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The PREVASC study: the clinical effect of a
multifaceted educational intervention to
prevent childhood asthma
H.J.A.M. Schönberger*, E. Dompeling#, J.A. Knottnerus*, T. Maas*,
J.W.M. Muris*, C. van Weel" and C.P. van Schayck*

ABSTRACT: As asthma is the most common chronic disease in childhood, much attention is
directed towards primary prevention. Here, the clinical effectiveness of a multifaceted educational
prevention was studied.
A total of 476 high-risk children were recruited during the prenatal period by general
practitioners and randomised to either: 1) a control group, receiving usual care; or 2) an
intervention group in which families received instruction from nurses on how to reduce exposure
of newborns to mite, pet and food allergens, and passive smoking.
A total of 443 infants were followed-up for 2 yrs. At 2 yrs of age, the intervention group (n5222)
had less asthma-like symptoms, including wheezing, shortness of breath and night-time cough,
than the control group (n5221). No significant differences in total and specific immunoglobulin E
were found between the groups. During the first 2 yrs of life, the incidence of asthma-like
symptoms was similar in both groups; however, subanalysis revealed a significant reduction in
the female, but not in the male, intervention group.
In conclusion, the intervention used in this study was not effective in reducing asthma-like
symptoms in high-risk children during the first 2 yrs of life, although it was modestly effective at
2 yrs. Follow-up is necessary to confirm whether the intervention can actually prevent the
development of asthma.
KEYWORDS: Childhood asthma, house dust mites, passive smoking, pets, prevention, primary
care

sthma is the most common chronic disease in childhood and it is responsible for
a large burden of disease, with huge
socio-economic consequences [1–3]. As the prevalence of asthma is still increasing [4–8], much
attention is being directed towards the possibilities for primary prevention. It is generally
agreed that asthma is a multifactorial disease,
which develops in very early life or even in the
uterus [9–12].

A

Environmental exposure to allergens and tobacco
smoke during pregnancy or in very early life may
enhance sensitisation and allergic morbidity,
especially in children with a genetic predisposition [13, 14]. Several primary prevention trials
are currently in progress or will be finished soon,
and have recently been reviewed [15]. Some trials
study the preventive effect of a reduction in a
single exposure, such as food allergens [16],
or mite and pet allergens [17, 18], or a dual
approach of avoidance of food and mite allergens
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[19], combined with a reduction in passive
smoking [20]. The study reported here, the
Prevention of Asthma in Children (PREVASC)
study, differs from the previously cited trials, as
eligible cases were recruited from a primary care
population in a routine primary care setting. The
study uses a multifaceted approach, by investigating the effect of a reduction in both prenatal
and postnatal exposure to mite, pet and food
allergens, and passive tobacco smoke on the
development of asthma in children at high risk,
those with at least one first-degree relative with
asthma. Through this approach the PREVASC
study acknowledges the multifactorial nature of
asthma. It brings together the factors that can be
addressed in daily primary care. In addition, a
comprehensive preventive effect, rather than the
effect of a reduction of a single exposure, is
assessed. Since airway morbidity is influenced
by sex [21], and sex-specific effects of environmental exposure on asthma have been reported
recently [22], the clinical effectiveness of the
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intervention programme was evaluated separately in males
and females.
METHODS
The Ethical Committee of the University Maastricht
(Maastricht, The Netherlands) approved the study.
Study population
The PREVASC study is a randomised intervention study
carried out in the Dutch primary care setting, investigating the
effectiveness of a primary prevention programme of asthma
directed towards high-risk families expecting a child. The
rationale and design of the PREVASC study have been
described previously [14, 23].
In summary, pregnant mothers were recruited by general
practitioners (GPs) and midwives during the first two
trimesters of their pregnancy when they visited their GP or
midwife. In the Dutch healthcare system, all patients are
registered with a GP over a long period of time and consult
their GP for all their healthcare needs, including pregnancy
[24]. Mothers were asked for written informed consent when
the GP had established that their unborn babies were at high
risk from familial occurrence of asthma (asthma in at least the
mother, father or sibling(s)). This allowed antenatal identification of those who would subsequently be at increased risk of
developing asthma.
Intervention
The intervention group received standardised instruction from
(specially trained) nurses in three home visits: at the start at 4–
6 months of pregnancy, at 8 months of pregnancy, and 1–3
weeks after birth. The instruction consisted of recommendations to reduce four main environmental exposures, as follows.
1) Mite allergens by sanitation measures, including daily
cleaning of floors in the house, washing bed clothes on a hot
cycle (o60 ˚C), removing textile floor coverings, reducing air
humidity by ventilating/airing and heating, using miteimpermeable bedding (mattress, quilt and pillow, and/or
sleeping bag) for both parents and infant (MitecareH; Sanalife
BV, Lelystad, The Netherlands). These measures have been
shown to be effective in reducing mite allergen levels [14].
Parents were informed of these anti-mite measures during the
second visit and they were encouraged to apply them before
the infant was born and during the first 2 yrs of life. Anti-mite
encasings were provided 1 month before birth. 2) Pet allergens
by disposing of pets or keeping them outside the house and
washing them at least once a month. Instruction on these
measures was given during the first visit and repeated in the
second and third visits. Parents were asked to start by
applying the measure at least 3 months before birth and to
continue this during the first 2 yrs of life. The timing of the
instruction to apply these two measures was chosen so that a
low level of these allergens could be achieved by the time the
child was born. 3) Food allergens by breastfeeding the infant
during at least the first 6 months of life. If breastfeeding was
stopped before a child was 6 months old or if supplementation
was necessary, an extensive hydrolysed formula milk
(Nutrilon PeptiH; Numico, Zoetermeer, The Netherlands)
was prescribed. In addition, it was recommended that the
introduction of the first solid food intake was postponed until
after 6 months of age. Instruction on these measures was given
EUROPEAN RESPIRATORY JOURNAL

PRIMARY PREVENTION OF CHILDHOOD ASTHMA

during the second visit and repeated during the third visit. 4)
Passive smoking during pregnancy by maternal abstention
from smoking and postnatally by parental abstention from
smoking in the first 2 yrs of life. Instruction on these measures
was given during the first visit and repeated during the second
and third visits.
The control group received usual care provided by the GP. In
the guidelines of the Dutch College of General Practitioners on
asthma in children [25], preventive measures are recommended only when children are already asthmatic (secondary
prevention). Measures to prevent asthma in high-risk infants
are currently not part of the guidelines.
Outcome variables
The primary clinical outcome variables were symptoms that
might point at a possible development of asthma (referred to as
asthma-like symptoms) at any time in the first 2 yrs of life and
during the last month of the 2nd year of life (referred to as
current symptoms). Symptoms were derived from parental
and GP reports.
For measuring the occurrence of asthma-like symptoms in the
first 2 yrs of life, questionnaires from the International Study of
Asthma and Allergies in Childhood (ISAAC) were used [26],
administered at the following ages: 6 months, 1 and 2 yrs. In
order to enable comparisons of the results, ISAAC outcomes
were brought into line with those used in other primary
prevention studies [18]. The items studied included: ‘‘nighttime cough without cold’’, ‘‘wheezing at least once’’, ‘‘wheezing with awakening’’ and ‘‘recurrent wheezing’’ (more than 4
times) at any time in the first 2 yrs of life.
Current asthma-like symptoms included ‘‘wheeze’’, ‘‘shortness
of breath’’ and ‘‘night-time coughing’’, and were derived from
parental reports on these symptoms in the 4 weeks prior to the
child’s 2nd birthday.
GP reports consisted of prospectively recorded asthma-like
symptoms (‘‘wheezing without fever’’, ‘‘shortness of breath’’
and ‘‘coughing’’) observed when the parents consulted the GP
when their child was ill during the first 2 yrs of life. In
addition, standardised diagnoses (atopic dermatitis, bronchi(oli)tis and pneumonia) were recorded, based on definitions of
the International Classification of Health Problems in Primary
Care (ICHPPC) [27]. As a gold standard for asthma at 0–4 yrs
is lacking, asthma diagnosis was based on the Dutch Guideline
‘‘Asthma in Children’’ (further referred to as GP-based
diagnosis asthma) [25].
Measurement of IgE
Atopic status was determined at 2 yrs of age by the
measurement of total and specific immunoglobulin (Ig)E
against mite (Der p1), cat (Fel d1) and dog (Can f1) allergens.
Total and specific IgE were determined in heel-prick blood,
sampled on filter paper at 2 yrs. Absorbed material was eluted
by incubation with phosphate buffered saline (PBS)-T
(PBS/Tween-20 (0.1% v/v)) for 16 h under constant rotation.
Elutants were separated from filter paper by centrifugation.
Determination of total IgE in eluted blood spots was
performed as previously described [28] using sepharoseimmobilised reagents and 125I-labelled anti-IgE raised in sheep.
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Test results were expressed in IU per mL (1 IU representing
,2.4 ng of IgE).
Specific IgE against mite, cat and dog were assessed with a
radio-allergosorbent fluorescent immunoassay (RAST).
Measurement of environmental exposures to mite, pet and
food allergens, and passive smoking
The effect of the intervention, with respect to mite and pet
allergens, was measured by comparing mite, cat and dog
allergen levels in three settled dust reservoirs (the living room
floor, parental and infant mattresses) at baseline, directly after
enrolment (3–5 months before birth) and exactly 1 yr later (7–9
months after birth), in order to avoid seasonal influences in
allergen levels [29]. At the same time, dust samples were taken
in the control group. Dust collecting was performed by
research assistants in a standardised manner, by vacuuming
(1300-W-vacuumH; Bosch, Rotterdam, The Netherlands) the
living room floor (two areas of 1 m2, for 2 min) and the
parental and crib mattresses (1 m2, for 2 min) with covers but
without sheets. The preparation of dust samples for measurement, and the measurement of Der p1, Fel d1 and Can f1 have
been described previously [30]. One IU Can f1 corresponds to
1 ng Can f1, whereas 1 mU Fel d1 corresponds to 4 ng Fel d1.
The detection limit was 2 ng?g-1 of dust for Der p1, and
1 ng?g-1 of dust for Fel d1 and Can f1. Allergen concentrations
were calculated as ng per metre squared vacuumed surface
[31].
Data on exposure to food allergens (breastfeeding and/or type
of formula feeding) were derived from weekly diary recording
and, in the case of the introduction of solid foods, a
questionnaire when the child was 6 months old.
Prenatal and postnatal passive smoking were assessed on the
basis of a parentally recorded questionnaire when the child
was 1 yr old.
Randomisation
As blinding for the intervention measures was not possible,
families were allocated to the intervention and control groups
by pre-randomisation (randomised consent design, in which
both groups were informed about their own trial arm but
not about the other [32]). To prevent contamination between
the intervention group and the control group, the prerandomisation was performed in clusters, taking into account
the post (zip) code of the domicile of the recruited family in
combination with the location of the general practice the family
attended. Once a general practice was allocated, every family
subsequently recruited in that practice was allocated automatically to the same group. In this way, 242 families, recruited
in 106 general practices with ,2.4¡3.4 (SD) patients per
practice, were allocated to the intervention group; and 234
families, recruited by 146 general practices with ,1.6¡1.8 (SD)
patients per practice, were allocated to the control group.
Analysis
Differences in baseline characteristics and exposures between
the intervention and control groups were tested using the
Chi-squared test for proportions and the unpaired t-test for
normally distributed continuous variables. The dependent
variables reported and observed at age 2 yrs included
662
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H.J.A.M. SCHÖNBERGER ET AL.

asthma-like morbidity, atopic dermatitis, and total and specific
IgE. Some data on the frequency of smoking (23 (10%) and 17
(8%), in the intervention and control groups, respectively) and
of breastfeeding (14 (6.3%) and 2 (1%), in the intervention and
control groups, respectively) were missing. Therefore, analyses
were performed: 1) considering missing data as such (adherersonly analysis); and 2) considering cases with incomplete
smoking data as passive smokers and those without
breastfeeding data as not being breastfed. Differences in
morbidity outcome between the groups were expressed as
odds ratios (OR) with 95% confidence intervals (95% CI).
Total IgE data were normally distributed after logarithmic
transformation.
In a post hoc analysis, the comparisons between the intervention and control groups were repeated separately for males
and females.
As bed-sharing of infants and parents is very common [33],
and as children are also exposed to allergens in the living
room, the mean of the specific allergen concentrations
measured in the parental and crib mattress dust and in the
living room dust was calculated for each case, to obtain an
overall measure of infant allergen exposure.
As the concentrations of mite, cat and dog allergens in samples
of house dust and mattresses were not normally distributed
even after logarithmic transformation, their median levels were
used for the estimation of the effect of allergen-reducing
measures. In addition, to assess the independent effects of the
exposure to mite, pets and food allergens, and of passive
smoking on the outcome measures, multiple logistic regression
analysis was performed. Differences between the groups were
tested using the Mann-Whitney U-test and within the groups
using the Wilcoxon signed-rank test. A two-sided p-value
,0.05 was considered to be significant.
RESULTS
Study population
From 1997–2000, 476 families were recruited, of whom 93%
(n5443) completed the 2-yr study period. Figure 1 shows the
trial profile. After 2-yrs’ follow-up, 9% (n520) in the intervention group and 6% (n513) in the control group dropped out,
resulting in the participation of 222 families in the intervention
group and 221 in the control group. No differences in baseline
socio-demographic characteristics were found between the
intervention and control groups, either as a whole or within
the subgroups of males and females, with the exception of
lower mite allergen levels in the control group (table 1).
Significantly more intervention families than control families
enrolled in the autumn/winter: 182 (82%) versus 152 (69%),
p50.001. Baseline mite allergen levels were found to be lower
in the control group than in the intervention group, and this
was also the case when analysed within the male and female
groups (table 1).
After 2-yrs’ follow-up, some data on applied intervention
measures were missing. However, they were equally divided
between the intervention and control groups. There were
no indications for a selective item nonresponse (data not
shown).
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Pregnant females who met inclusion criteria and gave informed content
n=476
Cluster randomisation on postcode and general practice
Allocated to the intervention group
n=242 patients recruited in 106 general practices

Allocated to the control group
n=234 patients recruited in 140 general practices

Families dropped out n=20
(abortion n=11; still birth n=2; moved n=4; withdrawal n=3)

Families dropped out n=13
(abortion n=6; long-lasting hospitalisation n=2; still birth n=1;
moved n=3; withdrawal n=1)

Children completed the study n=222

FIGURE 1.

Children completed the study n=221

Trial profile of the Prevention of Asthma in Children (PREVASC) study after recruitment.

The effect of the intervention programme on exposure
The effect of the intervention programme on exposure to food
allergens and passive smoking is shown in figure 2, and to
mite and pet allergens in figure 3.
Infants in the intervention group, when compared to the
control group, were considerably more exclusively breastfed
and/or received more hypoallergenic bottle feeds. The

TABLE 1

intervention group received their first solid food less
frequently before they were 6 months old when compared
with the control group. Prenatal and postnatal exposure to
smoking were equal for the intervention and the control
groups.
One year after baseline measurements, mite, cat and dog
allergen concentrations were significantly lower in the

Demographic and other baseline characteristics of the control and intervention groups stratified for sex
Total
Intervention

Subjects n
Age yrs mother
Low education# mother

Males
Control

Intervention

Females
Control

Intervention

Control

222

221

118

111

104

110

30.9¡3.8

31.0¡3.6

31.1¡4.1

30.7¡3.7

30.7¡3.5

31.3¡3.4

20 (9.0)

17 (14.4)

12 (10.8)

15 (14.6)

8 (7.3)
44 (40.4)

2 (14.5)

Family history of asthma
Father

84 (38.0)

80 (36.5)

48 (41.0)

36 (32.7)

36 (34.6)

Mother

118 (53.4)

111 (50.7)

60 (51.3)

59 (53.6)

58 (55.8)

52 (47.7)

Siblings

83 (60.1)

95 (68.3)

43 (59.7)

46 (65.7)

40 (60.6)

49 (71.0)

Birth weight

3387 (528)

3475 (583)

3438 (569)

3492 (624)

3329 (474)

3465 (538)

Pregnancy duration weeks

39.7 (1.7)

39.7 (1.6)

39.6 (1.8)

39.7 (1.8)

39.7 (1.4)

39.7 (1.6)

Delivery at home

71 (32.0)

81 (36.7)

34 (28.8)

46 (41.8)

37 (35.6)

35 (31.8)

Uncomplicated delivery

172 (77.8)

168 (76.0)

85 (72.6)

81 (73.6)

87 (83.7)

86 (78.2)

Age house f20 yrs

101 (47.4)

120 (54.8)

52 (45.6)

59 (53.6)

49 (49.5)

61 (56.0)

87 (39.2)

85 (38.3)

46 (39.0)

43 (38.7)

41 (39.4)

41 (37.3)

78 (38.2)

70 (36.6)

41 (36.9)

34 (36.2)

37 (39.8)

36 (37.1)

108 (49.5)

112 (50.5)

54 (45.8)

55 (49.5)

53 (51.0)

59 (53.6)

First-born
Day-care attendance
Born in spring/summer
Exposure at baseline
Der p1 ng?m-2 (IQR)"

148 (1421)+

Fel d1 ng?m-2 (IQR)"

94 (244)

73 (288)

96 (285)

83 (362)

96 (288)

69 (278)

Can f1 ng?m-2 (IQR)"

34 (274)

39 (258)

26 (356)

40 (533)

42 (255)

42 (184)

Smoking mother

28 (14.1)

32 (15.7)

16 (15.1)

22 (22.0)

12 (12.9)

10 (9.6)

Smoking father

46 (24.1)

46 (23.5)

24 (24.0)

28 (29.2)

22 (24.2)

18 (18.0)

Presence of cat or dog

62 (31.5)

71 (34.9)

35 (32.7)

39 (39)

27 (29.3)

32 (31.7)

79 (474)***

136 (1670)+

88 (484)**

193 (1617)+

65 (380)**

Data are presented as n (%) or mean¡SD, unless otherwise stated. #: only primary school; ": calculated as the mean level of the median amount of the specific allergen
levels in dust from parental and infant mattresses and living room floor. **: p,0.01; ***: p,0.001; +: statistically significant, intervention versus control group.
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Clinical effectiveness
Parentally reported and GP-based symptoms and diagnoses
Table 2 shows the frequencies of the asthma-like symptoms in
the intervention and control groups, and their risk estimates
with 95% CI. No differences were found between the groups
for parentally reported and GP-observed asthma-like symptoms during the first 2 yrs. The same held for the GP-based
diagnosis of asthma. Parentally reported current asthma-like
symptoms occurred significantly less in the intervention group
compared with the control group (table 2).

a) 100
90

***

80

***

70
%

60
50
40
30
20
10
0

Ever
breastfed

When analysed for females and males separately, both asthmalike symptoms in the first 2 yrs of life, as well as current
symptoms, occurred significantly less among females in the
intervention group than in the female control group, whereas
there was no difference amongst males. This was the case for
parentally reported symptoms during the first 2 yrs of life
or current symptoms (fig. 4), as well as for GP-observed
symptoms (fig. 5). In the female intervention group, GP
diagnosis of asthma tended to be less frequently present
(p50.08) compared with the female control group, whereas
among males this was not the case.

Exclusively
breastfed

Exclusively
Receiving
breastfed
first weaning
and/or hyposolids
allergenic bottle fed

b) 100
90
80
70
%

60
50
40

Serum IgE levels
The mean serum concentration of total IgE was similar for the
intervention and control groups (table 3). In addition, mite-,
cat- and dog-specific IgE were similar in both groups. Separate
subanalysis of the outcomes for males and females revealed
that females in the intervention group tended to be less
sensitised against mites, whereas the opposite was observed in
the male group, although the differences did not reach
statistical significance (p50.09; table 3).

30
20
10
0

Maternal
prenatal smoking

FIGURE 2.

Maternal
postnatal smoking

Smoking
partner

Effectiveness of the Prevention of Asthma in Children (PREVASC)

intervention programme on a) feeding practice in the first 6 months of life and b)

When the analyses on the association between asthma-like and
atopic morbidity were repeated, assuming that the children
with missing data on smoking and breastfeeding behaviour
were exposed to passive smoke and were not breastfed,
respectively, the results did not change essentially (data not
shown).

tobacco smoking. &: intervention group (n5222); &: control group (n5221). Ever:
at least 1 week. ***: p,0.001, using Pearson’s Chi-squared test.

intervention group than in the control group (fig. 3). The same
results were found within the male and female groups (data
not shown).
180

b)

c)

n

a)

140
120
100
80

***

n

n

n

n

***
n

60
40

***

n

n

0

FIGURE 3.

n

20

n

n

Concentration ng·m-2

160

t0

Mite allergen

t1

t0

Cat allergen

t1

t0

Dog allergen

t1

Effectiveness of the Prevention of Asthma in Children (PREVASC) programme on exposure to mite and pet allergens. Median overall concentrations of a)

mite, b) cat and c) dog allergens in dust samples of living room, parental and infant mattresses at baseline (t0) and 1 yr later (t1) for the intervention group (&) and the control
group (&). ***: p50.001, intervention versus control group after the intervention (t1), using Mann-Whitney U-test.
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TABLE 2
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Occurrence of asthma-like symptoms and allergic morbidity at 0–2 yrs and at 2 yrs in the intervention and control groups
Intervention

Control

OR (95% CI)

Wheezing at least once

64 (127/200)

57 (113/200)

1.4 (0.83–2.4)

Wheezing with awakening at least once

14 (26 /188)

17 (30/182)

0.88 (0.45–1.7)

Recurrent wheezing o4 times

26 (49/189)

26 (47/184)

1.1 (0.61–2.0)

Night-time cough without a cold at least once

48 (95/197)

53 (101/190)

0.78 (0.46–1.3)

8 (15/187)

15 (25/171)

0.73 (0.56–0.96)"

Shortness of breath

16 (30/187)

25 (43/171)

0.76 (0.61–0.96)"

Night-time cough

44 (57/184)

56 (72/168)

0.72 (0.55–0.95)"

Wheezing without fever at least once

34 (72/212)

40 (80/200)

0.87 (0.72–1.1)

Shortness of breath at least once

27 (57/212)

31 (62/200)

0.90 (0.73–1.1)

Coughing at least once

68 (144/212)

70 (139/200)

0.96 (0.77–1.2)

Diagnosis asthma

26 (54/212)

31 (61/200)

0.88 (0.72–1.1)

Diagnosis atopic eczema

27 (58/212)

23 (46/200)

1.1 (0.88–1.4)

Parentally reported symptoms at 0–2 yrs

Parentally reported current# symptoms at 2 yrs
Wheezing

GP-recorded morbidity at 0–2 yrs

Data are presented as % (n/N), unless otherwise stated. GP: general practitioner; OR: odds ratio; CI: confidence interval. #: at least one diary-reported episode in the last
4 weeks before the 2nd birthday; ": significant effects.

Relationship between exposure and asthma-like morbidity
Table 4 shows the ORs for asthma-like symptoms for the group
as a whole (the intervention and control group together) in
relation to exposure to mite, cat, dog and food allergens, and
passive smoking, adjusted for each other in a multiple logistic
regression analysis. Being breastfed (o1 week) from birth
decreased the risk of current asthma-like symptoms at 2 yrs.
Abstinence from maternal smoking reduced the risk of
recurrent wheeze and of current wheeze at 2 yrs. Low mite
levels significantly decreased the risk of current wheezing and
shortness of breath.
DISCUSSION
The PREVASC study is the first study in a primary care
environment to investigate the clinical effectiveness of a

a)

100

b)

multifaceted approach aimed to prevent the development of
asthma in high-risk children.
The results of this study indicate that the intervention was able
to reduce exposure to mite, pet and food allergens, but not to
passive smoking. Despite this reduction, there was no effect on
either parentally reported or GP-observed symptoms during
first 2 yrs of life, nor on total and specific IgE at 2 yrs.
However, asthma-like symptoms at the end of the 2nd yr were
less frequently reported in the intervention group. Moreover,
the decrease appeared to be more pronounced in and mainly
confined to the females in the intervention group.
The intervention might have caused the differences in
symptoms at the end of the 2nd yr, but other explanations

c)

d)

e)

90
80
70
%

60

#

50
40

¶

30

#

#

20

¶

10
0

FIGURE 4.

Male

Female

Male

Female

Male

Female

Male

Female

Male

Female

Occurrence of parentally reported asthma-like symptoms in ISAAC questionnaire and weekly diary for male and female children in the intervention (&) and

control (&) groups: a) recurrent (o1 episode within 4 weeks prior to 2nd birthday) wheeze 0–2 yr; b) o1 wheeze with awakening 0–2 yrs; c) current wheeze; d) current
shortness of breath; and e) current nightly coughing. #: p50.04; ": p50.03.
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FIGURE 5.

Male

Female

Male

Male

Female

Female

Male

Female

Occurrence of asthma-like symptoms in the first 2 yrs of life as diagnosed by the general practitioners for male and female children in the intervention (&) and

control (&) groups: a) wheezing without fever; b) shortness of breath; c) coughing; and d) diagnosis of asthma. **: p50.01; #: p50.02; ": p50.08.

for the reported decrease in current asthmatic symptoms also
have to be considered. A major limitation is the fact that most
of the environmental exposure-reducing measures, including
breastfeeding, weaning practices, procuring pets and smoking,
cannot be blindly executed. All birth cohort intervention
studies experience this problem [17, 20]. Therefore, reporting
bias cannot be excluded as an explanation for the decrease in
asthma-like symptoms in the intervention group at age 2 yrs.
Parents in the intervention group are aware of the applied
intervention and might expect their children to have a reduced
asthma-like morbidity, whereas in the control group no such
‘‘placebo’’ effect is to be expected. GPs in the intervention
group were also not blinded for the intervention, and this
could have influenced their interpretation of the observed
symptoms and their diagnostic labelling. However, it was
found that both the parents and GPs allocated to the
intervention group reported and classified asthma-like symptoms less frequently in the female children than in the male
children, and it is unlikely that a reporting bias is influenced by
sex.
Several randomised intervention studies have reported results
on various clinical symptoms at age 1 [17, 20, 34], 2 [18, 35], 3
[36], 4 [37] and 8 yrs [19]. When the results of intervention

TABLE 3

studies are compared, it has to be kept in mind that
comparison is hampered, as the studies differ in defining
high-risk cases, the applied intervention(s) and the definition
of outcomes. In the Manchester Allergy and Asthma Study
(nacMAAS) study [36, 38], stringent anti-mite measures were
provided in the homes of expecting atopic parents, where the
mothers had to be at least sensitised for mite, cat or dog
allergens, as shown by skin testing, but who had no cats or
dogs. A significant reduction of (reported) severe wheeze with
breathlessness and with exertion at age 1 yr was found [38], as
well as a better specific airway resistance in the intervention
group at 3 yrs [36]. The Prevention and Incidence of Asthma
and Mite Allergy (PIAMA study) [18] recruited pregnant
females at high risk on the basis of a reported personal history
of asthma, hay fever or reported allergy for house dust, mite or
pet allergens. Anti-mite covers for crib and parental mattresses
and pillows were provided. At 2 yrs, only a slight but
significant reduction in reported night-time cough without a
cold was reported, whereas the other (ISAAC) outcomes were
not significantly different. The small improvement in the
PIAMA study was attributed by the authors to pre-existent low
mite levels. However, in the PREVASC study, low mite levels
at baseline were also found. In contrast to the PIAMA study,
the data presented here show a more pronounced effect of the

Serum total and specific immunoglobulin (Ig)E for mite, cat and dog at age 2 yrs in the intervention and control groups
stratified for sex
Total

Males

Females

Intervention

Control

Intervention

Control

Intervention

Control

2.6¡1.4

2.6¡1.4

2.8¡1.4

2.8¡1.4

2.5¡1.3

2.5¡1.4

Mite

6.6 (13/197)

5.3 (11/208)

9.3 (10/107)

3.9 (4/103)

3.3 (3/90)

6.7 (7/105)

Cat

6.9 (7/192)

5.7 (12/209)

6.7 (7/105)

7.8 (8/103)

0.0 (0/87)

3.8 (4/106)

Dog

4.9 (9/185)

4.8 (10/208)

6.9 (7/102)

5.8 6/103

2.4 (2/83)

3.8 (4/105)

Total IgE IU?mL-1
Presence of specific# IgE against

Data are presented as % (n/N) or geometric mean¡SD. #: positive RAST o0.35 IU?mL-1. No significant differences were found between the intervention and control
groups for total IgE (t-test) or for specific IgE (Chi-squared test).

666

VOLUME 25 NUMBER 4

EUROPEAN RESPIRATORY JOURNAL
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TABLE 4
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Associations of exposure to mite, cat, dog and food allergens, and passive smoking with parentally reported symptoms
without group allocation
Current# wheezing

Current# shortness

Recurrent wheezing

Ever wheezing with

0–2 yrs

awakening 0–2 yrs

0.32 (0.19–0.56)+

0.35 (0.19–0.66)+

0.42 (0.18–0.97)+

0.61 (0.34–1.1)

1.3 (0.72–2.3)

0.72 (0.38–1.4)

0.66 (0.27–1.6)

0.95 (0.53–1.7)

1.1 (0.59–2.0)

1.3 (0.63–2.7)

1.4 (0.61–3.2)

0.77 (0.41–1.46)

No maternal smoking

0.49 (0.25–1.0)+

0.68 (0.29–1.6)

0.38 (0.14–1.0)+

1.1 (0.52–2.5)

No paternal/partner smoking

0.91 (0.46–1.8)

0.65 (0.30–1.4)

0.67 (0.28–1.6)

0.65 (0.32–1.3)

Mite allergens below median

0.78 (0.44–1.4)

0.63 (0.32–1.2)

0.30 (0.12–0.71)+

0.54 (0.29–1.0)+

Cat allergen below median

0.87 (0.48–1.6)

0.66 (0.33–1.3)

1.2 (0.54–2.6)

0.75 (0.40–1.4)

Dog allergen below median

1.4 (0.79–2.4)

1.6 (0.81–3.0)

1.2 (0.54–2.7)

0.78 (0.42–1.4)

Breastfeeding"
Hypo-allergenic formula feeding

"

Introduction of first solid foods ,6 months

of breath

Data are the results of the multiple logistic regression analysis and are presented as odds ratio (OR) (95% confidence interval). ORs are adjusted for the other listed
exposures. #: at least one episode in the 4 weeks before the 2nd birthday; ": ever breastfed or hypo-allergenic bottle fed; +: significant effect.

intervention at 2 yrs, not only on night-time cough but also on
other asthma-like symptoms, which might be explained by the
multifaceted approach used in the PREVASC study. The Isle of
Wight study [19] defined high-risk cases when allergy in at
least two first-degree relatives or in one first-degree relative
with an elevated cord blood IgE was present. A dual
preventive approach was used, i.e. encasement of the crib
mattress (not the parental mattress) and maternal avoidance of
food allergens during lactation. At age 8 yrs, the intervention
group was found to be at a significantly reduced risk for
wheeze in the past year, nocturnal cough and mite sensitisation; however, the numbers were small because of the
relatively high drop-out rate [19]. A Canadian intervention
study [39, 40] had a university hospital-based setting, used
comparable inclusion criteria and also carried out a multifaceted intervention like the PREVASC study. In their study,
the clinical outcome (probable or possible asthma diagnosed
by paediatric allergists) at age 2 yrs was significantly (significance one-sided tested) less present in the intervention
group (16%) than in the control group (23%) [40]. A
comparable difference was found in GP-diagnosed asthma in
the PREVASC study, although this difference, tested twosided, did not reach statistical significance.
The Childhood Asthma Prevention (CAPS) study [41] focused
on mite allergen avoidance and/or supplementation with
omega-3 fatty acids. The mite intervention was associated with
lower use of oral steroids but not with wheeze, serum IgE,
atopy or doctor-diagnosed asthma. However, the diet intervention resulted in a lower parentally reported prevalence of
wheeze during the first 18 months.
In this study, no significant effect of the intervention was
found on the incidence of specific IgE against mite, cat and dog
allergen at age 2 yrs. In addition, the Canadian study [40], the
PIAMA [18], the CAPS study [41] and the Study of Prevention
of Allergy in Children in Europe (SPACE) [35] all found no
effect of the intervention on mite sensitisation at age 2 yrs,
while the nacMAAS study reported that the stringent mite
avoidance regime was associated with an increased risk [36].
One explanation for this might be that the intervention was
EUROPEAN RESPIRATORY JOURNAL

started too late, as sensitisation might already have occurred in
utero [42, 43].
In the present study, it was shown that it is possible to reduce
exposure to mite, pet and food allergens, but not to passive
smoking. The main reduction in mite levels was attained in
mattress dust by the use of anti-mite encasings. In general, low
pre-intervention levels of mite and pet allergens were found at
baseline, probably as a result of (already) successful efforts of
asthmatic families to achieve a low-allergen environment, as
reported previously [44]. In spite of the pre-existent low mite
level, infants with mite allergen levels below the median had a
reduced risk of current asthma-like symptoms when compared
to infants exposed to levels above the median.
Multiple logistic regression analyses of the relationship
between exposure and asthma-like (wheezing) symptoms
revealed that exposure to mite and food allergens, and passive
smoking contributed, independently of each other, to asthmalike symptoms, confirming that asthma is a multifactorial
disease. A reduction of a single exposure seems to be less
effective, as is supported by recent reports. A large observational birth cohort study [45] in Sweden analysed the effect of
living in agreement with three prevailing preventive measures:
avoidance of maternal smoking, breastfeeding the infant and
reduction of home dampness. Children of families who had
applied all three measures had less wheeze and asthma than
children of families who executed only two measures. The
studies might explain why avoidance of a single exposure has
only marginal or no effects when other exposures are still
existing, as might have been the case in other prevention
studies [18, 35]. In tertiary prevention of asthma intervention
studies [46], focusing on a reduction of multiple environmental
exposures has shown promising results, whereas the results of
clinical trials targeting only one allergen were disappointing
[47, 48]. These studies and the current findings are a plea in
favour of pursuing a multifaceted approach with respect to the
prevention of asthma.
In contrast to most other intervention studies, the PREVASC
study was designed to work in primary care, by approximating
VOLUME 25 NUMBER 4
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regular primary care circumstances as well as possible. This is
important if and when the intervention, once proven to be
effective to prevent asthma, becomes part of regular primary
care. As has been shown in the PREVASC study, GPs and
midwives were able to identify high-risk cases during routine
consultation in early pregnancy. The intervention can be
initiated in primary care, as was done in the research setting
and executed with the help of practice nurses and/or wellbaby clinics.
In a post hoc analysis, it was observed that the clinical effect of
the intervention was mainly confined to females in the
intervention group. To the current authors’ knowledge, this
is the first intervention study reporting that sex might modify
the effect of reduction of environmental exposure on symptoms. The difference between the male and female groups was
striking, and very consistent for almost all outcomes derived
from three sources, which makes chance as an explanation less
likely. For specific IgE, a nonsignificant trend for a sex-specific
intervention effect was also observed. However, post hoc
analyses do not allow conclusions to be drawn, but only
present the possibility of the modification by sex as a
suggestive hypothesis. So far, the results permit a speculative
explanation of a possible effect modification by sex, although
there is support in the literature for this interesting observation. Airway physiology and pathology during the whole life
span, starting in the intrauterine period, is subjected to the
influence of sex and might be under hormonal control, as
reviewed by BECKLAKE and KAUFFMANN [21]. Airways of male
infants are smaller than those of female infants, resulting in a
lower lung function of young males [49]. Studies report that
symptoms induced by environmental exposure are influenced
by sex. When exposed to passive tobacco smoking in utero,
lung function of young males with asthma is lower than of
young females with asthma [50]. Pet-owning females are more
susceptible to asthma when they also smoke [22]. Lung
function in females, if sensitised by cat and pollen allergens,
is more affected than in males [51]. The production of IgE is
also influenced by sex, as the concentration of total serum IgE
was higher in the males than the females. On the basis of these
observations, one might hypothesise that, given the different
reactions of the male and female immune systems to environmental exposure, males and females might also react differently to a reduction in relevant exposures. Sex-specific effects
of the intervention should be evaluated in further (prospective)
research, and it would be interesting if all ongoing cohort
studies included information specifying whether a sex difference can be detected.
In conclusion, no effect of a multifaceted intervention
programme was found on asthma-like symptoms in high-risk
children during their first 2 yrs of life and atopic sensitisation
at age 2 yrs. However, a small effect was observed on the
symptoms at the end of their 2nd yr of life. Further follow-up is
necessary to determine whether the intervention measures can
actually prevent the development of asthma.
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