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Background The prevalence of atopic dermatitis (AD) is increasing in Western soci-
eties. The hygiene hypothesis proposes that this is due to reduced exposure to
environmental allergens and infections during early life.

Objectives To examine factors associated with a diagnosis of AD at 3:5 years of
age, especially those factors implicated by the hygiene hypothesis.

Methods The Auckland Birthweight Collaborative study is a case—control study of
risk factors for small for gestational age babies. Cases were born at term with
birthweight <10th centile; controls were appropriate for gestational age, with
birthweight >10th centile. The infants were assessed at birth, 1 year and
3-5 years of age. Data were collected by parental interview and examination of
the child. AD was defined as the presence of an itchy rash in the past 12 months
with three or more of the following: history of flexural involvement; history of
generally dry skin; history of atopic disease in parents or siblings; and visible
flexural dermatitis as per photographic protocol. Statistical analyses took into
account the disproportionate sampling of the study population.

Results Analysis was restricted to European subjects. Eight hundred and seventy-
one children were enrolled at birth, 744 (85:4%) participated at 1 year, and 550
(63-2%) at 3-5 years. AD was diagnosed in 87 (15'8%) children seen at
35 years. The prevalence of AD did not differ by birthweight. AD at 3-5 years
was associated with raised serum IgE >200 kU L™', and wheezing, asthma, rash
or eczema at 1 year. In multivariate analysis, adjusted for parental atopy and
breastfeeding, AD at 3-5 years was associated with atopic disease in the parents:
maternal atopy only, adjusted odds ratio (OR) 3-83, 95% confidence interval
(CI) 1-20-12-23; paternal atopy only, adjusted OR 3:59, 95% CI 1:09-11-75;
both parents atopic, adjusted OR 6-12, 95% CI 2-:02—18-50. There was a higher
risk of AD with longer duration of breastfeeding: <6 months, adjusted OR 613,
95% CI 1-45-25-86; =6 months, adjusted OR 9:70, 95% CI 2-47-38-15 com-
pared with never breastfed. These findings remained significant after adjusting
for environmental factors and a personal history of atopy. AD at 35 years was
associated with owning a cat at 3-5 years (adjusted OR 0-45, 95% CI 0-21-0-97)
but not with owning a dog at 3-5 years, pets at 1 year, nor with older siblings.
Furthermore, AD at 3-5 years was not associated with gender, socioeconomic sta-
tus, maternal smoking, parity, damp, mould, immunizations, body mass index
or antibiotic use in first year of life.

Conclusions A personal and a parental history of atopic disease are risk factors for
AD at 35 years. Duration of breastfeeding was associated with an increased risk
of AD. No association was found with those factors implicated by the hygiene
hypothesis. This study suggests that breastfeeding should not be recommended
for the prevention of AD.
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Atopic dermatitis (AD) is a chronic inflammatory dermatosis
characterized by an erythematous papulovesicular eruption
particularly affecting the flexural areas. There may be secon-
dary changes of scaling, excoriation and lichenification. It
occurs predominantly in childhood, with over half of cases
presenting in the first year of life and subsequent clearance
rates of around 60% by the age of 16 years. The prevalence of
childhood AD in developed countries is 10-20%. "

The prevalence of atopic diseases has increased in the last
30 years, although the reason for this is not well under-
stood.*™ Atopic disease is characterized by abnormal regula-
tion of IgE production in response to environmental allergens:
manifestations include asthma, hayfever and AD.' The cause
of atopy is probably multifactorial, with influences from both
genetic and environmental factors, although the rapid increase
in prevalence suggests environmental precipitants. The hygiene
hypothesis proposes that improved hygiene and reduced expo-
sure to infections in developed countries are associated with
the development of atopic disease. Supporting this, several
studies have shown that exposure to older siblings, animals
and infections in early life protects against atopy.®™ It is pos-
tulated that failure to be exposed to infection in infancy some-
how prevents the normal deviation of the immune system
from a TH2-predominant (allergic) to a THI-predominant
(nonallergic) response.

The aim of this study is to examine factors associated with
having a diagnosis of AD at 3-5 years in a group of appropri-
ate for gestational age (AGA) and small for gestational age
(SGA) infants. Particular attention is paid to those factors
implicated by the hygiene hypothesis.

Materials and methods

The Auckland Birthweight Collaborative (ABC) study was
designed to look at differences between appropriate for gesta-
tional age (AGA) and small for gestational age (SGA) infants,
with similar numbers recruited into each group. Data were
collected on a number of variables. For the purposes of this
report, we have focused on the main demographic variables,
factors related to the presence of atopic disease, and those
environmental factors implicated by the hygiene hypothesis.

Subjects

Initial recruitment is described in detail elsewhere.'® Briefly,
babies born at 37 weeks’ completed gestation were eligible
for inclusion. SGA was defined as equal to or below the sex-
specific 10th percentile for gestational age in the New Zealand
population. AGA babies weighed greater than the 10th per-
centile. Between 16 October 1995 and 12 August 1996 all
SGA babies born and resident in the Waitemata Health or
Auckland Healthcare regions were eligible for inclusion. From
12 August 1996 to 30 November 1997 only babies born in
the Auckland Healthcare region were eligible. A random sam-
ple of all AGA infants was also included. Infants were exclu-
ded from the study if they were from multiple births or had
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congenital anomalies likely to affect birthweight and later
growth. Babies delivered at home (< 1%) were not included.
Ethical approval was obtained from the North Health Research
Ethics Committee.

Data collection

Phase 1 (birth data)

A trained interviewer interviewed women in the week follow-
ing delivery. Data collected included pregnancy history, obstet-
ric history, family history and sociodemographic variables.

Phase 2 (12-month data)

The parents were posted a questionnaire when the infant was
1 year old. Data collected included growth, development,
social/family/home environment, respiratory symptoms and
atopic symptoms. Nonresponders were followed up by tele-
phone and at previously supplied alternative addresses.

Phase 3 (3-5-year data)

Children were invited to attend the Children’s Research Centre
at Starship Children’s Hospital at age 3:5—4 years for assess-
ment of growth, development, home environment, respiratory
symptoms and atopic symptoms. A trained investigator exam-
ined the child for evidence of dermatitis. Blood was taken for
full blood count, ferritin and total IgE. Skin prick testing was
performed against aeroallergens Dermatophagoides —pteronyssinus,
cockroach, cat, Alternaria tenuis, mixed grasses and mixed trees,
as well as a positive control (histamine 10 mg mL™') and
negative control (diluent). A weal >3 mm at 15 min was
considered a positive response. Ebos Group (Christchurch,
New Zealand) supplied extracts.

Definition of atopic dermatitis

AD was defined according to a modified version of the UK.
diagnostic criteria as the presence of an itchy skin rash in the
last 12 months plus three or more of the following: history of
flexural involvement; history of generally dry skin; history of
atopic disease in parents or siblings; and visible flexural der-
matitis as per photographic protocol.'""'?

Statistical analysis

The ABC study was designed as a case—control study of SGA
infants, with SGA and AGA infants being sampled with differ-
ent probabilities of selection. The analyses in this study in
which the outcome of interest is the diagnosis of AD at
3-5 years have taken the disproportionate sampling design into
account.

Logistic regression was used to investigate associations
between potential risk factors and AD. For the multivariate
analysis variables we fitted three models. The first included
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variables at the univariate level with P < 0-05, except those
related to a personal history of atopy. A second model
included the addition of variables related to the hygiene
hypothesis: older siblings, cat ownership in the first year of
life or at present, dog ownership in the first year of life or at
present, damp or mould on the ceilings or walls, antibiotic
use in the first year of life and maternal smoking during preg-
nancy. A third model added variables related to symptoms of
a personal history of atopy at 1 year to the first model. The
analyses were also stratified by SGA/AGA.

SAS v8 and v9 (SAS Institute, Cary, NC, U.S.A.) were used
in analyses: in particular, the procedure surveylogistic that was
developed for data from surveys with complex sampling
designs.

Results

Participants

Participation rates by non-European ethnic groups were poor
at phases 2 (41:3%) and 3 (18:9%), so for this report the ana-
lysis has included data on New Zealand European subjects
only. Eight hundred and seventy-one children participated at
birth, 744 (854%) at 1 year, and 550 (63:2%) at 35 years.
The reasons for nonparticipation at phase 3 were: refusal for
this follow-up (n = 68), moved overseas (n = 45), booked
appointments but did not attend (n = 42), unable to find
despite having collected several parental contact points, e.g.
parents, siblings (n = 40), earlier refusal for further follow-up
(n = 39), unable to be seen before 4 years of age (n = 38),
moved within New Zealand (n = 35), and death of mother or
child (n = 2). Birthweight and gender did not differ between
participants and nonparticipants. Participants were more likely
to have high socioeconomic status (P < 0:001) and no expo-
sure to maternal smoking (P = 0-008).

Prevalence

Eighty-seven children met the U.K. diagnostic criteria for AD,
giving a 1-year period prevalence of 15:8%. The prevalence
was not significantly different (P = 0:52) between AGA
infants (16:7%) and SGA infants (147%).

Sociodemographic, obstetric, postnatal and
environmental factors

AD at 35 years of age showed no association with gender,
socioeconomic status, maternal smoking in pregnancy or
maternal parity (Table 1).

Only 26 (47%) mothers reported never having breastfed
their child, and 355 (64-5%) breastfed for 6 months or more.
Having breastfed for more than 6 months was a significant
risk factor for AD [odds ratio (OR) 995, 95% confidence
interval (CI) 2:66—37-14] when compared with never breast-
feeding. Although there was a suggestion of a dose-response
effect with increasing risk of AD with increasing duration of

breastfeeding, this trend was not significant (3> = 069, P =
0-87). The findings for exclusive breastfeeding showed a sim-
ilar pattern. Further analysis showed no association between
the parents being atopic and the duration for which the child
was breastfed (P = 0-85).

Data were collected at 3-5 years regarding whether the
family had a cat or dog currently or when the child was in
the first year of life. Owning a cat or dog showed no associ-
ation with AD. Other factors including the number of older
siblings, damp and mould in the bedroom, antibiotic use in
the first year of life, immunization, haemoglobin level and
body mass index were not significantly associated with AD at
3-5 years.

Atopic disease

The results of analysis of the association of AD with personal
and family histories of atopic disease are presented in Table 2.
Those with AD were more likely
>200 kU L™ (normal 0-100) and a positive skin prick test
to one or more aeroallergen, supporting the diagnosis of ato-

to have total IgE

py in these children.

A personal history of atopy at 1 year of age (wheeze,
asthma, rash, eczema) was associated with having AD at
35 years. Atopic disease was commonly reported by parents,
with 56:5% of mothers and 44:9% of fathers having asthma,
AD and/or hayfever. A history of atopy in a parent was associ-
ated with the diagnosis of AD at 35 years (mother atopic, OR
2-35, 95% CI 1-25-4-42; father atopic, OR 2-05, 95% CI
1:10-3-81). If both parents were atopic the odds of the child
having AD were much greater (OR 599, 95% CI 1-97-18-2).

Multivariate analysis

A history of atopy in the parents and the duration of breast-
feeding remained significant risk factors for AD at 35 years in
all three models used for multivariate analysis (Table 3). Apart
from cat ownership at 35 years (adjusted OR 0-45, 95% CI
0-21-0-97) and presence of a rash at 1 year (adjusted OR
406, 95% CI 2:07-7-96), environmental factors associated
with the hygiene hypothesis and a personal history of atopy at
1 year showed no association with AD at 3-5 years.

Discussion

This study found that a diagnosis of AD at 3-5 years was asso-
ciated with a history of atopic disease in the parents and dur-
ation of breastfeeding. These associations persisted after
controlling for socioeconomic status, gender and maternal
smoking. The risk was similar for both paternal and maternal
atopy. Having been breastfed was a significant risk factor for
AD. There was a nonsignificant trend to increasing risk of AD
with increasing duration of breastfeeding (exclusive or nonex-
clusive). Having symptoms or a diagnosis of asthma or
eczema at 1 year, a raised serum IgE and a positive skin prick
test to aeroallergens were also associated with AD at 3-5 years.
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Table 1 Obstetric, sociodemographic,
postnatal and environmental factors, and
atopic dermatitis at 3-5 years
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Table 2 Personal and family history of atopy

Atopic dermatitis at 3-5 years

and atopic dermatitis

Yes No Univariate odds
(n = 87) (n = 463) ratio (95% CI)  P-value
Wheezing at 1 year No 58 327 1-00
(Missing = 32) Yes 23 110 2:09 (1-08—4:07)  0-03
Asthma at 1 year No 73 412 1-00
(Missing = 34) Yes 8 23 3:67 (1-38-9:79)  0-:009
Rash at 1 year No 39 346 1-:00
(Missing = 34) Yes 41 90 4:32 (2:27-8:20) < 0-0001
Eczema at 1 year No 39 368 1-00
(Missing = 33) Yes 42 68 5:90 (3:07—11:3) < 0-0001
Runny nose without cold No 69 391 1-00
at 1 year (Missing = 34) Yes 12 44 2:19 (0-87-549) 009
IgE at 3-5 years (kU L™') < 100 43 273 1-00
(Missing = 128) 100-200 6 43 045 (0-13-1-60)
> 200 23 3 3:54 (1:60-7-81) < 0:0001
Skin prick to aeroallergens 0 positive 43 351 1-00
(Missing = 80) > 1 positive 31 45 562 (3-22-9-81) < 00001
Mother atopic No 24 215 1-00
Yes 63 248 2-35 (1-25—4-42)  0-008
Mother:
Asthma (Missing = 1) No 61 365 1-:00
Yes 26 98 1:66 (0-85-3-24)  0-14
Hayfever (Missing = 1)  No 48 304 1-00
Yes 39 158 1-94 (1:07-3-54)  0-03
Atopic dermatitis No 43 352 1-00
(Missing = 2) Yes 43 110 2:69 (1:45-4:98)  0:002
Father atopic No 30 273 1-00
Yes 57 190 2:05 (1-10-3-81)  0-02
Father:
Asthma (Missing = 6) No 60 382 1-00
Yes 27 75 2:60 (1-37—493)  0:004
Hayfever (Missing = 8)  No 48 334 1-00
Yes 38 122 2:31 (1-27—424)  0-:007
Atopic dermatitis No 55 398 1-00
(Missing = 11) Yes 28 58 3-28 (1-67—6-44)  0-:0006
Parental history of atopy  Neither 7 131 1-00
Father only 23 142 3:68 (1:13-12:0)  0:02
Mother only 17 84 3:99 (1:25-127)
Both 40 106 5:99 (1-97-18-2)

CI, confidence interval.

There was no association between AD and birthweight, num-
ber of older siblings, pet dogs, use of antibiotics in the first
year of life, immunization or damp and mould in the home.

Limitations of this study must be recognized. Due to small
numbers from other ethnic groups continuing to participate in
the ABC study by phase 3, we could include data only on
New Zealand European infants. Those with low socioeconomic
status or maternal smoking were less likely to remain involved
and this affects the power of our estimates of the association
of AD with those variables, if anything making them more
conservative. The strengths of this study include the large sam-
ple size and prospective collection of data on many of the risk
factors studied.

The prevalence of AD found in this study is comparable

with that found in studies in other Western nations. The

International Study of Asthma and Allergies in Childhood
looked at the worldwide burden of AD symptoms by ques-
tionnaire and found rates of 2-16% among 6—7-year-olds,
and 1-17% among 13—14-year-olds. Rates were significantly
higher in Scandinavia, the UK., Japan and Australasia than in
China, central Asia and Eastern Europe.” Estimates of preval-
ence of AD in New Zealand schoolage children and adoles-
cents were 13-15%.'> The Christchurch Child Development
study found the prevalence of reported eczema in 2-year-old
New Zealand children to be 16:6%."* One of the limitations
of the these studies was that the diagnosis of AD was based
on report, with no confirmatory objective examination.

A modified version of the UK. diagnostic criteria for use in
children under 4 years was used to diagnose AD.'!''* This
included objective observer assessment of dermatitis. This was
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parental history of atopy and breastfeeding
adjusted for sampling design

Model 1 odds
ratio (95% CI)

Model 2 odds
ratio (95% CI)

Model 3 odds
ratio (95% CI)

Parental history Neither

of atopy

Duration of
breastfeeding

Father only

Mother only
Both

Never

< 6 months
> 6 months

1-00

3:59 (1:09-11°75)
3-83 (1:20-1223)
612 (2:02-18-50)
1:00

6:13 (1-45-25-86)
9:70 (2:47-38-15)

100
3:46 (1:07-11-18)
3:19 (0-98-10-39)
641 (2:11-19-52)
100

705 (1-44-34-56)
9:93 (2:18-45-36)

1:00
343 (1:03—11-4)
324 (1:00-10-5)
402 (1:32-12-2)
1:00

6:12 (1-22-30°7)
12:0 (2:62-548)

CI, confidence interval. Model 1, parental atopy and breastfeeding duration; model 2, par-

ental atopy, breastfeeding duration, older siblings, cat and/or dog at 1 year and 3-5 years,

damp, mould, maternal smoking, antibiotics used in first year of life; model 3, parental

atopy, breastfeeding duration, history of wheeze, rash or runny nose at 1 year.

not used to diagnose AD at age 1 year, when information was
collected by postal questionnaire. It is possible that other con-
ditions, such as seborrhoeic dermatitis and napkin dermatitis,
may have been mistaken for AD at 1 year. The diagnosis of
atopic disease in family members was made by asking a care-
giver (usually the mother) if she, the father or the siblings
had asthma, eczema or hayfever. It is possible that rates of at-
opy in relatives were over- or under-reported.

The diagnostic criteria for AD that were used here included
a history of atopy in the family. This potentially confounds
any association found between AD in the child and family his-
tory of atopy. On repeat analysis excluding the criterion of
family history from the diagnosis of AD, we found that
although the association weakened, it was still present. In sup-
port of our findings, an association of AD with a history of at-
opy in first-degree relatives has been shown in other
studies.””"*™'® This is perhaps due to a combination of genetic
factors and similar environmental exposures.

Studies have found that a larger infant size at birth is associ-
ated with an increased risk of atopy in later life, particularly
for the extremes of growth.'”™>' Despite having a population
with a large proportion of SGA infants, we did not find any
association between low birthweight and AD at 3-5 years. It
may be that this effect is seen only for some forms of atopic
disease, or that it becomes evident only in later life.

Studies of the association between breastfeeding and atopic
disease have produced conflicting results. Breastfeeding has
been found to be associated with reduced, unchanged and

. 14,15,22-24
increased rates of atopy.

Breastfeeding is more likely
to show a protective effect in those infants who come from
an atopic family.”® It is postulated that breastfeeding could
protect against AD through reduced exposure of the gut to
allergens, and the immunological properties of human breast
milk. However, breast milk does contain small amounts of
foreign proteins transferred from the mother and there are
reports of AD improving in breastfed infants when their
mothers started an exclusion diet or stopped breastfeeding.”®
We found a reduced risk of AD at 3-5 years in children who
were never breastfed; however, there were only small num-

bers in this group. There was also a trend to an increased risk

of AD with increasing duration of breastfeeding. It is interest-
ing that those studies finding breastfeeding to be protective
have generally looked at atopy during the first few years of
life, whereas those finding no protective effect have tended to
look at AD and atopic disease later in childhood. It may be
that the protective effect of breastfeeding is short-lived and
does not prevent the expression of atopy in later childhood.
Also the protective effect of breastfeeding may vary with
maternal diet and allergy, and the timing of introduction of
cow’s milk formula and solids.””**®

Bergmann et al. similarly found an increase in risk of AD

'* Rates of breast-

with increased duration of breastfeeding.
feeding in their study were significantly higher when the
mother had higher socioeconomic status, was older, did not
smoke during pregnancy and if there was a history of AD in
either parent: factors that were associated with increased risk
of AD. One possibility is that mothers choose to breastfeed for
longer if they believe their child to be at high risk of atopy.
However, in our study there was no association between the
presence of parental atopy and the duration of breastfeeding,
thus making reverse causation a less likely explanation for our
findings.

Several environmental factors have been suggested to have a
role in the development of atopy. The hygiene hypothesis was
initially proposed based on the finding of a protective effect
against hayfever from older siblings, possibly through
increased exposure to infections.”® Various other studies have
confirmed this effect,”'>*° but results have not always been

731 Use of antibiotics in the

consistent for asthma or eczema.
first year of life has been shown in retrospective studies to be
associated with the development of atopic disease, although

1732 Srudies

this has not been confirmed in prospective studies.
predominantly from northern Europe and America have sug-
gested that early contact with pets (particularly cats and dogs)
is protective against development of atopic sensitization and

. ,33,34
allergies.®*3?

However, multiple potential sources of bias
mean that this finding remains uncertain. We failed to find
any association between the number of older siblings, use of
antibiotics in the first year of life, dog ownership or other

environmental factors, and AD at 3-5 years in our population.
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Our only significant finding was that cat ownership at
3-5 years of life had a negative association with AD on multi-
variate analysis. It may be that other lifestyle factors in New
Zealand make environmental factors less significant. Environ-
mental causes for AD do not appear to have been important in
this study.

Overall, the findings of this study do not support the
hygiene hypothesis. Factors found to be associated with AD at
35 years in this population were parental history of atopy,
personal history of atopy and duration of breastfeeding. There
are many benefits of breastfeeding that warrant its recommen-
dation, but on the basis of this study we cannot recommend
it being advocated for the prevention of AD.
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