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Invited commentary
Fatal ﬂaw in the fetal argument

Over the past 20 years there has been an increasing amount of
attention given over to the idea that size at birth may be an
important determinant of chronic disease, and in particular of
CVD, in later life. Although not an entirely new concept, with
variants of the theory having ﬁrst been propounded back in
the early 20th century by Kermack et al. (1934) and then later
by Forsdahl (1977), its more recent resurgence was in part due
to the suggestion that classical risk factors, such as blood pressure, cholesterol and smoking, had limited ability to predict
CHD (Godfrey & Barker, 2000).
The fetal origins hypothesis suggests that, as a response to an
intra-uterine assault such as inadequate nutrition, the fetus
adapts by selectively partitioning the nutrient supplies to organs
such as the brain at the expense of visceral organs, including
the liver and muscle, a process known as ‘brain-sparing’
(Barker, 1993). Consequently, depending on the timing of the
intra-uterine assault, the infant is either born small-for-gestational-age or born with normal body weight but with a disproportionate body size (e.g. long and thin). Such a response is thought
to confer a survival advantage on the undersized baby, but subsequently to render the individual susceptible to the development
of chronic disease risk factors, including high blood pressure,
insulin resistance and abnormal lipid proﬁles in adult life
(Barker, 1993). Most of the evidence in support of the hypothesis
has come from observational epidemiological studies that have
related small size at birth to increased risk of disease in later
life. Such studies, however, are often beset by a number of methodological problems – chief among which is confounding, and if
the study is small, random error (or ‘chance’) – both of which
may generate a spurious association between a risk factor and
an outcome (MacMahon & Collins, 2001).
One method by which to overcome the role of chance in generating an association (i.e. reduce random error) is to aggregate all
available data in a meta-analysis (Egger & Davey Smith, 1997).
We recently published a meta-analysis of seventy-nine studies
(with information on more than 70 000 individuals) that reported
on the association between birth weight and lipid variables
(Huxley et al. 2004). It was concluded that size at birth had a negligible impact on total cholesterol levels in adult life and that previous impressions of a robust link may have been reinforced by
the large number of reports of associations between birth
weight and other components of the lipid proﬁle (Huxley et al.
2004). For example, in that review, associations with birth
weight were also provided for blood levels of HDL-cholesterol
in forty-six of the seventy-nine studies, LDL-cholesterol in
thirty-four studies, triacylglycerols in forty-three studies, apo A
in thirteen studies, and apo B in fourteen studies. But most of
these associations were null, including those for triacylglycerols

(in contrast with a recent review; Lauren et al. 2003), and – as
was the case for total cholesterol – inverse associations tended
to be observed more commonly in smaller studies. In line with
these ﬁndings, the study by Tuya et al. (2006), published in the
present issue of British Journal of Nutrition, showed no evidence
of a relationship between birth size and later lipid levels among
twins, whereas in the smaller sample of singletons, weak inverse
associations between birth weight and total cholesterol, and with
LDL-cholesterol, were reported. Similar to previous twin studies
that were unable to demonstrate associations between size at birth
and subsequent risk, the authors invoke the ‘post hoc’ proposal
that twins might experience a special type of growth retardation
to explain these differences (Vågerö & Leon, 1994).
An alternative, simpler explanation is that confounding, for
example by social class, may have generated the reported inverse
associations between birth weight and cholesterol in singletons.
Although the authors controlled for the important effects of age,
sex and gestational age, they were unable to adjust for social
class, an important limitation when considering the impact of
socio-economic status on lifestyle factors (such as smoking,
physical activity and diet) that are related both to birth weight
and, independently, to cardiovascular risk factors (including
blood cholesterol; Luepker et al. 1993; Bucker & Ragland,
1995). In an earlier review of the association between birth
weight and subsequent blood pressure we demonstrated how failing to adjust for important confounders could substantially inﬂate
the reported inverse association between birth weight and subsequent blood pressure (Huxley et al. 2002a).
An advantage of twin studies is that because twins experience
similar environments before birth and in childhood, studies within
twin pairs should be less prone to the effects of confounding by
other factors than are studies involving singleton births. Moreover, analysis of monozygotic twin pairs alone should avoid
any genetic effects on the association between birth weight and
blood cholesterol level in later life. Twins also tend to differ
more substantially in weight (often by as much as 1 kg) than do
singletons, so any associated differences in subsequent risk
factor levels should be greater between twins. The lack of any
association between birth size and lipids in twins reported
by Tuya et al. (2006) suggests that confounding, rather than a
differential growth process, may be driving the weak inverse
associations observed in singletons.
Supporters of the fetal origins hypothesis criticize birth weight as
being a crude measure of fetal growth, which it is, and advocate it
should be replaced by more accurate indicators of maternal and
fetal nutrition. However, evidence from animal and human studies
of maternal diet also tends to suggest that maternal undernutrition
and lower birth weight are not strongly associated with higher
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blood cholesterol levels in offspring. For example, one study found
that restricting protein intake by pregnant rats led both to reduced
birth weight and to reduced – rather than increased – blood cholesterol levels in the adult offspring (Lucas et al. 1996). Similarly, in
human populations, the Dutch Famine study found that individuals
who were exposed in utero to maternal undernutrition during mid or
late gestation had lower – not higher – blood cholesterol levels in
adult life than did non-exposed controls (Roseboom et al. 2000).
Nor was any association found between birth weight and subsequent
blood total cholesterol in either the Dutch Famine study (Roseboom
et al. 2000) or the Leningrad Siege study (Stanner et al. 1997). In
contrast, there is some evidence from a randomized trial of preterm
infants that nutrition in early infancy may inﬂuence subsequent lipid
levels in adolescents (Singhal et al. 2004).
Since large babies tend to become large adults, even if there is a
causal association between lower birth weight and higher blood
cholesterol, this effect might well be outweighed by the lower
cholesterol level that is associated with the lower current weight
associated with lower birth weight. Moreover, realistic increases
in birth weight would be associated with total cholesterol levels
only 0.005 mmol/l lower, which might be expected to reduce coronary disease risk by less than 0.025 % (Huxley et al. 2002b). Hence,
from a public health perspective, small changes in birth weight are
unlikely to materially inﬂuence cardiovascular risk in later life.
Moreover, with recent epidemiological studies demonstrating that
classical risk factors can explain between 80 and 90 % of the
global burden of CVD (Yusuf et al. 2004), the suggestion that the
early-life environment is an important determinant of subsequent
CVD risk remains, at best, controversial.
Rachel Huxley
Senior Epidemiologist
The George Institute, University of Sydney,
PO Box M201, Missenden Road,
NSW 2050, Australia
rhuxley@iih.usyd.edu

References
Barker DJP (1993) Fetal and Infant Origins of Adult Disease. London:
BMJ Books.
Bucker HC & Ragland DR (1995) Socioeconomic indicators and mortality
from coronary heart disease and cancer: a 22-year follow-up of middle
aged men. Am J Public Health 85, 1231–1236.
Egger M & Davey Smith G (1997) Meta-analysis: potentials and promise.
BMJ 315, 1371–1374.

Forsdahl A (1977) Are poor living conditions in childhood and adolescence an important risk factor for arteriosclerotic heart disease? Br J
Prev Soc Med 31, 91 –95.
Godfrey KM & Barker DJP (2000) Fetal nutrition and adult disease. Am J
Clin Nutr 71, 1344S–1352S.
Huxley R, Neil A & Collins R (2002a) Unravelling the fetal origins
hypothesis: is there really an inverse association between birth
weight and subsequent blood pressure? Lancet 360, 659– 665.
Huxley R, Lewington S & Clarke R (2002b) Cholesterol and coronary
heart disease: a review of the evidence from observational studies
and randomised controlled trials. Semin Vasc Med 2, 315 –325
(PMD 1622262).
Huxley R, Owen CG, Whincup PW, Cook G, Colman S & Collins R
(2004) Birth weight and subsequent cholesterol levels: exploration of
the ‘fetal origins’ hypothesis. JAMA 292, 2755–2785.
Kermack WO, McKendrick AG & McKinlay PL (1934) Death-rates in
Great Britain and Sweden. Some general regularities and their signiﬁcance. Lancet i, 698–703.
Lauren L, Jarvelin M-R, Elliott P, et al. (2003) Relationship between
birthweight and blood lipid concentrations in later life: evidence from
the existing literature. Int J Epidemiol 32, 862– 876.
Lucas A, Baker BA, Desai M & Hales CN (1996) Nutrition in pregnancy
or lactating rats programs lipid metabolism in the offspring. Br J Nutr
76, 605 –612.
Luepker RV, Rosamond WD, Murphy R, Sprafka JM, Folsom AR, McGovern PG & Blackburn H (1993) Socioeconomic status and coronary
heart disease risk factor trend. The Minnesota Heart Study. Circulation
88, 2172–2179.
MacMahon S & Collins R (2001) Reliable assessment of the effects of
treatment on mortality and major morbidity, II: observational studies.
Lancet 357, 455 –462.
Roseboom TJ, van der Meulen JH, Osmond C, Barker DJ, Ravelli AC &
Bleker OP (2000) Plasma lipid proﬁles in adults after prenatal exposure
to the Dutch famine. Am J Clin Nutr 72, 1101–1106.
Singhal A, Cole TJ, Fewtrell M & Lucas A (2004) Breastmilk feeding and
lipoprotein proﬁle in adolescents born preterm: follow-up of a prospective randomised study. Lancet 363, 1571– 1578.
Stanner SA, Bulmer K, Andres C, Lanbsera OE, Borodina V, Poteen VV,
Yudkin JS (1997). Does malnutrition in utero determine diabetes and
coronary heart disease in adulthood? Results from the Leningrad
siege study, a cross-sectional study. BMJ 315, 1342–1348.
Tuya C, Mutch WJ, Haggarty P, Campbell DM, Cumming A, Kelly K,
Broom I & McNeill G (2006) The inﬂuence of birth weight and
genetic factors on lipid levels: a study in adult twins. Br J Nutr 95,
504–510.
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