has been described [26] and it is possible that
the relation between birthweight and insulin
resistance will be amplified with age (as with the

relationship between birthweight and blood pressure
[27, 28] ). The observations from a Swedish adult co-
hort also suggest that the associations may become
more pronounced in those who develop the greatest
degree of overweight in adult life [7]. However, these
possibilities require further substantiation in younger
subjects. Studies (particularly longitudinal studies)
examining the relative influence of size at birth and
current obesity on insulin resistance at different ages
in childhood and early adult life, are urgently needed.
Moreover, and crucially, the extent to which environ-
mental factors amenable to intervention, perhaps in-
cluding maternal nutrition [1], underlie the relation
between birthweight and insulin resistance needs to
be established.
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