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ABSTRACT: It has been suggested that foetal nutrition might influence the inception
of wheezing and atopic disorders in childhood but specific nutrients have not been
implicated.

In the Avon Longitudinal Study of Parents and Children umbilical cord samples were
assayed for trace elements and minerals, and mothers were asked about wheezing and
eczema in their children. Associations of cord concentrations of selenium, zinc, copper,
manganese, magnesium, iron, lead and mercury with wheezing at 30–42 months, with
wheezing patterns defined by the presence or absence of transient infant, later onset or
persistent wheezing at 0–6 months and 30–42 months, respectively (n=2,044), and with
eczema at 18–30 months (n=2,173), were analysed.

Cord selenium was negatively associated with persistent wheeze (adjusted odds ratio
(OR) per doubling concentration: 0.67). Cord iron was negatively associated with later
onset wheeze (OR: 0.86) and with eczema (OR: 0.90). Children with high cord
concentrations of selenium and iron were less likely than those with low concentrations
to wheeze transiently in infancy.

The level of foetal exposure to selenium and iron may possibly influence the risk of
wheezing and eczema in early childhood although, in view of the multiple analyses
carried out, it is possible that the main findings occurred by chance.
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Associations between anthropometry at birth and wheez-
ing, asthma, eczema and raised Immunoglobulin (Ig)E [1–6]
have led to conjecture that rates of foetal growth, and by
implication foetal nutrition, might influence the inception of
these conditions through "programming" of the foetal lung
and immune development [7]. Whilst little is known about
which specific nutrients might be involved, the antioxidant
trace element selenium is of particular interest because it is
thought to play an important role in lung development in
animals [8]. Indirect evidence that prenatal exposure to
antioxidants might influence the development of atopy
comes from the observation that placental calcification,
thought to be a marker of low antioxidant status in pregnancy
[9], was associated with higher cord IgE [10]. Also, it has been
suggested that zinc deficiency may promote T-helper (Th)
type 2 cytokine responses [11]. In contrast, evidence in
animals suggests that high exposure to the heavy metals lead
and mercury promotes Th2 cytokine responses in vivo [12],
and that high lead exposure in utero causes persistent
elevation of IgE in the offspring [13].

Therefore, the current authors postulated that a high foetal
exposure to the antioxidant trace elements (selenium, zinc,
copper and manganese) might decrease the risk of wheezing
and eczema in early childhood, and that high foetal exposure
to lead and mercury might increase the risk of these

conditions. The present authors speculated that a low foetal
exposure to iron might play a role in aetiology, as this causes
impaired foetal growth in animals [14], and that a low foetal
exposure to magnesium might be a risk factor for wheezing, in
view of an association later in life between dietary intake and
bronchial hyperresponsiveness (BHR) [15].

The present study explored these hypotheses in a popula-
tion-based birth cohort, using umbilical cord concentrations
of antioxidant trace elements, minerals and heavy metals as
biomarkers of foetal exposure.

Methods

The Avon Longitudinal Study of Parents and Children
(ALSPAC) [16, 17] is a prospective study of 14,541
pregnancies that resulted in 14,062 live births, of whom
13,971 survived to 1 yr. Females were enrolled as early in
pregnancy as possible, on the basis of an expected date of
delivery between April 1, 1991 and December 31, 1992, and
place of residence within the three Bristol-based health
districts of the former county of Avon, UK. It was estimated,
on the basis of actual deliveries between these dates, that
85–90% of eligible pregnant women were enrolled. ALSPAC
is a multi-purpose study of child health and development,
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which is closely monitored by its own Ethics and Law
Committee and by the four local research ethics committees.

Measurement of trace elements and minerals in umbilical
cord

At delivery, umbilical cord samples were taken by the
midwife from y11,500 births (excluding multiple births and
births at peripheral hospitals in Avon) and stored in
containers at -20uC. Of these, an estimated 9,000 could be
linked to mothers who had consented to the analysis of
biological samples. As part of a project primarily studying
foetal exposure to cadmium and mercury, 2,973 cord samples
were analysed for at least one of the elements listed below at
Sheffield Hallam University in 1995 (further samples could
not be analysed because of lack of funding). This work was
carried out long before the authors9 hypothesis was con-
ceived. Prior to analysis, 1-cm samples were washed with
distilled water to remove cord blood, weighed, digested by
closed system microwave digestion using nitric acid and
hydrogen peroxide, and made up to 10 mL. In phase 1 the
majority of samples (n=2,005) were assayed for up to
13 elements, including magnesium, manganese, iron, copper
and zinc, using inductively coupled plasma-optical emission
spectrometry (ICP-OES) (separate analyses were carried out
for elements present in relatively high concentration e.g. iron,
and those present in low concentration e.g. cadmium).
Selenium and mercury were assayed using atomic fluorescence
techniques (hydride generation for selenium, cold vapour for
mercury). However, the last 911 samples were assayed for
these elements plus lead, using inductively coupled plasma-
mass spectrometry (ICP-MS) (phase 2), which was more
sensitive than ICP-OES but had not been available for the
earlier samples. Element concentrations were measured as
ng?10 mL-1 digest and divided by the cord wet weight to give
ng?g-1 of cord and hence parts per billion (ppb). Quality
control procedures used bovine liver as a standard reference
material to check that each assay method was producing
consistent and reliable data over time.

Statistical analyses in the present study were restricted to
children for whom at least one of the eight trace elements and
minerals of interest had been measured, namely, selenium,
zinc, copper, manganese, magnesium, iron, lead and mercury.
When the geometric means (GM)s of measurement in the
two phases were compared, the current study found that they
differed substantially for some elements, especially mercury
(table 1). Hence, as each cord sample was assayed in one
phase only, and no calibration data were available, each assay
value in ppb was divided by the GM of all concentrations for
that element using the same method, thereby converting assay
values measured in the two phases to a common measurement

scale of method-GMs. After converting to a common scale,
the current study calculated, for each element, the ratio of the
80th percentile (in method-GMs) to the 20th percentile (in
method-GMs) in order to measure the variability and to assist
the interpretation of per-doubling odds ratios (OR)s.

Wheezing and eczema

Information on wheezing in the child at 30–42 months was
obtained by asking the mother at 42 months: "In the last
12 months has he/she had any periods when there was wheezing
with whistling on his/her chest when he/she breathed?". A
similar question at 6 months asked about wheezing since birth,
and the information was used from these two time periods to
identify children with four mutually exclusive patterns of
wheezing, which the present authors have shown to be
associated with different risk factors: those who did not
wheeze in either period (nonwheezers); those who wheezed
before 6 months but not at 30–42 months (transient infant
wheezers); those who wheezed at 30–42 months but not before 6
months (later onset wheezers); those who wheezed in both
periods (persistent wheezers) [18].

A 12-month prevalence of eczema at 30 months was defined
on the basis of a positive response to the question: "Has your
child had an itchy dry skin rash in joints and creases of his/her
body (e.g. behind the knees, under the arms) since he/she was
18 months old?" [19].

Confounders

The potential confounding factors listed in table 2 were
controlled for in the multivariate analyses, as well as: maternal
atopic disease (asthma, eczema and rhinoconjunctivitis);
child9s head circumference at birth (v33 cm, 33–34.99 cm,
35–36.99 cm,w37 cm or unknown); child9s crown-heel length
at birth (v48 cm, 48–50.99 cm, 51–53.99 cm, w54 cm or
unknown); mother9s body-mass index (pre-pregnancy, self-
reported weight and height, kg?m-2) (v18.5, 18.5–24.99,
25–29.99, w30 or unknown); breast feeding in the first
6 months (no, yes or unknown); and day care use in first
6 months (yes, no or unknown). For all elements, except lead,
the present study also controlled for the assay instrument
(ICP-OES:ICP-MS OR) in the analyses. Controlling addi-
tionally for analgesic use and infections in late pregnancy
[20, 21] did not alter the main findings. The present study
excluded from all the main regression analyses a total of
443 children who were in small missing value categories for
various confounders.

Table 1. – Descriptive statistics of umbilical cord trace element and mineral concentrations

Element n Geometric mean ppb Phase 2:Phase 1 95% CI Percentile method-GMs IPR

Phase 1 Phase 2 Phase 1 Phase 2 20th 80th (80:20)

Selenium 1881 642 0.0591 0.0657 1.11 1.07–1.15 0.76 1.26 1.64
Zinc 2005 911 5.7840 7.4483 1.29 1.24–1.33 0.75 1.29 1.71
Copper 2005 911 0.3968 0.7069 1.78 1.71–1.85 0.73 1.31 1.79
Manganese 2005 822 0.0671 0.0407 0.61 0.57–0.64 0.62 1.60 2.58
Magnesium 2004 911 42.2705 45.6626 1.08 1.05–1.11 0.80 1.21 1.52
Iron 2005 886 45.6013 46.9678 1.03 0.96–1.10 0.52 1.99 3.85
Lead 0 885 NA 0.0270 NA 0.55 1.87 3.40
Mercury 1755 817 0.0127 0.0018 0.15 0.14–0.16 0.54 1.83 3.38

Method-GMs: method geometric means; IPR: interpercentile ratio; NA: not applicable.
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Statistical methods

Logistic regression was used to analyse associations with
wheezing at 30–42 months and eczema at 18–30 months, and
multinomial logistical regression (with never-wheezers as
baseline category) to analyse associations with wheezing
patterns using Huber variances throughout [22]. The associa-
tions between cord element concentrations (expressed as
method-GMs) and outcomes were estimated in two ways, first
as ORs per doubling of element concentration (by including
log2 concentration as a linear predictor variable in the model),
and secondly as ORs across quintiles of concentration, with
the bottom quintile as the reference category. As there were
five outcomes and eight exposures of interest in the analyses,
the number of ORs measured was large. Therefore, the Simes
procedure was used, controlling the false discovery rate at
0.05 [23], in an attempt to discover a subset of per-doubling

ORs that could be considered statistically significant, given
the multiple statistical tests carried out. The analyses were
also stratified by measurement phase, and the resulting 80
adjusted per-doubling ORs, with associated p-values, were
entered into the Simes9 procedure.

Validation of cord assays as biomarkers of prenatal
exposure

As fish is a major source of mercury, the present authors
measured the trend in the eight cord element concentrations,
assessed in each phase, with mother9s consumption of oily
and white fish during late pregnancy (as ascertained by food
frequency questionnaire at 32 weeks, across four categories
of increasing frequency), using Somers9 D, with fish
consumption as the predictor variable.

Results

Table 1 summarises the GM concentrations of elements
measured in the two phases in ppb, and the ratios between
them. It also shows the 20th and 80th percentile concen-
trations for each element expressed in method-GMs, together
with their interpercentile ratio as a measurement of varia-
bility. These ratios compare the bottom of the top quintile
with the top of the bottom quintile, and varied from 1.52
for magnesium to 3.85 for iron. Consequently, a ratio of two,
corresponding to a per-doubling OR, is an appreciable frac-
tion of the range of each exposure.

The current study examined the distribution of selected
maternal and birth characteristics of children included in the
main analyses (for whom umbilical cord data were available,
n=2,973), and of children who were not included (table 2).
Those with cord data were born between September 1991 and
December 1992, those without between January 1991 and
February 1993. The characteristics of the two groups were
broadly similar, although those with cord data were less likely
to have missing information on maternal characteristics.

When the current authors examined the association between
maternal fish consumption in pregnancy and cord concen-
trations of the eight elements in 2,642 children, fish consump-
tion was found to be a predictor of mercury concentration. This
association existed both under the first phase (Somers9 D,
0.11 (p=7.5610-6) for oily fish and 0.07 (p=0.0045) for white fish)
and under the second phase (Somers9 D, 0.09 (p=0.0072) for oily
fish and 0.16 (p=0.000014) for white fish).

Of 2,530 children with umbilical cord data and information
on confounders, the main analyses of the eight elements of
interest were restricted to 2,044 with information on wheezing
at 6 months and 30–42 months, and 2,173 with information
on eczema at 18–30 months. The prevalence of wheezing at
30–42 months was 13.9%. Table 3 shows the ORs for
wheezing, per doubling of umbilical cord trace element and
mineral concentrations. After controlling for potential con-
founding factors, there were no significant associations, with
all confidence intervals (CI) including one and excluding any
large effects, such as a doubling or halving of the odds.

The prevalences of transient infant, later onset and
persistent wheezing patterns were 13.4%, 9.1% and 4.8%,
respectively. Table 4 shows associations with wheezing
patterns after controlling for potential confounders. There
were no significant linear (per-doubling) associations with
transient infant wheeze. However, children with high (top
quintile) cord concentrations of selenium and iron were less
likely than those with low (bottom quintile) concentrations to
wheeze transiently in infancy (adjusted ORs (95% CI):
0.58 (0.36–0.91); p=0.019, and 0.63 (0.40–0.99); p=0.044,

Table 2. – Comparison of children with and without umbilical
cord data

Without data With data

Sex
F 5404 (48.74) 1386 (46.62)
M 5683 (51.26) 1587 (53.38)

Mother9s age at birth yrs
v20 544 (4.91) 111 (3.73)
20–24 2194 (19.79) 505 (16.99)
25–29 4247 (38.31) 1190 (40.03)
30–34 3011 (27.16) 866 (29.13)
35z 1091 (9.84) 301 (10.12)

Mother9s parity
0 4457 (40.20) 1310 (44.06)
1 3609 (32.55) 914 (30.74)
2z 2143 (19.33) 583 (19.61)
Unknown 878 (7.92) 166 (5.58)

Gestational age at birth weeks
v37 719 (6.49) 131 (4.41)
37–40 7321 (66.03) 1969 (66.23)
41z 3047 (27.48) 873 (29.36)

Maternal smoking in pregnancy
Not exposed 4192 (37.81) 1275 (42.89)
Passive only 3395 (30.62) 890 (29.94)
1–9 cigarettes?day-1 964 (8.69) 270 (9.08)
10–19 cigarettes?day-1 1296 (11.69) 310 (10.43)
20z cigarettes?day-1 663 (5.98) 129 (4.34)
Unknown 577 (5.20) 99 (3.33)

Mother9s education level
vO level 2986 (26.93) 755 (25.40)
O level only 3320 (29.94) 1004 (33.77)
A level z 3398 (30.65) 1002 (33.70)
Unknown 1383 (12.47) 212 (7.13)

Mother9s housing tenure
Owned/mortgaged 7415 (66.88) 2197 (73.90)
Council rented 1536 (13.85) 337 (11.34)
Noncouncil rented 947 (8.54) 211 (7.10)
Unknown/other 1189 (10.72) 228 (7.67)

Mother9s ethnic origin
White 9376 (84.57) 2677 (90.04)
Non-white 261 (2.35) 63 (2.12)
Unknown 1450 (13.08) 233 (7.84)

Child9s birth weight g
v2500 692 (6.24) 111 (3.73)
2500–2999 1610 (14.52) 409 (13.76)
3000–3499 3809 (34.36) 1124 (37.81)
3500–3999 3476 (31.35) 911 (30.64)
4000z 1343 (12.11) 395 (13.29)
Unknown 157 (1.42) 23 (0.77)

Data are presented as n (%). F: female; M: male.

294 S.O. SHAHEEN ET AL.



respectively). Iron was negatively associated with later onset
wheeze (p=0.042), and selenium was negatively associated
with persistent wheeze (p=0.043), although this latter effect
was explained predominantly by a large reduction in the OR
for those in the top quintile compared with the bottom
quintile (OR: 0.31 (0.12 to 0.78); p=0.013).

The prevalence of eczema at 18–30 months was 28.6%.
Table 5 shows the ORs for eczema, per doubling of umbilical
cord trace element and mineral concentrations. After
controlling for potential confounding factors, iron was
negatively associated with eczema (p=0.016). The OR,
comparing those in the top quintile for iron with those in
the bottom quintile, was 0.71 (0.52–0.97); p=0.029.

When the Simes procedure was carried out on the adjusted
per-doubling ORs in the present study, no significant relations
were found. When the analyses were stratified by measure-
ment phase and the Simes procedure used, no ORs proved
significant. However, for the three nominally significant
adjusted per-doubling ORs in tables 4 and 5, the correspond-
ing phase-stratified ORs were as follows. For selenium and

persistent wheeze, the per-doubling OR was 0.51 (0.33–0.79;
p=0.0028) under phase 1 and 1.20 (0.57–2.53; p=0.62) under
phase 2. For iron and later-onset wheeze, the OR was
0.91 (0.76–1.09; p=0.32) under phase 1 and 0.75 (0.60–0.94;
p=0.013) under phase 2. For iron and eczema, the OR was
0.92 (0.83–1.02; p=0.11) under phase 1 and 0.92 (0.82–1.04;
p=0.18) under phase 2.

Discussion

In this population-based follow-up study the current
authors found some evidence to suggest that umbilical cord
concentration of selenium was negatively associated with
wheezing, and that cord concentration of iron was negatively
associated with wheezing and eczema, in early childhood.

Measurement of exposure

One of the strengths of this study is the use of umbilical
cord tissue as a biomarker of foetal exposure to trace elements
and minerals. Prenatal mercury and selenium exposure have
been previously assessed in this way [24, 25]. In contrast,
maternal dietary intake in pregnancy may be a poor proxy for
what the foetus actually receives, because the latter also
depends on the extent to which nutrients are absorbed by the
mother and transferred across the placenta, as well as foetal
demand [26]. Furthermore, estimates of the intake of iron and
selenium based on food composition tables may be unreliable
[27, 28], dietary intake on one occasion leads to misclassifi-
cation [29], and the mother may derive additional nondietary
exposure to these elements.

A potential limitation of the present study is that different
instruments were used for the cord assays and no calibration
data were available. The present authors addressed this
problem by controlling for instrument in the analyses, by
converting measurements into common method GM units,

Table 3. – Odds ratios (OR)s (per doubling concentration) for wheezing at 30–42 months associated with umbilical cord trace
element and mineral concentrations

Element Unadjusted OR# 95% CI p-value Adjusted OR# 95% CI p-value

Selenium 0.91 0.69–1.20 0.51 0.99 0.75–1.29 0.92
Zinc 1.08 0.86–1.37 0.51 1.16 0.93–1.44 0.18
Copper 0.98 0.82–1.17 0.81 1.01 0.84–1.21 0.91
Manganese 0.95 0.84–1.08 0.46 0.94 0.82–1.08 0.41
Magnesium 1.01 0.77–1.33 0.91 1.03 0.77–1.36 0.86
Iron 0.90 0.80–1.01 0.067 0.90 0.80–1.02 0.088
Lead 1.03 0.88–1.22 0.69 1.05 0.88–1.25 0.59
Mercury 0.97 0.87–1.08 0.63 0.99 0.89–1.11 0.91

#: per doubling concentration. n=2,044.

Table 4. – Adjusted odds ratios (OR)s (per doubling
concentration) for wheezing patterns associated with
umbilical cord trace element and mineral concentrations

Element Transient infant Later onset Persistent

OR 95% CI OR 95% CI OR 95% CI

Selenium 0.77 (0.56–1.05) 1.09 (0.79–1.50) 0.67 (0.45–0.99)
Zinc 0.92 (0.71–1.20) 1.23 (0.97–1.50) 0.94 (0.67–1.31)
Copper 0.95 (0.79–1.14) 1.00 (0.80–1.25) 1.00 (0.77–1.29)
Manganese 0.96 (0.82–1.13) 0.92 (0.77–1.11) 0.96 (0.80–1.15)
Magnesium 0.96 (0.71–1.30) 1.16 (0.83–1.62) 0.72 (0.48–1.08)
Iron 0.93 (0.82–1.06) 0.86 (0.75–0.99) 0.95 (0.79–1.14)
Lead 0.96 (0.78–1.19) 0.92 (0.77–1.09) 1.33 (0.96–1.84)
Mercury 1.03 (0.93–1.15) 0.98 (0.86–1.12) 1.04 (0.87–1.25)

n=2,044.

Table 5. – Odds ratios (OR)s (per doubling concentration) for eczema at 18–30 months associated with umbilical cord trace
element and mineral concentrations

Element Unadjusted OR# 95% CI p-value Adjusted OR# 95% CI p-value

Selenium 0.93 (0.77–1.11) 0.42 0.91 (0.76–1.10) 0.34
Zinc 1.08 (0.93–1.26) 0.30 1.10 (0.94–1.28) 0.25
Copper 0.98 (0.86–1.12) 0.74 1.00 (0.88–1.14) 0.99
Manganese 1.00 (0.91–1.10) 0.98 0.99 (0.89–1.10) 0.90
Magnesium 0.99 (0.82–1.21) 0.95 0.99 (0.81–1.21) 0.92
Iron 0.91 (0.84–0.98) 0.017 0.90 (0.83–0.98) 0.016
Lead 0.97 (0.84–1.10) 0.61 0.97 (0.85–1.12) 0.69
Mercury 1.03 (0.95–1.12) 0.43 1.03 (0.95–1.12) 0.46

#: per doubling concentration. n=2173.
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and by stratifying analyses by measurement phase. Maternal
fish consumption in pregnancy is the major source of prenatal
mercury exposure [30]. Hence, to find, as expected, a strong
positive association between maternal fish consumption and
method GM cord concentration of mercury provided
reassurance that, for this element at least, the assays were
providing valid estimates of prenatal exposure, and that the
conversion of the presented data to a common scale was
satisfactory. Any misclassification of cord element concent-
rations is likely to be random with respect to wheezing and
eczema and would tend to lead to an underestimation of the
risk estimates. Hence, associations with selenium and iron
may be stronger than was estimated by the present authors,
although the present study may have failed to detect
significant relations with other elements. When the analyses
were stratified, the selenium effect on persistent wheeze
appeared stronger under the first measurement phase.
However, the confidence intervals for the corresponding
phase 2 effect were wide. Reassuringly, the iron effects on
later onset wheeze and eczema were in the same direction
under both measurement phases.

Noncausal explanations for main findings

Of all the exposures studied, selenium was of greatest
interest a priori. However, in view of the multiple analyses
and the p-values, it is possible that some, or all, of the findings
in the current study occurred by chance. The population from
which the ALSPAC cohort was drawn is broadly represen-
tative of the whole of the UK [16, 17], although the relations
of cord trace elements and minerals to wheezing and eczema
were studied in a subset of the cohort. Whilst the cord
samples that were analysed were not chosen in any particular
way, and the selection and analyses were carried out blind to
the outcome measures, the comparison of maternal char-
acteristics of children with and without cord data suggested
that information was more complete for the former group.
This probably reflects a higher response rate to questionnaires
during pregnancy, a higher follow-up rate after delivery, and
hence a greater likelihood of obtaining signed consent for
analysis of biological samples. However, for this to have
biased the current findings, higher cord levels of selenium and
iron would have to have been associated with a higher risk of
wheezing and eczema amongst children who were not studied,
which seems unlikely.

Confounding seems an improbable explanation for the
main findings as the present study controlled for an extensive
number of potential confounders in the analyses. However,
the present authors cannot exclude the possibility of confound-
ing by prenatal exposure to nutrients not included in these
analyses, or by postnatal nutrition. The latter may be
particularly relevant to later onset or persistent wheezing
and eczema, through influences on postnatal airway develop-
ment or on atopy, since the latter is thought to result
primarily from a failure of maturation of Th1 cytokine
responses after birth [31].

Possible causal mechanisms

Whilst a causal interpretation should be cautious, the
current authors speculate that the lower prevalence of
transient infant wheeze in children with high cord selenium
and iron concentrations may indicate beneficial effects of
these elements on foetal airway growth, and that the negative
association between cord selenium and persistent wheeze
might reflect a protective effect of selenium on the development
of BHR. The transient infant wheezing pattern is analogous

to the transient early wheezing phenotype described in the
study by MARTINEZ et al. [32], which occurs with respiratory
infections as a consequence of reduced airway calibre, and
which disappears as the airways grow in size. In animals there
is some evidence that maternal selenium deficiency during
pregnancy leads to impaired lung development in the
offspring [8]. Whilst maternal iron deficiency causes foetal
growth retardation [14], effects on foetal lung growth do not
appear to have been studied.

The relations of cord iron with eczema and later onset
wheezing suggest, unexpectedly, that higher exposure to iron
in utero may protect against the development of atopy. Effects
of iron deficiency in pregnancy on placental production of
cytokines have been reported in animals [14], although
whether maternal iron status would have any influence on
Th1/Th2 responses, given that the immunological milieu at
the foeto-maternal interface is normally Th2-skewed [33], is
unclear. There is some evidence to suggest that iron deficiency
or iron reduction therapy later in life may upregulate Th2
cytokine responses and downregulate Th1 responses [34, 36].
However, evidence is conflicting [35, 37], and interpretation of
associations are further complicated by effects of Th1 and
Th2 cytokines on iron metabolism [37, 38].

In contrast to the findings for iron, the present study did
not find evidence to suggest that low prenatal exposure to
zinc, or high exposure to lead and mercury, promoted the
development of atopy. Surprisingly, weak positive associations
of zinc with later onset wheezing and eczema were found.

Conclusions

The main findings of this prospective study suggest that the
level of foetal exposure to selenium and iron may possibly
influence the risk of wheezing and eczema in early childhood.
These links, if causal, have potential implications for primary
prevention through nutritional interventions during preg-
nancy. In the UK, pregnant women have a lower selenium
status compared to those in other countries [39], and studies
in Oxford and in the ALSPAC cohort have shown that
pregnant women are not achieving the reference nutrient
intakes of selenium [39] (ALSPAC unpublished data) or iron
[40, 41]. However, given that the observations by the current
authors are novel and may be attributable to chance, it would
seem premature to undertake a supplementation trial in
pregnancy without further supportive data.
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