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Prenatal nutrition and asthma:
hope or hype?
Seif O Shaheen

David Barker’s ‘‘fetal origins’’ hypothesis
has changed the way we think about the
aetiology of adult onset diseases, such as
coronary heart disease and type 2 dia-
betes.1 Underpinning the epidemiological
evidence are recent animal data which
suggest that fetal programming of these
diseases by prenatal nutrition may be
mediated through epigenetic mechan-
isms.2 If adult onset disease is partly
programmed in utero, it seems even more
plausible that the prenatal environment
influences the inception of asthma, which
may first manifest in infancy. A number
of exposures during pregnancy have been
implicated3–5 and, although data are con-
flicting, associations with birth anthro-
pometry prompted speculation that
prenatal nutrition might programme fetal
lung and immune development leading to
asthma and atopy.6 Given that the diet of
pregnant mothers has clearly changed
considerably while asthma has been ris-
ing, the notion that it might be modified
as a strategy for the primary prevention of
asthma has considerable appeal.7 This has
perhaps been reinforced by recent disap-
pointments with dietary interventions
aimed at secondary prevention of adult
asthma.8

NUTRIENTS, FOODS OR DIETARY
PATTERNS?
Trying to measure prenatal nutrition pre-
sents a major challenge for epidemiologists.
Estimating maternal dietary intake in
pregnancy, usually using a semiquantita-
tive food frequency questionnaire on one
occasion, leads to considerable exposure
misclassification, and fetal nutrition will
depend, not just on maternal intake, but
also on nutrient absorption by the mother,
placental transfer and fetal demand.
Nutrients measured in maternal blood
during pregnancy may be useful to validate
dietary intake, and biomarkers measured in
umbilical cord blood, cord tissue or decid-
uous tooth enamel may estimate fetal
exposure more precisely. Furthermore, bio-
markers may be the best way to capture
the overall status of nutrient exposures
such as vitamin D which are not exclu-
sively determined by diet.

Initial epidemiological interest focused
on the antioxidant hypothesis,9 and birth
cohort studies have reported associations
between wheezing in early childhood and
low prenatal selenium status,10 11 and low
maternal intakes of vitamin E and zinc.12–14

Following the observation of a link
between low maternal intake of vitamin
D and early wheezing,15 16 it has been
proposed that vitamin D deficiency in
pregnancy is the main cause of the asthma
epidemic in the West.17 However, given
that asthma was not common during the
industrial revolution when rickets was rife
in cities, this idea would appear to give, at

best, an incomplete account of the rise in
asthma. Low intakes of apples and fish in
pregnancy have also been associated with
an increased risk of wheezing, asthma and
other atopic outcomes in the offspring.18–20

One disadvantage of studying multiple
nutrients and foods is that many are
highly correlated with each other, making
it difficult to disentangle independent
effects. Another is that analysis of multi-
ple exposures and outcomes inevitably
leads to numerous statistical comparisons.
An alternative approach is to relate diet-
ary patterns to disease outcomes. This has
the advantage of reducing a large number
of dietary measurements down to a small
number of overall features of diet which
are uncorrelated. Dietary patterns can be
derived either by data driven methods
such as principal components analysis or
by defining a priori scores, as has been
used to describe a ‘‘Mediterranean’’ diet.
In this issue of Thorax, Chatzi and
colleagues21 have examined relations
between adherence to a Mediterranean
diet in pregnancy and wheeze and atopic
outcomes in the offspring in a relatively
small birth cohort in Menorca (see page
507). A high diet score was negatively
associated with persistent wheeze, atopic
wheeze and atopy at 6.5 years of age
although, as the score was condensed into
two categories, it is not possible to
determine whether there are ‘‘dose
response’’ relations that would favour a
causal interpretation. In fact, when the
score was analysed as a continuous vari-
able, only one of the three associations
remained significant. A key component of
a Mediterranean diet is fish, and it would
be of interest to know to what extent the
apparent effect of a Mediterranean diet on
atopic outcomes was explained by a high
intake of fish in pregnancy, as the latter
was shown to be negatively associated
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with similar childhood outcomes in the
same cohort.19 Furthermore, although the
main findings were not confounded by a
Mediterranean diet in childhood, it is not
clear whether they might partly be
explained by high intakes of certain
vegetables and fish, which were reported
to have protective effects on atopic out-
comes in previous cross sectional analyses
of these children.22 Dietary patterns in
pregnancy are strongly socially deter-
mined,23 and hence confounding of diet-
ary effects by sociodemographic and
lifestyle factors is a potential concern. It
is therefore important to control for these
factors as comprehensively as possible. For
example, controlling for maternal smok-
ing only as a binary variable may lead to
residual confounding. Controlling for
maternal asthma and atopy is useful as
an indirect means of assessing whether
avoidance of certain foods such as nuts
and oily fish by allergic mothers might
explain links between a low maternal
intake of vitamins E and D, respectively,
and a higher risk of atopic outcomes in
the offspring.

TOO MUCH OF A GOOD THING?
In contrast with the data above on
antioxidants and vitamin D, one birth
cohort study has reported that a higher
intake of raw sweet peppers and citrus
fruit in late pregnancy was associated
with an increased risk of sensitisation,20

and in the Aberdeen cohort a higher
intake of fruit and vitamin C intake in
pregnancy was associated with an
increased risk of early eczema.12 While
residual confounding by higher social class
(associated with higher consumption of
fruit, and with eczema), cannot be ruled
out, this seems an unlikely explanation, as
negative associations were seen between
fish intake (also associated with higher
social class) and eczema in the same
cohorts.18 20 These findings are consistent
with a recent hypothesis that antioxi-
dants may increase the risk of asthma and
allergic disease,24 which is contrary to the
currently accepted antioxidant–asthma
paradigm. A small birth cohort study
recently reported that higher blood levels
of vitamin D in pregnancy were associated
with an increased risk of asthma and atopy
later in childhood,25 and in a larger cohort,
vitamin D supplementation in infancy was
associated with an increased risk of later
atopy and allergic rhinitis.26 These data are
in keeping with the original vitamin D
hypothesis of Wjst and Dold, which argued
that a higher intake of vitamin D might
promote atopic disease.27

One way to reconcile the diverse find-
ings for antioxidants and vitamin D,
assuming that they have not arisen
through chance, bias or confounding, is
to speculate that maternal intake of
antioxidants and vitamin D is a ‘‘double-
edged sword’’, with effects varying with
phenotype. A higher intake may protect
against early non-atopic wheezing, asso-
ciated with small airways and viral infec-
tion, but may increase the risk of atopic
outcomes. This model is reminiscent of
some postnatal exposures, such as day
care and endotoxin, which also have
opposite effects on risks of early wheezing
versus later atopic wheezing. If true, then
supplementation with antioxidants or
vitamin D in pregnancy would not be an
appropriate strategy for the primary pre-
vention of atopic asthma.

JUMPING THE GUN?
Despite the muddied waters described
above, some investigators are eager to
proceed with intervention studies,17 and a
trial of vitamin D supplementation in
pregnancy is already planned in the UK,
although not primarily with respiratory or
atopic outcomes in mind. Intervention
with a single nutrient has advantages over
dietary modification. Nutrient supple-
mentation may be more appealing to
pregnant women, given that approxi-
mately 40% of adults in the UK take
supplements. Also, a trial of this kind can
be double blinded and placebo controlled.
In order to maximise efficacy, and mini-
mise adverse effects, initial screening of
potential participants would seem pru-
dent, so that only those with low blood
nutrient levels are randomised. This
would increase costs and is likely to
require multiple study centres to recruit
sufficient numbers of eligible women. A
potential disadvantage of nutrient supple-
mentation is that for a nutrient to have
optimal biological action, it may need to
be consumed with other nutrients in
food, rather than in pill form. On the
other hand, trying to improve the diet of
pregnant women, even in the setting of a
clinical trial, is a challenge, and simple
advice may not be effective.28

I would argue, however, that new
supplementation trials in pregnancy
aimed at the primary prevention of
asthma may be premature, for two
reasons. Firstly, we should be cautious
about safety. In the case of antioxidant
vitamins, there is evidence of increased
adult mortality associated with vitamin
supplement use,29 and a recent trial of
prenatal vitamin C and E supplementa-
tion in pregnancy, aimed at reducing

pre-eclampsia risk, found that, compared
with placebo, vitamin supplementation
increased the risk of low birth weight.30

The teratogenic risks of a high vitamin A
intake in pregnancy are well known,31 but
we know little about possible risks to the
fetus of vitamin D supplementation in
pregnancy.32 An observational study
found that a higher intake during early
pregnancy of cod liver oil, a rich source of
vitamin A and vitamin D, was associated
with an increased risk of hypertensive
disorders.33 Secondly, I believe that more
convincing data are needed to strengthen
the case for prenatal interventions, a view
echoed by others.34 A number of different
approaches could be used. Follow-up of
birth cohorts beyond 5 years, with
detailed assessment of asthma pheno-
types, may clarify whether higher intake
of antioxidants and vitamin D in preg-
nancy is associated with an increased risk
of atopy, and would allow a clearer
assessment of potential confounding by
childhood diet. Also, for birth cohorts
which have collected DNA from mothers
and/or children, genetic epidemiology pro-
vides an opportunity to strengthen causal
inference, either through a Mendelian
randomisation approach35 or by identifying
a priori interactions between maternal
nutrient intake and relevant gene poly-
morphisms. Another neglected approach is
to identify existing randomised trial
cohorts which were set up to study the
impact of nutritional interventions in
pregnancy on other disease outcomes. If
the interventions are of interest, and
follow-up and assessment of respiratory
and atopic outcomes in the offspring is
feasible, then this would be more cost
effective than conducting a trial de novo,
especially if the case for the latter is weak
given existing observational data. Finally,
studies in animals would be a useful
adjunct to epidemiological research in this
area in order to confirm or refute causal
links and to clarify underlying mechanisms.

Acknowledgements: Seif Shaheen is an Asthma UK
Senior Research Fellow

Competing interests: None.

Thorax 2008;63:483–485. doi:10.1136/thx.2007.090019

REFERENCES
1. Barker DJP. Mothers, babies and disease in later

life. London: BMJ Publishing Group, 1994.
2. Lillycrop KA, Phillips ES, Jackson AA, et al. Dietary

protein restriction of pregnant rats induces and folic
acid supplementation prevents epigenetic
modification of hepatic gene expression in the
offspring. J Nutr 2005;135:1382–6.

3. Gilliland FD, Li YF, Peters JM. Effects of maternal
smoking during pregnancy and environmental tobacco
smoke on asthma and wheezing in children.
Am J Respir Crit Care Med 2001;163:429–36.

Editorials

484 Thorax June 2008 Vol 63 No 6

 on A
pril 27, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2007.090019 on 29 M

ay 2008. D
ow

nloaded from
 

http://thorax.bmj.com/


4. McKeever TM, Lewis SA, Smith C, et al. The
importance of prenatal exposures on the development
of allergic disease: a birth cohort study using the
West Midlands general practice database. Am J Respir
Crit Care Med 2002;166:827–32.

5. Shaheen SO, Newson RB, Henderson AJ, et al.
Prenatal paracetamol exposure and risk of asthma
and elevated immunoglobulin E in childhood. Clin Exp
Allergy 2005;35:18–25.

6. Langley-Evans S. Fetal programming of immune
function and respiratory disease. Clin Exp Allergy
1997;27:1377–9.

7. Devereux G. The increase in the prevalence of
asthma and allergy: food for thought. Nat Rev
Immunol 2006;6:869–74.

8. Feary J, Britton J. Dietary supplements and asthma:
another one bites the dust. Thorax 2007;62:466–8.

9. Seaton A, Godden DJ, Brown K. Increase in asthma:
a more toxic environment or a more susceptible
population? Thorax 1994;49:171–4.

10. Shaheen SO, Newson RB, Henderson AJ, et al.
Umbilical cord trace elements and minerals and risk of
early childhood wheezing and eczema. Eur Respir J
2004;24:292–7.

11. Devereux G, McNeill G, Newman G, et al. Early
childhood wheezing symptoms in relation to plasma
selenium in pregnant mothers and neonates. Clin Exp
Allergy 2007;37:1000–8.

12. Martindale S, McNeill G, Devereux G, et al.
Antioxidant intake in pregnancy in relation to wheeze
and eczema in the first two years of life. Am J Respir
Crit Care Med 2005;171:121–8.

13. Litonjua AA, Rifas-Shiman SL, Ly NP, et al. Maternal
antioxidant intake in pregnancy and wheezing
illnesses in children at 2 y of age. Am J Clin Nutr
2006;84:903–11.

14. Devereux G, Turner SW, Craig LCA, et al. Low
maternal vitamin E intake during pregnancy is
associated with asthma in 5-year-old children.
Am J Respir Crit Care Med 2006;174:499–507.

15. Devereux G, Litonjua AA, Turner SW, et al. Maternal
vitamin D intake during pregnancy and early childhood
wheezing. Am J Clin Nutr 2007;85:853–9.

16. Camargo CA Jr, Rifas-Shiman SL, Litonjua AA, et al.
Maternal intake of vitamin D during pregnancy and
risk of recurrent wheeze in children at 3 y of age.
Am J Clin Nutr 2007;85:788–95.

17. Weiss ST, Litonjua AA. Maternal diet vs lack of
exposure to sunlight as the cause of the epidemic of
asthma, allergies and other autoimmune diseases.
Thorax 2007;62:745–6.

18. Willers S, Devereux G, Craig L, et al. Maternal food
consumption during pregnancy and asthma,
respiratory and atopic symptoms in 5-year-old
children. Thorax 2007;62:773–9.

19. Romieu I, Torrent M, Garcia-Esteban R, et al.
Maternal fish intake during pregnancy and atopy and
asthma in infancy. Clin Exp Allergy 2007;37:518–25.

20. Sausenthaler S, Koletzko S, Schaaf B, et al.
Maternal diet during pregnancy in relation to eczema
and allergic sensitization in the offspring at 2 y of age.
Am J Clin Nutr 2007;85:530–7.

21. Chatzi L, Torrent M, Romieu I, et al. Mediterranean
diet in pregnancy is protective for wheeze and atopy
in childhood. Thorax 2008;63:507–13.

22. Chatzi L, Torrent M, Romieu I, et al. Diet, wheeze,
and atopy in school children in Menorca, Spain.
Pediatr Allergy Immunol 2007;18:480–5.

23. Northstone K, Emmett P, Rogers I. Dietary patterns in
pregnancy and associations with socio-demographic
and lifestyle factors. Eur J Clin Nutr 2008;62:471–9.

24. Murr C, Schroecksnadel K, Winkler C, et al. Antioxidants
may increase the probability of developing allergic
diseases and asthma. Med Hypotheses 2005;64:973–7.

25. Gale CR, Robinson SM, Harvey NC, et al. Maternal
vitamin D status during pregnancy and child
outcomes. Eur J Clin Nutr 2008;62:68–77.

26. Hypponen E, Sovio U, Wjst M, et al. Infant vitamin D
supplementation and allergic conditions in adulthood:

Northern Finland Birth Cohort 1966. Ann N Y Acad Sci
2004;1037:84–95.

27. Wjst M, Dold S. Genes, factor X, and allergens: What
causes allergic diseases? Allergy 1999;54:757–9.

28. Burr ML, Trembeth J, Jones KB, et al. The effects of
dietary advice and vouchers on the intake of fruit and
fruit juice by pregnant women in a deprived area: a
controlled trial. Public Health Nutr 2007;10:559–65.

29. Bjelakovic G, Nikolova D, Gluud LL, et al. Mortality in
randomized trials of antioxidant supplements for
primary and secondary prevention: systematic review
and meta-analysis. JAMA 2007;297:842–57.

30. Poston L, Briley AL, Seed PT, et al. Vitamins in Pre-
eclampsia (VIP) Trial Consortium. Vitamin C and
vitamin E in pregnant women at risk for pre-eclampsia
(VIP trial): randomised placebo-controlled trial. Lancet
2006;367:1145–54.

31. Rothman KJ, Moore LL, Singer MR, et al.
Teratogenicity of high vitamin A intake. N Engl J Med
1995;333:1369–73.

32. Mahomed KGAM. Vitamin D supplementation in
pregnancy. Cochrane Database Syst Rev
1999;1:CD000228 http://mrw.interscience.wiley.com/
cochrane/clsysrev/articles/CD000228/frame.html
(accessed 31 March 2008).

33. Olafsdottir AS, Skuladottir GV, Thorsdottir I, et al.
Relationship between high consumption of
marine fatty acids in early pregnancy and
hypertensive disorders in pregnancy. BJOG
2006;113:301–309.

34. Dunstan JA, Breckler L, Hale J, et al.
Supplementation with vitamins C, E, beta-carotene
and selenium has no effect on anti-oxidant status
and immune responses in allergic adults: a
randomized controlled trial. Clin Exp Allergy
2007;37:180–7.

35. Davey Smith G, Ebrahim S. ‘Mendelian
randomization’: can genetic epidemiology contribute
to understanding environmental determinants of
disease? Int J Epidemiol 2003;32:1–22.

Aspirin and asthma: barking up
the right tree?
Andrew A Clayton, Douglas L Forrester, Alan J Knox

According to World Health Organization
estimates, 300 million people worldwide
suffer from asthma. It is the most
common chronic condition in childhood
and continues to impose a high burden of
morbidity and mortality in adulthood;
over 250 000 people are thought to have
died from asthma in 2005. In the UK 5.2
million people are currently receiving
treatment for asthma.

There has been an apparent increase in
incidence over recent years, at least in
children and adolescents. Data in adults
are more sparse but suggest that incidence

increases slightly with age, albeit to a level
much lower than that in children.1 The
aetiology of asthma at all ages is still not
fully understood although environmental
allergens, immunological and genetic fac-
tors are all known to contribute. In this
issue of Thorax Kurth et al2 report inter-
esting post hoc data from the Women’s
Health Study which suggest that
assignment of 100 mg aspirin on alternate
days reduces the relative risk of
newly reported diagnosis of asthma in
otherwise healthy adult women (see page
514).

The first descriptions of aspirin-like
medication come from the time of
Hippocrates when the bark of the white
willow was used as an antipyretic agent. In
the 1700s its use is again described to treat
‘‘ague’’ (fever).3 The active compound was
extracted and purified during the 1800s.
Most physicians associate aspirin with its

ability to precipitate or worsen asthma
symptoms. Aspirin-sensitive asthma is in
fact a distinct clinical syndrome. Bayer
released aspirin onto the market in 1899 as
an analgesic and antipyretic agent.3 4 It
became clear soon after this that aspirin
ingestion could lead to severe asthma
attacks. The clinical triad of aspirin sensi-
tivity, asthma and nasal polyps was first
described by Widal et al in 1922.5 This was
further characterised by Samter and Beers
in 1968, leading to the diagnostic label of
‘‘Samter’s triad’’.6 Typically, these patients
develop symptoms 2–3 h after ingestion of
aspirin, characterised by bronchospasm,
profuse rhinorrhoea, conjunctival injection,
periorbital oedema and generalised flush-
ing. Studies estimate the prevalence of
aspirin sensitivity among individuals with
asthma at 5–20%.7 8 These patients usually
develop perennial rhinitis in their third
decade followed by asthma and aspirin
sensitivity a few years later.

The mechanism of these effects is
thought to involve disordered arachidonic
acid metabolism. Evidence suggests that a
reduction in cyclo-oxygenase-1-derived
prostaglandin E2 production9–11 and
increased levels of leucotrienes12–14 are
both important.
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