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Background: Early life exposures may be important in the

development of asthma and allergic disease.

Objective: To test house dust mite (HDM) avoidance and

dietary fatty acid modification, implemented throughout the

first 5 years of life, as interventions to prevent asthma and

allergic disease.

Methods: We recruited newborns with a family history of

asthma antenatally and randomized them, separately, to HDM

avoidance or control and to dietary modification or control.

At age 5 years, they were assessed for asthma and eczema

and had skin prick tests for atopy.

Results: Of 616 children randomized, 516 (84%) were

evaluated at age 5 years. The HDM avoidance intervention

resulted in a 61% reduction in HDM allergen concentrations

(mg/g dust) in the child’s bed but no difference in the

prevalence of asthma, wheeze, or atopy (P > .1). The prevalence

of eczema was higher in the active HDM avoidance group (26%

vs 19%; P 5 .06). The ratio of v-6 to v-3 fatty acids in plasma

was lower in the active diet group (5.8 vs 7.4; P < .0001).

However, the prevalence of asthma, wheezing, eczema, or atopy

did not differ between the diet groups (P > .1).

Conclusion: Further research is required to establish whether

other interventions can be recommended for the prevention of

asthma and allergic disease.

Clinical implications: House dust mite avoidance measures and

dietary fatty acid modification, as implemented in this trial
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during infancy and early childhood, did not prevent the onset

of asthma, eczema, or atopy in high-risk children. (J Allergy

Clin Immunol nnnn;nnn:nnn-nnn.)
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During the 1990s, there was widespread concern about
the high and increasing burden of illness due to asthma,
particularly among children.1,2 Evidence of substantial
variation in prevalence rates between ethnically similar
populations living in different geographical regions or
cultural contexts3,4 strongly implied a role for lifestyle
and environmental factors in the etiology and expression
of asthma and allergic disease. Furthermore, long-term
cohort studies revealed that asthma in childhood is an im-
portant risk factor for asthma in later life.5

Exposure to house dust mites (HDMs) and their al-
lergens was 1 environmental factor postulated to have an
important role in promoting asthma.6 Sensitization to
HDM allergens was strongly linked to the presence of
asthma, particularly in humid, coastal regions,7 and there
was evidence that exposure to high levels of HDM in-
creased the risk of developing asthma.8,9 Diet also varies
substantially with lifestyle and cultural factors and may
explain some of the variation in asthma prevalence.
Cross-sectional studies in Australia during the 1990s
found that children who regularly consumed oily fish,
which contain high levels of v-3 fatty acids, were less
likely to have airway hyperresponsiveness and asthma.10

In addition, preschool children who regularly consumed
oils and spreads containing polyunsaturated fats that
have a higher proportion of v-6 fatty acids had an in-
creased risk of asthma-like symptoms compared with
those not consuming these products.11

We and others12 concluded that the appropriate way to
test the hypothesis that these exposures were, indeed, risk
factors for asthma, and at the same time evaluate strategies
relevant to the prevention of asthma at a population level,
was to test them in a randomized controlled trial. Hence,
we embarked on a trial to test the effect, in children with
a family history of asthma, of interventions designed to
reduce exposure to HDM allergens and, separately, to
increase the ratio of v-3 to v-6 fatty acids in the diet,
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Abbreviation used
HDM: House dust mite

both implemented from birth to age 5 years, on the risk of
asthma and allergic disease at age 5 years.

METHODS

The study design has been described in detail previously,13 and

only key features are presented here. The study was a randomized,

parallel-group controlled trial using a factorial design that separately

tested 2 interventions.

The study was approved by the Human Research Ethics Com-

mittees of the University of Sydney, Children’s Hospital Westmead,

and Western and South Western Sydney Area Health Services.

Participants

Between September 1997 and November 1999, we recruited

pregnant women whose unborn children were at increased risk of

developing asthma because 1 or more parents or siblings had asthma

or wheezing. We excluded those with a pet cat at home, strict

vegetarians, women with a nonsingleton pregnancy, and infants born

earlier than 36 weeks of gestation.13

We randomized participants, after signed consent was obtained

at approximately 36 weeks of gestation, into active intervention or

control groups for both HDM avoidance and dietary fatty acid

modification using a procedure that we have described previously.13

There was a planned policy of withdrawing infants after random-

ization who had birth weights less than 2.5 kg, significant congenital

malformations, or other significant neonatal disease.

Interventions

Details of the interventions are provided in the Online Repository

for this article at www.jacionline.org.

The active HDM avoidance intervention used both physical and

chemical methods to reduce exposure where the child was sleeping

and playing, commencing before the birth of the child.13 Physical

methods included the application of an allergen-impermeable barrier

to the child’s bed and pillow and regular washing of bedding. At

3-month intervals, parents added a benzyl benzoate–containing solu-

tion (final concentration 0.03%) to the wash. We provided parents in

both the active and control HDM avoidance groups with advice about

ensuring adequate ventilation, regular vacuuming, and avoidance of

humidifiers or vaporizers.

The active diet intervention was intended to increase the propor-

tion of v-3 long-chain polyunsaturated fatty acids in the diet and

reduce the content of v-6 fatty acids.13 Parents were provided with

oils and spreads for use with food preparation and food oil capsules

to add once daily to the child’s formula from the time the child started

bottle-feeding, or to solid foods from age 6 months, whichever was

earlier. For the active group, we provided canola-based oils and

spreads, which are low in v-6 fatty acids, and tuna oil capsules, which

contain v-3 fatty acids. For the diet control group, we provided poly-

unsaturated oils and spreads, containing 40% v-6 fatty acids, and

Sunola oil (Crisco-Meadow Lea Foods Inc, Sydney, Australia) cap-

sules, which are low in v-3 fatty acids.

Assessment of adherence to the interventions

In the active HDM avoidance group, at each home visit when we

collected dust specimens, the study nurses assessed the presence of

the study mattress cover on the child’s bed and asked the parents to
confirm that they had washed the bedding with the benzyl benzoate–

containing solution.

We assessed self-rated adherence to the use of study oils and

spreads and the weight of returned food oil capsules as described in

this article’s Online Repository at www.jacionline.org. We measured

plasma fatty acids at 18 months, 3 years, and 5 years as an objective

measure of both adherence to the dietary regimen and its effect on

blood levels of fatty acids.

Assessments

Assessments were performed at ages 18 months, 3 years, and 5

years. We have reported the outcomes at the first 2 assessments

previously.14,15

At age 5 years, parents were interviewed about symptoms and

diagnoses relevant to asthma and allergic disease using a pro forma

questionnaire. We based questions on symptoms of asthma, eczema,

and rhinitis on those used in published questionnaires.16,17 Partici-

pants were examined for the presence of flexural eczema.

Spirometric lung function and respiratory system resistance

were measured as described in this article’s Online Repository at

www.jacionline.org.

We measured atopy by using skin prick tests to the ingested

allergens salmon, peanuts, cow’s milk, egg white, egg yolk, and tuna,

and the inhalant allergens Dermatophagoides pteronyssinus (HDM),

cockroach, cat, Alternaria alternata, rye grass and a grass mix

(Hollister-Stier, Spokane, Wash), as previously described.15 Glycerol

and histamine phosphate (6 mg/mL) were used as negative and pos-

itive controls, respectively. Wheal sizes that were � 2 mm and were

also > negative control were classified as positive.

Blood was collected for the measurement of serum total IgE.

Plasma fatty acids were measured by gas chromatography.

Fine dust was collected from the child’s bed by using a standard

protocol18 at 4 weeks; 3, 6, 9, and 12 months; and then at 6-month

intervals throughout the trial. The concentration of Der p 1 per

gram of fine dust was measured as previously described.18

Primary outcome variable

We defined probable current asthma at the age of 5 years as

parental report of any wheeze in the previous 12 months at age 5 years

and either a parental report of diagnosed asthma at ages 18 months,

3 years, or 5 years or a >12% increase in FEV1 after bronchodilator

at age 5 years.

Secondary outcome variables

The pattern of wheeze at age 5 years was classified according to

international guidelines.19 We classified participants who had epi-

sodes of wheeze lasting a week or more as having frequent episodic
wheeze if the episodes occurred 3 or more times and more often than

every 6 weeks over a 12-month period or as having infrequent epi-

sodic wheeze if the episodes occurred less frequently. All other

participants with wheeze—that is, participants whose episodes only

lasted less than 1 week—were classified as having other wheeze.

The remaining participants had no wheeze.

Cough without cold was defined as parental report of cough lasting

a week or more that was not associated with a cold.

Rhinitis was identified by parental report of sneezing or runny,

itchy, or blocked nose.

Current eczema was defined as the presence of flexural eczema on

inspection (by the assessment nurse) or by parental report of a history

of itchy rash coming and going for a period of 3 months or more20

together with a history of seeking medical care for eczema and/or

using steroid or emollient creams in the last 12 months. Other mea-

sures of eczema are presented in this article’s Online Repository at

www.jacionline.org.
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The time course of wheezing illness was defined as transient early

wheeze if it was present at 18 months and 3 years but not at 5 years,

late onset wheeze if it was absent at 18 months and 3 years but present

at 5 years, persistent if it was present at 18 months and/or at 3 years

and also present at 5 years, and never if it was absent at all 3

assessments.

Blinding

The approach to blinding participants and research staff is

described in this article’s Online Repository at www.jacionline.org.

Statistical methods

Data were acquired in a Microsoft Access database and exported

for analysis in SAS System for Windows version 8.02 (SAS Institute,

Cary, NC).

The analysis plan, which was finalized before accessing the data,

and sample size calculations are described in this article’s Online

Repository at www.jacionline.org.

Because we could not measure the primary outcome, the presence

of asthma at age 5 years, in any participants until after recruitment

was completed, we undertook no interim analysis. However, we have

reported previously the complete outcome data at ages 18 months and

3 years.14,15

RESULTS

As previously reported,21 7171 women were screened,
of whom 2095 (29%) were eligible for the study, and 616
(29% of those eligible) were enrolled as participants. A
survey of 200 eligible nonparticipants revealed that, com-
pared with participants, a lower proportion of parents were
tertiary-educated but the parents did not differ in age or
proportion who were Australian-born, in full time employ-
ment, or primigravida.21

At age 5 years, outcome data were available for 516
(84%) of the 616 randomized participants. Most with-
drawals (64) occurred before the 18-month follow-up (see
this article’s Fig E1 in the Online Repository at www.
jacionline.org). There were a further 22 withdrawals
between 18 months and 3 years, and 12 between 3 and 5
years. Another 2 participants did not attend for assessment
at age 5 years. There was an even distribution of with-
drawals among the groups. Reasons for withdrawal in-
cluded parental decision (32), lost contact (53), unrelated
medical problem in the child (11), and protocol violation
(incorrectly selected for study, not eligible, 2).

Table E1 compares the baseline characteristics of the
participants whom we followed up at age 5 years with par-
ticipants who had withdrawn in each of the study groups.
Women who had withdrawn their children from participa-
tion at age 5 years were younger than women who allowed
their children to continue to participate (P < .0001), and
those children who had been withdrawn were more likely
to have older siblings (P 5 .05). Rates of withdrawal did
not differ between active and control groups of the HDM
or diet interventions (P > .2).

Among participants assessed at age 5 years, the active
and control groups of the HDM and diet interventions did
not differ in parental age, parental birth in Australia,
parental education, parental history of asthma, maternal
history of smoking in pregnancy, or participant’s sex (all
P values > .05; see this article’s Table E1 in the Online
Repository at www.jacionline.org).

There was no significant interaction between the HDM
avoidance intervention and the diet intervention in the
effect on the study outcomes.

Adherence to the study interventions

We assessed the presence of the study mattress cover on
the child’s bed and use of the benzyl benzoate–containing
solution for washing bedding on 13 occasions in the active
HDM avoidance group. Covers were in place on 11 or
more occasions in 53% of participants and on 8 or more
occasions in 90% of participants. We confirmed the use of
the benzyl benzoate–containing solution on 11 or more
occasions in 71% of participants and on 8 or more
occasions in 96% of participants.

The proportion of parents who reported that they
remembered to use the study spreads and oils all of the
time or most of the time during the study was 88%. This
was the same in the active and control diet intervention
groups (P 5 .4). However, median adherence to oil cap-
sules during the period after age 2.5 years, estimated as
the observed weight change of returned containers ex-
pressed as a percentage of the expected weight change,
was only 56% (interquartile range, 26% to 80%) and
was higher in the control diet group (median, 62%; inter-
quartile range, 32% to 83%) than the active diet group
(median, 51%; interquartile range, 16% to 78%; P 5

.004).

Effect of HDM avoidance intervention

The active HDM avoidance intervention achieved an
average 61% reduction (95% CI, 57% to 65%) in the
concentration of HDM allergen in dust collected from the
child’s bed over the period from 1 month to 5 years
compared with the control group (Fig 1). At the 5-year fol-
low-up, there was a 54% reduction in the active HDM
intervention group.

Despite this reduction in HDM allergen levels in the
child’s bed, the intervention had no effect on the

FIG 1. HDM allergen concentrations in fine dust collected from

children’s beds throughout the study period in the active and

control HDM intervention groups. Geometric means and 95% CIs

are shown.
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TABLE I. Effect of HDM intervention on study outcomes*

Prevalence or mean Difference (95% CI) Relative risk (95% CI)

Outcome Control N 5 260 Active N 5 256 Active – control Active/control P

Probable current asthma 60 53 .6

23.1% 20.7% 22.4% (29.5% to 4.8%) 0.90 (0.65 to 1.24)

Pattern of wheeze .8

Frequent episodic 6 3

2.3% 1.7%

Infrequent episodic 18 22

6.9% 8.6%

Other wheeze 60 56

23.1% 21.9%

No wheeze 176 175

67.7% 68.4%

Time course of wheeze� .6

Persistent 71 64

27.4% 25.0%

Late onset 13 17

5.0% 6.6%

Transient early 89 84

34.4% 32.8%

Never 86 91

33.2% 35.6%

Cough without colds 49 42 .5

18.9% 16.4% 22.4% (29.0% to 4.1%) 0.87 (0.60 to 1.27)

Rhinitis 103 110 .5

39.6% 43.0% 3.4% (25.1% to 11.9%) 1.08 (0.88 to 1.33)

Current eczema� 48 65 .06

18.5% 25.7% 7.2% (0.0% to 14.3%) 1.39 (1.00 to 1.93)

Skin prick tests N 5 250 N 5 238

Any atopy 117 100 .3

46.8% 42.0% 24.8% (213.6% to 4.0%) 0.90 (0.74 to 1.10)

Inhalant atopy 114 94 .2

45.6% 39.5% 26.1% (214.9% to 2.7%) 0.87 (0.70 to 1.07)

HDM atopy 91 75 .3

36.4% 31.5% 24.9% (213.3% to 3.5%) 0.87 (0.67 to 1.11)

IgE, IU/L N 5 201 N 5 195 (Ratio of means)

81 65 0.80 (0.60 to 1.08) .14

Baseline spirometry N 5 195 N 5 186

FEV1, L 1.07 1.07 0.00 (20.03 to 0.04) .9

FEV1/FVC ratio§ 0.95 0.95 .6

Postbronchodilator spirometry N 5 194 N 5 181

FEV1, L 1.10 1.11 0.01 (20.03 to 0.04) .8

FEV1/FVC ratio§ 0.96 0.96 .5

% change FEV1§ 3.4% 3.5% .8

FOT baseline N 5 180 N 5 185

Rrs (cm H2O/L/s)§ 9.95 10.01 .8

FOT after bronchodilator N 5 177 N 5 180

Rrs (cm H2O/L/s)§ 8.66 8.55 .6

% Change Rrs§ 215.6% 213.8% .3

FOT, Forced oscillation technique; FVC, forced vital capacity; Rrs, resistance of the respiratory system.

*Values < 1 for relative risk and < 0 for differences favor the active intervention (except for FEV1, for which positive values represent

benefit for the intervention).

�No data for 1 control participant.

�No data for 1 control and 3 active participants.

§Median values shown.
prevalence of asthma at age 5 years (Table I).
Furthermore, there were no beneficial effects on the prev-
alence of any of the clinical or lung function outcomes
measured at this age. There was a higher prevalence of
current eczema at age 5 years in the active HDM interven-
tion group (P 5 .06). Four of 7 measures of eczema and its
treatment showed worse outcomes in the active HDM
avoidance group (see this article’s Table E2 in the
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Online Repository at www.jacionline.org). There was no
reduction in the prevalence of sensitisation to HDM aller-
gen. This finding was not different if a 3-mm threshold for
a positive test was used.

Effect of dietary fatty acid modification

At ages 18 months, 3 years, and 5 years, the proportion
of plasma fatty acids that were v-3 was higher in the active
diet group than in the control diet group, and the propor-
tion that were v-6 was higher in the control diet group than
in the active diet group (P < .0001 for all comparisons;
Fig 2). In the control diet group, the median ratios of v-3
fatty acids to v-6 fatty acids were 1:7.2, 1:7.7, and 1:7.4
at 18 months, 3 years, and 5 years, respectively, and in
the active diet group, the median ratios were 1:4.9, 1:5.9,
and 1:5.8, respectively.

The diet intervention did not have significant beneficial
effects on any of the clinical, lung function, or allergic
outcomes measured at age 5 years (Table II). In particular,
there was no significant reduction in the prevalence of ei-
ther asthma or eczema in the diet active intervention group
compared with the diet control group.

Subgroup analyses

The effect of the HDM and diet interventions on clinical
outcomes did not differ between participants with and
without positive skin prick tests to any allergens at age 5
years (P > .1).

The effect of the interventions on risk of asthma and
atopy at age 5 years did not differ between male and
female subjects, between those with and without a mater-
nal history of asthma, or between those with and without a
paternal history of asthma (see this article’s Table E3 in
the Online Repository at www.jacionline.org).

DISCUSSION

We have shown that the implementation of feasible
strategies directed at reducing exposure to HDM allergens
and decreasing the ratio of v-6 to v-3 long-chain poly-
unsaturated fatty acids in the diet during the first 5 years
of life does not reduce the prevalence of asthma, other
wheezing illness, cough, rhinitis, eczema, or atopic sen-
sitisation at age 5 years in children with a family history
of asthma and wheezing. These negative results were
obtained despite a 61% reduction in the concentration of
HDM allergen in dust collected from the child’s bed over
the period of the study and a sustained alteration in the
ratio of v-3 to v-6 fatty acids, respectively, attributable to
the interventions.

Previous findings in this cohort

The lack of clinical benefit of both interventions at age
5 years is broadly consistent with the findings at earlier
ages in this cohort. The HDM avoidance intervention was
not associated with any reduction in adverse clinical
outcomes at age 18 months or 3 years.14,15 There was a
small reduction in the prevalence of HDM sensitisation
at 3 years,14 but this did not persist to age 5 years. The di-
etary intervention was associated with a reduction in any
wheeze, although not in wheeze without colds or any other
clinical outcomes, at age 18 months,14 and reduction in
cough associated with atopy at age 3 years.15 No beneficial
effects on clinical outcomes were sustained to age 5 years.

Other evidence about environmental and
dietary interventions, implemented from birth

In the mid to late 1990s, several randomized controlled
trials in Europe and North America investigated the ability
of interventions to prevent the onset of asthma and other
allergic disease in high-risk children. Most of these trials
implemented procedures to reduce exposure to HDM
allergen during infancy, commencing at or before the birth
of the child (Table III).22-26 The current study and 2
others24,26 tested the effect of HDM avoidance alone.
All 3 achieved significant reductions in HDM allergens
levels in household reservoirs. None of the 3 has demon-
strated any beneficial effects on clinical outcomes at this
stage. However, the other studies have reported outcomes
only at ages 3 and 2 years, respectively. Other trials have
incorporated food allergen avoidance,23,25 and 1 large
Canadian trial22 implemented a multifaceted environmen-
tal intervention as well as food allergen avoidance. The
Canadian study has shown clinically and statistically sig-
nificant beneficial effects on outcomes at age 7 years.
However, there was no effect on the prevalence of airway
hyperresponsiveness, an objective marker of airway ab-
normality closely related to asthma.27 The study in the
Isle of Wight was much smaller and may have been under-
powered. Nevertheless, there were strong trends toward
beneficial effects at age 8 years in that trial,23 and this is
the only study in which the intervention resulted in a sus-
tained reduction in the prevalence of atopy. It is not possi-
ble to draw definite conclusions about the effectiveness of
specific avoidance interventions from the analysis of the

FIG 2. Proportion of v-3 and v-6 plasma fatty acids at ages 18

months, 3 years, and 5 years among participants followed up at 5

years. Medians and interquartile ranges are shown. All differences

active vs control are significant, P < .0001.
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TABLE II. Effect of dietary fatty acid modification on study outcomes*

Prevalence or mean Difference (95% CI) Relative risk (95% CI)

Outcome Control N 5 249 Active N 5 267 Active – control Active/control P

Probable current asthma 51 62 .5

20.5% 23.2% 2.74% (24.4% to 9.9%) 1.13 (0.82 to 1.57)

Pattern of wheeze .9

Frequent episodic 4 5

1.6% 1.9%

Infrequent episodic 17 23

6.8% 8.6%

Other wheeze 61 55

24.5% 20.6%

No wheeze 167 184

67.1% 68.9%

Time course of wheeze� .3

Persistent 67 68

26.9% 25.6%

Late onset 15 15

6.0% 5.6%

Transient early 90 83

36.1% 31.2%

Never 77 100

30.9% 37.6%

Cough without colds 36 55 .09

14.5% 20.6% 6.1% (20.4% to 12.7%) 1.42 (0.97 to 2.09)

Rhinitis 102 111 .9

41.0% 41.6% 0.6% (27.9% to 9.1%) 1.01 (0.83 to 1.25)

Current eczema� 59 54 .4

24.0% 20.3% 23.7% (210.9% to 3.5%) 0.85 (0.61 to 1.17)

Skin prick tests N 5 234 N 5 254

Any atopy 108 109 .5

46.2% 42.9% 23.2% (212.1% to 5.6%) 0.93 (0.76 to 1.13)

Inhalant atopy 102 106 .7

43.6% 41.7% 21.9% (210.6% to 6.9%) 0.96 (0.78 to 1.18)

HDM atopy 78 88 .8

33.3% 34.7% 1.3% (27.1% to 9.7%) 1.04 (0.81 to 1.33)

IgE, IU/L N 5 193 N 5 203 (Ratio of means)

79 68 0.86 (0.64 to 1.16) .3

Baseline spirometry N 5 188 N 5 193

FEV1, L 1.07 1.07 0.0 (20.03 to 0.03) .9

FEV1/FVC ratio§ 0.95 0.95 .8

Postbronchodilator spirometry N 5 185 N 5 190

FEV1, L 1.10 1.11 0.00 (20.03 to 0.04) .9

FEV1/FVC ratio§ 0.95 0.96 .3

% change FEV1§ 3.17% 3.52% .9

FOT baseline N 5 178 N 5 187

Rrs (cm H2O/L/s)§ 10.21 9.87 .3

FOT after bronchodilator N 5 175 N 5 182

Rrs (cm H2O/L/s)§ 8.80 8.47 .08

% Change Rrs§ 214.5% 215.7% .5

FOT, Forced oscillation technique; FVC, forced vital capacity; Rrs, resistance of the respiratory system.

*Values < 1 for relative risk and < 0 for differences favour the active intervention (except for FEV1, for which positive values represent

benefit for the intervention).

�No data for 1 active participant.

�No data for 3 control participants and 1 active participant.

§Median values shown.
current published data, because there are important differ-
ences in the local environments in which the trials were
conducted. In addition, the interventions and the outcomes
measured vary among the trials. Nevertheless, it appears
that HDM avoidance as a sole intervention does not
have beneficial effects on the onset and course of asthma
and allergic disease in early life.

The current trial is the first in which an alteration in the
balance of v-3 and v-6 long-chain polyunsaturated fatty
acids in the diet has been implemented from birth, with a
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TABLE III. Findings of clinical trials of HDM avoidance interventions, implemented from birth, for the

prevention of asthma in children*

Study population Intervention

Assessment

age Clinical outcomes

Atopic

sensitization Reference

First degree relative

with asthma or

wheeze, no

household cat,

Sydney Australia

HDM allergen

avoidance, first 5 y

of life

5 y No effect on asthma,

wheeze, cough or

rhinitis; increase in

eczema (RR, 1.39)

No effect (any

positive SPT)

Current study

First-degree relatives

with asthma or

allergic disease,

Vancouver and

Winnipeg, Canada

Avoidance of HDM,

pets, environmental

tobacco smoke, day

care, and cow’s

milk; first year

of life

7 y Reduced doctor-

diagnosed asthma

(RR, 0.44), wheeze

(RR, 0.42); no

effect on rhinitis,

eczema, or AHR

No effect (any

positive SPT)

Chan-Yeung et al22

First-degree relatives

with allergic

disease, Isle of

Wight, UK

Food and HDM

allergen avoidance;

first 9 mo of life

8 y Reduced nocturnal

cough (RR, 0.43);

nonsignificant

trends to reduced

wheeze (RR, 0.50)

and reduced AHR

(RR, 0.76)

Reduced atopy

(any positive

SPT; RR, 0.43)

Arshad et al23

Both parents atopic,

no household pets,

Manchester, UK

HDM allergen

avoidance

implemented from

prenatal period

3 y No effect on wheeze,

cough, rhinitis,

or eczema

Increased atopy

(any positive

SPT; RR, 1.61)

Woodcock et al24

First-degree relatives

with allergic

disease, Vienna

(Austria), Isle of

Wight (UK),

Freiburg (Germany)

Food and HDM

allergen avoidance,

implemented from

birth

2 y No effect of asthma,

wheeze, rhinitis,

or eczema

No effect on HDM

sensitization (SPT)

Horak et al25

Mother with allergic

disease, The

Netherlands

HDM allergen

avoidance,

implemented from

prenatal period

2 y No effect on wheeze,

cough, rhinitis, or

eczema

No effect on

HDM sensitization

(specific IgE)

Koopman et al26

AHR, Airway hyperresponsiveness; RR, relative risk; SPT, skin prick test; UK, United Kingdom.

*Only studies reporting clinical outcomes at age 2 y or older are included. The latest data from each study are cited.
view to reducing the incidence of asthma or allergic
disease. Recently, another study has shown that fish oil
supplementation of the diet of mothers with allergy during
pregnancy resulted in attenuated cytokine responses to
allergen by cord blood lymphocytes.28 We do not know
whether this earlier intervention results in sustained clini-
cal benefits in later childhood.

Possible reasons for failure to
show a clinical benefit

The most direct interpretation of the negative finding in
this study is that the hypotheses are not supported, despite
the observational data that led to their formulation. In
relation to the HDM avoidance intervention, this conclu-
sion is probably valid, because earlier results of this trial
and other trials were also negative. However, it is also
possible that, although we achieved substantial reductions
in HDM allergen exposure, those reductions were not large
enough to have biological consequences. Mean levels in
the active HDM avoidance group were around 6 to 7 mg/g
for most of the study period, which is high by international
standards and a level at which observational studies
suggest sensitization is likely.29 Substantially lower levels
were observed in intervention studies conducted in
Europe. In the Prevention and Incidence of Asthma and
Mite Allergy study, the median concentration of HDM
allergen in dust collected from the child’s mattress at age
12 months was 0.9 mg/g in the active treatment group
and 1.5 mg/g in the placebo group.30 In the Manchester
study, the corresponding geometric mean concentrations
of HDM allergen were approximately 0.2 mg/g in the ac-
tive treatment group and 1.0 mg/g in the placebo group.31

Furthermore, reductions in reservoir levels only approxi-
mately reflect the reduction in personal exposure to
HDM allergen because this measure is only moderately
correlated with airborne sampling.32,33 There are no exist-
ing data that allow us to establish whether a larger reduc-
tion in HDM allergen would have resulted in effective
prevention of asthma and, if so, how large that reduction
would have to have been. However, 2 international studies
that did achieve much lower levels of HDM allergen in the
intervention group did not achieve clinical benefits.24,26
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The failure to detect an effect of the dietary intervention
might be attributable to suboptimal adherence to and/
or implementation of the intervention. Although parents
reported that they were using the oils and spreads that were
provided, weighing of returned containers indicated only
moderate adherence to the expected use of the additive
food oil capsules, and the ratio of v-3 to v-6 fatty acids in
plasma in the active diet group decreased slightly between
the ages of 18 months and 3 years. However, differences in
plasma levels of v-3 and v-6 fatty acids between active
and control groups were demonstrated throughout the
5-year study period, and the relative magnitude of the
differences was similar to that observed in neonatal red
cell membranes in a study that suggested that such changes,
induced by maternal fish oil supplementation, might
reduce neonatal lymphocyte allergen responsiveness.28

It is also possible that the occurrence of asthma in the
high-risk group we have selected, with a family history of
asthma, is largely genetically determined, and that the
population in whom environmental interventions are most
likely to be effective are those without these genetic risk
factors. In common with other investigators, we excluded
these subjects from our study population and hence had no
capacity to test that hypothesis.

Loss to follow-up may cause biased results in clinical
trials. However, in this study, only 16% of the originally
randomized cohort were not available for assessment at
age 5 years. Hence, for the main study outcomes, impor-
tant selection bias is unlikely. Participation rates for
spirometry and measurement of total serum IgE were
lower (see this article’s Table E1 in the Online Repository
at www.jacionline.org) because of subjects being tested at
home rather than at the testing center or, in some cases,
technical difficulty with the procedures. It seems unlikely
that this reason for nonparticipation would have led to
serious selection bias.

Finally, it is possible that failure to show a clinical
benefit results from lack of power. The study was designed
(powered) to detect a 15% absolute reduction in the prev-
alence of asthma.13 Examination of the 95% CIs shows
that we have excluded, with 95% confidence, a reduction
in the prevalence of probable current asthma of 9.5%
or greater for the diet intervention and 4.4% or greater
for the HDM avoidance intervention. Hence, we met
the power targets we had set. We have also excluded re-
duction in the prevalence of atopy of 12.1% or greater
for the diet intervention and 13.6% or greater for the
HDM avoidance intervention. We believe we have ex-
cluded a benefit of sufficient magnitude to warrant wide-
spread implementation.

Increase in eczema in the active HDM
avoidance group

At age 5 years, several measures of eczema and
its treatment were worse in the active HDM avoidance
group. However, the fact that there was no increase in
the prevalence of visible eczema or seeking medical care
for eczema at the time of the 5-year examination suggests
that the observed excess skin disease was relatively mild.
There are several possible explanations for the increase
in eczema in the HDM avoidance group, although none
adequately explains the observations. It is possible that
the HDM avoidance intervention, in addition to removing
HDM allergen, also removed other, protective factors such
as endotoxin in the local environment and that this resulted
in an increase in eczema in the active intervention group.34

This was 1 mechanism proposed for the increase preva-
lence of sensitization in the Manchester HDM avoidance
trial.24 However, in this study, there was no increase in
the prevalence of atopy in the active HDM avoidance
group. Another possible explanation is that higher mite
allergen in the control group may have induced some
form of immunologic tolerance, resulting in relatively
less eczema in the control compared with the intervention
group. However, the lack of any difference in the preva-
lence of HDM sensitization also makes this unlikely.
Components of the HDM avoidance intervention may
have contributed to the increased prevalence of eczema.
Although it is feasible the encasings themselves may di-
rectly exacerbate eczema, this effect has not been observed
in other intervention studies with encasings. It is also un-
likely that the laundry additive contributed to the increase
in eczema. The active ingredient, benzyl benzoate, was
used in the wash at a concentration of 0.03%, and the
residual concentration would be expected to be extremely
low after subsequent rinsing and drying of bedding.
Benzyl benzoate is routinely applied directly to the skin
at concentrations of 5% in the treatment of scabies, and
confirmed skin reactions linked to this treatment are rare.35

CONCLUSION

The institution of HDM avoidance measures and die-
tary fatty acid modification, as implemented in this trial,
in infancy and early childhood to prevent the onset of
asthma and allergic disease in children at increased risk of
asthma cannot be recommended. Indeed, the former may
be contraindicated because of an increased risk of eczema.
The positive findings from some other intervention trials
and the observed temporal and geographic variation in the
prevalence of asthma support the view that, under certain
circumstances, asthma can be prevented. However, the
most effective, practical forms of early life environmental
modification and the circumstances under which it will be
appropriate to implement them remain to be established.
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