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ABSTRACT
Background: The results of epidemiologic studies have linked
birth size to adult glucose intolerance.
Objective: We investigated this association in a genetically homo-
geneous population with higher birth weights and a lower preva-
lence of type 2 diabetes than previously studied.
Design: The subjects were 2362 men and 2286 women aged
33–65 y. Size at birth was obtained from the National Archives of
Iceland. Data for adult anthropometry, fasting blood glucose, and
blood glucose after an oral glucose load came from the random-
ized prospective Reykjavík Study.
Results: Postchallenge glucose concentrations were inversely
related to birth weight and length in men and inversely related to
birth weight and ponderal index in women (P < 0.001). This asso-
ciation was mainly found among those within the highest one-
third of adult body mass index values. In men, the prevalence of
dysglycemia was lower with increasing weight (P = 0.04) and
length (P = 0.003) at birth but there was no relation of dys-
glycemia to ponderal index. For women, there was no linear trend
for dysglycemia in relation to size at birth but the relation with
birth length was U shaped.
Conclusions: Greater birth weight and length appear to offer a
protective effect against glucose intolerance. Adult overweight
or obesity enhances the risk associated with low birth weight and
length. Because the population studied has higher birth weights
and a lower prevalence of type 2 diabetes than are found in
neighboring countries, it is possible that decreasing the number
of low–birth weight infants might help to stem the increasing
prevalence of type 2 diabetes worldwide. Am J Clin Nutr
2002;76:399–403.
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INTRODUCTION

Many epidemiologic studies have found an association
between reduced size at birth [birth weight, birth length, and
ponderal index (in kg/m3)] and impaired glucose tolerance and
type 2 diabetes mellitus, ie, dysglycemia (1–5). Although this
relation seems to exist throughout the normal birth weight spec-
trum, it appears to be exaggerated at the lower end of the birth
weight range.

The most popular hypothesis for explaining these observations
is that inadequate nutrition permanently programs the endocrine
systems involved in nutritional homeostasis (6). This has caused
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scientists to focus on lifestyle and nutritional factors as well as on
maternal nutritional status before and during pregnancy (6–8).

Iceland is geographically isolated and has a small, relatively
genetically homogeneous population (9). The birth weights of Ice-
landic children are among the highest in the world (10–13), in
contrast with the groups previously used in studying this subject.
Furthermore, the prevalence of type 2 diabetes is lower in Iceland
than in the genetically related nations of Scandinavia (14), despite
a higher prevalence of obesity (15). The aim of this study was to
investigate the relation between size at birth and adult glucose
intolerance in Icelanders.

SUBJECTS AND METHODS

Study population

The study population was a subcohort of the randomly selected
participants in the ongoing prospective Reykjavík Study (16),
including those born in the greater Reykjavík area in 1914–1935
who were still living in Reykjavík in 1967 (n = 6120). Complete
midwives’ birth records for 78.9% of the individuals were avail-
able at the National Archives of Iceland; of these, 180 were
excluded: 53 twins, 8 persons with type 1 diabetes, and 119 per-
sons who were > 65 y of age. The current analysis thus includes
4648 subjects aged 33–65 y. Ethical approval was granted by The
Icelandic Data Protection Commission and The National Bioethics
Committee, and the subjects gave written, informed consent.

Collection of birth data

Midwives’ birth records included sex, birth weight (kg),
crown-heel length (cm), and whether a birth was a singleton. Pon-
deral index was calculated. Preterm births were not identified
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TABLE 1
Birth and adult size and adult blood glucose values in a cohort of
participants in the Reykjavík Study1

Men Women

Birth weight (kg) 3.82 ± 0.6 [2345] 3.68 ± 0.52 [2273]
Birth length (cm) 52.7 ± 2.5 [2356] 52.1 ± 2.32 [2281]
Ponderal index (kg/m3) 26.1 ± 3.4 [2340] 26.1 ± 3.3 [2269]
Adult weight (kg) 82.3 ± 12.5 [2355] 67.8 ± 11.42 [2278]
Adult height (cm) 177.7 ± 6.5 [2360] 164.8 ± 5.62 [2284]
Adult BMI (kg/m2) 26.0 ± 3.6 [2355] 25.0 ± 4.02 [2277]
Fasting glucose (mmol/L) 4.6 ± 0.8 [2348] 4.4 ± 0.62 [2284]
90-Min glucose (mmol/L) 5.6 ± 2.0 [2331] 5.7 ± 1.62 [2264]

1 x– ± SD; n in brackets.
2 Significantly different from men, P < 0.001.

clearly in the birth records. All newborns were therefore included
in the study.

Collection of adult data

The Reykjavík Study measured capillary whole-blood glucose
(from the ear lobe) after the subjects had fasted for 10 h and 90 min
after an oral intake of 50 g glucose. Glucose was measured as pre-
viously described (14). Weight and height were recorded. Infor-
mation was collected by questionnaire about prior diagnoses of
type 1 or 2 diabetes, education, and current regular physical activ-
ity. Subjects were classified as having type 2 diabetes if they
reported so, if fasting glucose values were ≥ 6.1 mmol/L, or if 90-
min glucose values were ≥ 11.1 mmol/L (14). Impaired glucose
tolerance was defined as fasting glucose < 6.1 mmol/L and 90-min
glucose ≥ 7.8–11.0 mmol/L. Dysglycemia is used here as a collec-
tive term including impaired glucose tolerance and type 2 diabetes.

Statistical analysis

Means and SDs were used to describe the basic data. The Stu-
dent’s t test was used to compare these data for men and women.
Blood glucose distributions were skewed and thus log transformed
for analysis. For analysis of the trend in blood glucose values across
the range of birth weight, length, and ponderal index, linear regres-
sion was used. In those analyses, individuals claiming to be diabetic
were excluded (n = 50) because medication might have affected their
glucose values. Adult body mass index (BMI; in kg/m2) values were
divided into approximate thirds and linear regression analysis per-
formed within each to analyze the trend in blood glucose values
within each BMI category.

For testing significance between odds ratios across quartiles of
birth size, logistic regression was used. The reference group for
birth weight was > 3.75–4.0 kg and for birth length > 52–54 cm (the
third-quartile groups). Trend analysis for dysglycemia across quar-
tiles of birth size was done with continuous birth size variables,
with the use of logistic regression. For all analyses that used linear
or logistic regressions, data were adjusted for age at examination
and year of arrival at the clinic. Year of birth correlated (Kendall
correlation) negatively with birth weight (r = �0.046, P < 0.001)
and positively with birth length (r = 0.13, P < 0.001) and was
adjusted for. Data were also tested after adjustment for educational
status (elementary school, junior high, college or university degree)
as a proxy for social class and for current regular physical activity
(as a yes or no question regarding regular physical activity in the
questionnaire). P < 0.05 was considered statistically significant.
The statistical software used was SPSS for WINDOWS, version 9
(SPSS Inc, Chicago).

RESULTS

Anthropometry on subjects at birth and as adults and blood glu-
cose values are shown in Table 1. Men were heavier and taller than
women, at birth as well as in adulthood (P < 0.001), although their
ponderal indexes at birth were not significantly different (P = 0.416).
The mean (± SD) age of the subjects was 50 ± 7 y. The prevalence of
dysglycemia was 11.8% for men and 8.9% for women. The preva-
lence of type 2 diabetes was 3.4% for men and 2.2% for women.

For fasting glucose values, an inverse relation with birth weight
was found after adjustment for current BMI in men (P = 0.007). This
relation was found for length at birth for men both before (P = 0.018)
and after (P = 0.012) adjustment for BMI. For women, the only signi-
ficant trend found was with birth weight after adjustment for BMI
(P = 0.036). No such association was observed for ponderal index.

For 90-min blood glucose values, an inverse relation with birth
weight and length was found (Tables 2 and 3). Linear regression for
birth weight and length and 90-min glucose values for underweight
women (BMI < 20; n = 145) showed that these variables were
responsible for the trend in the lowest one-third of BMI values
(P < 0.001); there was no association for the rest of the lowest third,
for either birth weight (P = 0.272) or length (P = 0.095). Ponderal
index was inversely related to 90-min glucose in women (P = 0.003)
but not in men (P = 0.299). When the range of BMI values was split
into thirds, the trend for ponderal index held only for women in the
middle (P = 0.036) and highest (P = 0.006) categories of BMI.

The risk of developing dysglycemia in relation to categories of
birth weight was estimated with odds ratios, with the use of the third
category as the reference group (> 3.75–4.0 kg; Figure 1). As
shown, the group with the highest birth weight always had the low-
est relative odds ratio, although this difference was not statistically
significant. For men, there was a significant trend toward a lower
prevalence of dysglycemia with increasing birth weight, both before
(P = 0.04) and after (P = 0.018) adjustment for BMI, as well as with
length, both before (P = 0.003) and after (P = 0.003) adjustment for
BMI, but this was not the case for women. The relation with length
at birth in women was U shaped, and each category was signifi-
cantly different from the reference group (Figure 1). No association
was found between dysglycemia and ponderal index, in either the
odds ratio or trend values. Adjustment for educational status and
regular physical activity did not affect the results.

Calculating the risk of dysglycemia with increasing BMI, with
the use of the lowest one-third of BMI values as the reference,
gave odds ratios of 1.5 (P = 0.03) and 2.3 (P = 0.002) in the mid-
dle and highest BMI groups, respectively, for men, and 1.0 (P =
0.275) and 1.6 (P = 0.007) in the middle and highest BMI groups,
respectively, for women.

DISCUSSION
The results of the present study confirm the previously

observed inverse association between weight and length at birth
and adult glucose intolerance (4, 5, 7, 17). Dividing the subjects
into approximate thirds according to adult BMI showed that the
association is mainly found among subjects who become over-
weight or obese later in life, as previously suggested (4, 8).

When odds ratios are used for comparison, it is evident that the
association between birth weight and adult dysglycemia seen in
this study is weak. For example, the odds ratio for the lowest cat-
egory in relation to the reference category was 1.1–1.2 in this
study; others have published odds ratios of 1.8–6.4 and even 12.1
(1–5). The birth weights of children in Iceland are exceptionally
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TABLE 2
Birth weight, adult BMI, and geometric mean concentration of blood glucose 90 min after an oral glucose challenge in a cohort of participants in the
Reykjavík Study1

Birth weight (kg)

≤3.45 >3.45–3.75 >3.75–4.0 >4.0
(n = 500 M, (n = 637 M, (n = 527 M, (n = 625 M, Regression coefficient

649 F) 720 F) 461 F) 404 F) (95% CI)2 P for trend

Men
BMI (kg/m2)

All (n = 2289) 5.4 5.5 5.3 5.1 �0.27 (�0.19, �0.41) <0.001
≤24.5 (n = 787) 5.0 5.3 5.2 5.0 �0.05 (0.17, �0.27) 0.434
>24.5 to ≤27.0 (n = 705) 5.4 5.5 5.1 5.0 �0.42 (�0.20, �0.64) <0.001
>27.0 (n = 793) 5.9 5.8 5.6 5.2 �0.48 (�0.26, �0.70) <0.001

Women
BMI (kg/m2)

All (n = 2234) 5.7 5.5 5.5 5.4 �0.26 (�0.15, �0.37) <0.001
≤23.0 (n = 759) 5.6 5.4 5.3 5.3 �0.23 (�0.01, �0.45) 0.008
>23.0 to ≤26.0 (n = 755) 5.6 5.5 5.5 5.3 �0.20 (0.02, �0.42) 0.051
>26.0 (n = 711) 5.9 5.6 5.8 5.5 �0.33 (�0.11, �0.44) 0.01

1 Geometric x–.
2 Not calculated on a logarithmic scale.

TABLE 3
Birth length, adult BMI, and geometric mean concentration of blood glucose 90 min after an oral glucose challenge in a cohort of participants in the
Reykjavík Study1

Birth length (cm)

≤50 >50–52 >52–54 >54
(n = 433 M, (n = 680 M, (n = 720 M, (n = 467 M, Regression coefficient

646 F) 689 F) 586 F) 321 F) (95% CI)2 P for trend

Men
BMI

All (n = 2300) 5.6 5.4 5.3 5.1 �0.06 (�0.03, �0.09) <0.001
≤24.5 (n = 791) 5.2 5.1 5.1 5.0 �0.03 (0.02, �0.08) 0.272
>24.5 to ≤27.0 (n = 709) 5.5 5.4 5.2 5.0 �0.07 (�0.02, �0.12) 0.009
>27.0 (n = 795) 6.0 5.6 5.6 5.2 �0.09 (�0.03, �0.15) 0.001

Women
BMI

All (n = 2242) 5.6 5.5 5.5 5.5 �0.03 (0, �0.06) 0.053
≤23.0 (n = 763) 5.6 5.4 5.4 5.2 �0.05 (�0.005, �0.095) 0.017
>23.0 to ≤26.0 (n = 757) 5.6 5.4 5.4 5.6 �0.01 (0.04, �0.06) 0.717
>26.0 (n = 713) 5.7 5.7 5.7 5.6 �0.01 (0.04, �0.06) 0.803

1 Geometric x–.
2 Not calculated on a logarithmic scale.

high, among the highest in the world (10–13) and higher than in
comparable studies (1–5, 7, 17, 18). This might suggest that
because the relation between birth weight and dysglycemia seems
to be steepest at the lower end of the international birth weight
scale, one would not see as clear a difference between those with
the lowest birth weight and the reference group in a population
that has been well nourished over a long period and that has high
birth weights. It is thus remarkable to find a relation at all between
fetal growth and adult dysglycemia, especially given the relative
adult obesity (15) and low prevalence of diabetes in Iceland (14).

A noteworthy finding is the decreasing 90-min blood glucose
values observed with increasing birth weight and length in
women who are thin as adults (BMI < 20). This might be an index
of relative insulin deficiency rather than insulin resistance in this
subgroup.

A consistently low prevalence of dysglycemia in those with
very high birth weights was seen in all analyses using odds
ratios, a pattern that has been seen in most (1, 2, 4, 5) but not all (3)

studies. The increased prevalence of type 2 diabetes that has
been observed with very high birth weights has been attributed
in part to gestational diabetes, resulting in large babies prone to
diabetes later in life. In Iceland the prevalence of gestational dia-
betes is low (19), making this an unlikely explanation for the
high birth weight.

The data used in this study are from the 30 000-subject longi-
tudinal Reykjavík Study carried out by the Icelandic Heart Asso-
ciation in 1967–1997. The population invited to participate in the
study were randomly selected groups of males and females born
in 1907–1935 and with legal residence in the greater Reykjavík
area. In our study, we included those born in Reykjavík in
1914–1935 because midwives’ records before that time did not
include anthropometric measurements. Iceland is an ideal loca-
tion for epidemiologic studies because of its geographical isola-
tion and the relatively genetically homogeneous nature of its small
population. The Reykjavík Study is unique because the participa-
tion rate was very high and information on an exceptionally large
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FIGURE 1. Odds ratios and 95% CIs for dysglycemia, ie, type 2 dia-
betes or impaired glucose tolerance, by quartiles of birth weight and
length adjusted for BMI. �, men; P for trend = 0.018 (top) and 0.003
(bottom); �, women; P for trend = 0.091 (top) and 0.225 (bottom).

number of factors was collected. The study provided valuable
information about the health status of Icelanders.

The large birth sizes in Iceland might be explained by nutri-
tional factors, such as a high-protein diet, especially from milk
and fish, throughout the century (20–22). n–3 Fatty acid con-
sumption, mainly from cod liver oil, which was still consumed by
one-half the population in 1990, may be of particular importance
because it may not only affect fetal development but also prolong
gestation (21, 23), resulting in newborns of higher birth weight.
Icelandic women are tall; the mean BMI of women of childbear-
ing age at the time of the study was 24.4 (24), and they gain con-
siderable weight during pregnancy (on average 15 kg; 11). All
these factors relate to size at birth. The high birth weight in Ice-
land may contribute to the lower incidence of type 2 diabetes than
is found in Scandinavia, which cannot be explained by lower
BMIs in Iceland than in the Scandinavian countries (14, 15).

Genes also influence fetal growth and disease, and some
researchers suggest that individual susceptibility to diabetes is
primarily genetically determined (25). The same genetic influ-
ences are hypothesized to alter both intrauterine growth and adult
dysglycemia, for example, by a mutation in the glucokinase gene
(25, 26).

The strongest association found in the present study was
between dysglycemia and length at birth, which has been seen in
other studies (1, 18). It was suggested that genetic influences
affect length more than they do weight (27, 28). However, body
length has been increasing in Iceland and many other countries
during the past century, which strongly implies a nutritional rather

than a genetic cause. The relative importance of environment and
genetics to fetal growth cannot be determined from the data of the
present study, although genetic homogeneity (9) minimizes pos-
sible confounding by genetic admixture. The predisposition of
smaller children to type 2 diabetes and vascular disease is thus
likely to be the result of both genetic and environmental factors
(26), the interaction of which needs further study (25). The most
popular hypothesis to explain the epidemiologic observations is
that inadequate nutrition permanently programs the endocrine sys-
tems involved in nutritional homeostasis (6). It is known that sev-
eral maternal factors influence birth weight, such as heredity (25)
and the mother’s own fetal and childhood growth, body composi-
tion before pregnancy, weight gain during pregnancy, and diet
before and during pregnancy (6). The main causes of intrauterine
malnutrition are poor maternal nutrition, placental insufficiency
(poor transfer capacity), and impaired fetal use of nutrients (29).
It was shown in animal studies that if mothers are undernourished
during pregnancy the offspring show persistent changes in insulin
secretion and in responsiveness to the hormone (8). For example,
low-protein manipulations in rat pregnancy elicit different pro-
gramming effects on the developing cardiovasculature as well as
reducing the birth weight of the pups. The balance of nutrients
might be a critical determinant of the long-term health effects of
maternal malnutrition in pregnancy (30). It is important to do epi-
demiologic studies on the association between size at birth and
later diseases in different areas with different populations and
dietary habits, because this can yield valuable indications about
the mechanism behind the association.

It was suggested that postnatal change in size might be of equal
importance in programming for future diseases (31). This view is
supported by studies showing that the path of growth through
childhood modifies the risk of adult disease (1, 32, 33). This seems
plausible, but more studies are needed to get a clear picture of the
role of events during both fetal and childhood development, as
well as other influences throughout life, that may contribute to
future diseases. The sex difference found in the study might thus
be caused by the different growth patterns of girls and boys in
utero (6) and by endocrinologic differences between men and
women later in life (1). This should be studied further because it
might be important for future recommendations.

In conclusion, a protective effect of increased birth weight
and length with regard to glucose intolerance was seen in a pop-
ulation with higher average birth size than was previously inves-
tigated. Adult overweight and obesity enhanced the risk of low
birth weight and length. Because the population studied had a
lower prevalence of type 2 diabetes despite a higher prevalence
of obesity than is found in neighboring countries, measures
aimed at decreasing the number of low–birth weight infants
might to some extent offset the risk associated with adult obe-
sity and help in the battle against the increasing prevalence of
type 2 diabetes worldwide.

We thank Orn Olafsson, Helgi Sigvaldason, and Nikulas Sigfusson for their
valuable help in data preparation and calculations and the employees at the
National Archives of Iceland for their assistance.
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