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Summary

Background: The relationship between asthma severity and atopy is complex. Many
studies have failed to show significant relationships between clinical severity or lung
function and markers of atopic sensitisation.

Aim: To determine whether increasing asthma severity is related to atopic sensitisation in
a population of children with asthma.

Methods: 400 children (7-18 years) with asthma were recruited as part of a multi-centre
study of the genetics of asthma. Detalled phenotypic data were collected on all
participants. Associations between measures of asthma severity and atopic sensitisation
were sought using multilevel models alowing variation at the individual and family
level.

Results: Children recruited to the study had a range of asthma severities, with just over a
third having mild-persistent asthma. The logarithm of total serum IgE was associated
with increased asthma severity score (p<0.001), decreased FEV; (p<0.001), increased
airways obstruction (p<0.001), risk of hospital admission (p<0.001) and inhaled steroid
use (p=0.001). Increasing skin prick test reactivity to a panel of 7 aeroallergens was
associated with increased risk of hospital admission (p<0.001), use of an inhaled steroid
(p=0.011) and airways obstruction (p<0.001). The results remained highly significant
after corrections for age, gender and birth order.

Conclusions: In children with asthma, increasing atopy is associated with increasing
asthma severity. However, the relationships between asthma severity and skin prick tests,
and asthma severity and total serum IgE values, appear subtly different.

Keywords: Asthma; atopy; skin prick tests; lung function
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Introduction

The relationship between atopy and asthma is not straightforward. Historically ‘atopy’
has been used as a poorly defined term to refer to alergic conditions such as hay fever,
asthma and eczema, which cluster in families. As knowledge about the immunological
features of atopic diseases increased, a clearer definition evolved. Since the original
description of IgE in 1966, the knowledge about its role in the pathogenesis of allergic
diseases has proliferated (1). Atopy, can be broadly defined as the tendency to generate
an IgE response to specific alergens (2) or the tendency to generate a wheal of greater
than 3mm in response to skin prick testing (3).

Evidence now implicates serum IgE in development and expression of the asthma
phenotype. Observational and epidemiological studies (4,5) prompted the devel opment of
specific monoclonal antibodies to IgE (6). The therapeutic success of anti-human IgE
antibody in adults (7, 8) and children (9) with asthma supports the importance of IgE in
disease expression.

The degree of atopy can also be defined as the number and/or the size of positive skin
prick tests (SPTs) to a standard panel of allergens (10, 11, 12, 13). In children, increasing
wheal size to house dust mite Der p 1 has been associated with increasing asthma
symptoms and increased risk of hospital admission (14, 15). However, relationships
between atopy and asthma severity are often weak or fail to achieve datistical
significance. Even in large studies results have been mixed. Siroux et al failed to
demonstrate a relationship between the degree of allergic sensitisation measured by the
number of positive SPTs or the size of the wheal reactions and asthma severity (10). They
suggested further studies including a sufficiently large number of severe patients to
clarify such relationships. We therefore used the data collected as part of the GAIN
collaboration (Genetics of Asthma International Network) to address this question in a
larger number of children than had been available in previous studies.
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M ethods

Study subjects. 232 families with at least one asthmatic child (aged 7-18 years) were
recruited via an asthmatic proband from the two centres (North Staffordshire and
Sheffield) between January 1999 and December 2001. Inclusion criteria for probands
included documented episodes of wheezing in the previous 12 calendar months,
physician diagnosis of asthma and agreement to participate by the natural mother and
father. All first-degree relatives of probands were invited to participate in this study, but
only those with a previous physician diagnosis of asthma and less than 19 years of age
were included in the present analysis. Identical twins were not eligible to participate,
siblings without a physician diagnosis of asthma were not eligible and subjects with
cardiac, other respiratory or inflammatory diseases were excluded. The study was
approved by the local research ethics committee at each centre and written informed
consent was obtained from all participants.

Participants completed a standardised observer-administered ISAAC questionnaire (16)
and underwent baseline spirometry (Morgan Rolling-seal 232) (17). Lung function results
in children and adults were expressed as percentage predicted using previousy
established reference ranges for UK Caucasian children (18) and adults (19). Spirometry
in both centres was undertaken in a dedicated lung function laboratory in accordance with
American Thoracic Society standards (20). Skin prick testing (SPT) and measurement of
total serum IgE were performed on all subjects. For measurement of total serum IgE,
serum was separated and stored at -80°C within 4 hours of venepuncture. Total serum
IgE was measured using a standard Immulite assay (EuroDPC UK Ltd, Gwynedd,
Wales). The between-run coefficient of variation of the IgE assay was 5.1-6.7%. As IgE
values in excess of 2000 1U/ml were reported as >2000 1U/ml these were assigned a
value of 2001 1U/ml. Skin prick testing was performed against a panel of 7 standardised
aeroallergens and a standard histamine positive control supplied from a single source
(ALK (UK), Berkshire). The pand of allergens and test protocols were identical at both
centres and included: D pteronyssinus, D farinae; Grass mix; Cat hair; Dog hair;
Cockroach and Alterneria. Prior to testing, antihistamines were withheld for 72 hours and
no participants were taking oral steroids in excess of 10mg prednisolone/day.

Atopy was defined as a positive response to SPT (at least one wheal >= 3mm greater than
saline response to a panel of 7 aeroallergens) or a total serum IgE >=1001U/ml. Asthma
severity was determined based on treatment, lung function and symptoms (Figure 1) and
(21). Participants from Stoke-on-Trent (145 families) completed a supplementary
guestionnaire which included data on hospital admissionsin the previous 12 months.

Statistical Analysis

Relationships between allergy and asthma severity were analysed using successively
different markers of alergy: a biological marker (total serum IgE), then the presence of
positive SPT to aeroallergens and finally the degree of sensitisation measured by the
wheal sizes of skin prick tests. Total IgE values were logyo transformed and results were
expressed as arithmetic and geometric means (GM).
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Analysis of the data had to take into account the correlation of measurements of atopy
and asthma between individuals within each family. This precluded the use of standard
regression techniques but was countered using multilevel models generated with the
software MLWiN (Institute of Education version 1.10.0007) (22). The rationale for this
type of approach has been discussed and validated previously (23) but briefly allows data
to be nested within two levels, namely at the family and individual level. Multilevel
models provided an estimate of the datistical significance between percelved
associations. Data were presented as uncorrected and corrected values following
inclusion of potential confounders including age gender and birth order within each
model (Table 3).

Results

Demographics

The characteristics of the children are summarised in Table 1. The mean age was 12.1
years (range 7.0 to 18.9 years) with more boys than girls. The range of asthma severity
was wide with over one third having mild persistent asthma and with almost equal
numbers of children in each of the other four severity categories.

Relationship between total serum IgE, skin prick testsand asthma severity

Total SPT wheal size and log-transformed serum IgE values were significantly associated
with several phenotypic traits reflecting asthma severity. These relationships are shown in
Table 2. The logarithm of serum IgE was associated with al our measures of asthma
severity. Increasing asthma severity score was associated with incremental changes in the
total serum IgE.

Mean basal forced expiratory volume in 1 second (FEV;) values below 80% predicted
were seen in 10% of the children. They had higher total serum IgE values than those with
FEV: values within the normal range (mean 812 IU/ml versus 449 1U/ml). Small
differences were seen in total serum IgE levels between children who were prescribed
inhaled corticosteroid treatment compared with those who were not (mean 540 U/ml
versus 404 [U/ml).

Data for amost half of the children (194/400) were available on hospital admissions
within the previous 12 months. Sixty-seven had been admitted with an asthma
exacerbation. Their total serum IgE levels were higher (mean 726 1U/ml) than those not
admitted (mean 392 IU/m).

The significance of these associations were ascertained using multilevel models allowing
for variation at the family and individual level. There were significant associations
between log-transformed IgE values and clinical severity score (p<0.001), lung function
abnormalities (p<0.001), hospitalisation in the previous year (p<0.001) and current
prescription of an inhaled corticosteroid (p=0.001). These associations remained highly
significant following correction for age, gender and birth order (summarised in Table 3).

In contrast, summative SPT wheal size in millimetres was not significantly associated
with the clinical severity score (p=0.109) or <80% mean basal lung function (p=0.767).
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The relationship between total SPT score and asthma severity is seen in Table 2.
Individuals with mild persistent asthma had the highest summative wheal score (9.9 mm).
Those with intermittent asthma, moderate asthma and severe asthma had very similar
scores (8.7mm, 8.5mm and 8.5mm respectively) whilst those with no current asthma
symptoms had the lowest SPT total scores (6.4mm). However, total wheal size was a
highly significant predictor of hospitalisation in the previous year (p<0.001) and of
prescription of an inhaled corticosteroid (p=0.011) (Table 3). The summative SPT score
was almost twice as large in individuals admitted to hospital in the previous 12 months
compared to those who were not (12.1mm versus 6.5mm).

Relationships between lung function indices and total serum IgE and skin prick
tests

As continuous variables, mean basal FEV; and FEV1/FVC ratios but not FVC values
were associated with logarithm serum IgE values. SPT whea size was significantly
associated with evidence of basal airway obstruction (FEV1/FVC ratio) (Table 3).

Discussion

We have shown that the type and intensity of atopic sensitisation is positively associated
with clinical and spirometric measures of asthma severity in children with asthma. This
study is larger than previous reports which may have failed to demonstrate associations
because of limited statistical power (10). Differences in the statistical methodology are
unlikely to account for the differences in results as a subsequent analysis of our data
using the generalised estimating equation (24) produce amost identical levels of
significance for each of the reported associations.

Few published studies have examined the relationships of atopic markers with asthma
severity in children. Of these, some showed greater asthma severity with sensitisation to
aeroallergens (14, 25) but others did not (26, 27). In children, there are conflicting results
regarding the relationships of asthma severity with serum total IgE (10, 25, 28). Even
when relationships have been established, the statistical significance achieved has often
been marginal (p>0.01).

This analysis was performed in a large population of well-characterised children with
asthma. It included children recruited from hospital and community sources, athough
due to the stringent nature of the initial recruitment criteria to the genetic study these
children represent a highly atopic and asthmatic population. This sample may therefore
not be entirely representative of typical cases of childhood asthma. However, the wide-
spectrum of disease severity seen in the group as awhole and the relatively normal values
achieved for lung function variables are somewhat reassuring that our results are
applicable at a broader level.

The relationship between total serum IgE and risk of asthma is well established in

children and adults (4,5,29). Therisk of hospital admission has been linked to total serum
IgE in several paediatric studies (10,14,25). Although data on hospital admissions were
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available for slightly less than half of the subjects in our study we were still ableto see a
clear association between hospital admission and total serum IgE.

As previous studies have failed to demonstrate associations between asthma symptoms
and markers of atopic sendtisation, investigators have concluded that atopy may have a
lesser role in determining asthma control than in determining severity (10). This
hypothesis is not supported by our data as both the need for hospitalisation and asthma
severity scores were significantly associated with total serum IgE. National and
International guidelines on asthma clearly define the goals of asthma therapy and identify
need for hospital admission and/or persistent symptoms and lung function abnormalities
as evidence of poor asthma control (30,31).

SPT wheal size is another measure of allergic sensitisation and SPTs have been used
widely in epidemiological and clinical studies. However, arguments persist about what
constitutes an abnormal response. The formation of a wheal is the result of a complex
immunological host response culminating in the release of histamine locally within the
skin. It is dependent on many factors including season, age and treatment of individuals
with antihistamine medications (32,33). Whilst it was possible to control for factors such
as antihistamine and oral steroid use, data on season of testing was not collected in this
study. Despite these potential limitations the use of a summative wheal size as a measure
of alergic sensitisation appears to be a useful predictor of morbidity in children with
asthma. The discordant nature of the results between total serum IgE and summative
wheal size suggest a degree of independence between these two measures. Total serum
IgE seems to correlate well with asthma severity the results of SPTs do not. One
explanation for this apparent discordant response may lie in the inclusion of treatment in
our asthma severity score (Figure 1). There are data to suggest that treatment with
leukotriene receptor antagonists may reduce SPT wheal sizes in atopic children (34). This
could obscure the perceived relationship between severity and SPTs. SPTs may also be
less informative than total serum IgE across a population because they represent the
reactions to a chosen panel of only a few allergens. In our study we chose 7
aeroalergens, two of which are low prevalence allergens in the UK (Alternaria and
Cockroach) and only rarely produced a reaction (Table 1). However, from our results we
can see that SPTs to even a limited panel are informative and correlate positively with
hospitalisation, steroid use and airways obstruction.

Whilst our results are highly statistically significant, this must be distinguished from
clinical significance. The very small p values generated in this study reflect in part its
power and the power of the statistical techniques undertaken. The majority of our results
remain highly significant even after correction for multiple hypothesis testing.
Nonetheless, the coefficients generated by the generalised estimating equation can give
some estimates of the relationships between atopy and the asthma phenotype (Table 4). A
child with atotal serum IgE of 200 (log;o =2.30) will have, on average, an FEV of 4.6%
less than an asthmatic child with atotal serum IgE of 20 (logio=1.30).

This study confirms that increasing atopic sensitisation is clearly associated with
increasing disease severity in children with asthma. Both total serum IgE and SPTs
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confer valuable information about the asthma phenotype. These correlate with each other
and with other measures of asthma severity including clinical severity, hospital admission
and measures of lung function. Nonetheless, the relationship between different markers
of atopic sensitisation and the asthma phenotype is subtly different within our cohort of
asthmatic children and therefore they should probably be considered separately in clinical
and epidemiological studies.
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What isalready known on thistopic

In children with asthma:

o Atopic sensitisation and exposure to specific allergens is associated with increased risk
of current asthma

e Total IgE levels are associated with a doctor diagnosis of asthma

¢ A dose-repsonse relationship exists between the number of positive skin prick tests and
the prevalence of asthma symptoms

What this study adds
In children with asthma:

¢ Increasing total serum IgE is associated with a highly significant increase in asthma
severity score, risk of hospital admission and a reduction in lung function

e Increasing skin prick test reactivity is associated with risk of hospital admission and
airways obstruction but not asthma severity score

e Skin prick test reactivity and serum IgE values have different relationships to the
asthma phenotype
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Table 1. Descriptive characteristics of asthma and allergy in asthmatic children

Probands Sblings All
N 232 168 400
Age, mean + SD 119+ 2.6 124+ 3.1 121+ 2.8
Sex, % boys 61.9 58.9 60.7
Severity score
No asthma at present, n (%) 9(3.9) 56 (33.3) 65 (16.3)
Intermittent symptoms only, n (%) 32 (13.8) 39(23.2) 71 (17.8)
Mild persistent, n (%) 98 (42.2) 45 (26.8) 143 (35.8)
M oderate persistent, n (%) 54 (23.3) 13(7.7) 67 (16.8)
Severe persistent, n (%) 39 (16.8) 15(8.9) 54 (13.5)
Hospitalisation in previous year, n 53 (39.8) 15 (24.1) 68 (34.9)
(%)
Current Inhaled steroid use, n (%) 172 (74.1) 71 (42.3) 243 (60.8)
IgE IU/ml, AM (95% CI)** 524 (441-607) 437 (342- 488 (425-
532) 550)
IgE IU/ml, GM (95% CI)** 204 (165-251) 131 (101- 170 (144-
172) 200)
Sengitisation, % > 3mm (mean SPT
wheal in mm)’
Derpl 48.1 (2.4) 41.5(2.0) 45.2 (2.2)
Derf1l 25.1(1.5) 25.1(1.2) 25.1(1.4)
Grass 42.1(2.4) 35.4(1.9) 39.1(2.2)
Cat 35.5(2.0) 27.9(1.5) 32.1(1.8)
Dog 26.8 (1.4) 15.0 (0.8) 21.5(1.2)
Alternaria 0.5(0.1) 1.4 (0.2) 0.9(0.1)
Cockroach 1.6 (0.2) 1.4 (0.2) 1.5(0.2)
Sensitisation to any allergen, n (%) 126 (68.8) 81(55.1) 207 (62.7)
Summative wheal size (mm) (95% CI)  10.0 (8.8- 7.6(6.59.00 9.0(8.1-9.9
11.3)
Lung function'
FEV1 (% predicted) = SD 98.7+15.7 99.6+14.8 99.1+15.3
FVC (% predicted) £ SD 101.0+ 143 995+ 14.8 1004+ 145
FEV1/FVC (% predicted) = SD 98.3+£9.6 101.1+8.9 99.5+94
FEV 1 <80% predicted n, (%) 27 (11.7) 15 (9.0 42 (10.6)

*based on data from 133 probands and 62 siblings ** based on data from 229 probands and 166 siblings
"hased on data from 183 probands and 147 siblings "based on data from 230 probands and 166 siblings

Abbreviations: IgE = total serum immunoglobulin E; SPT = skin prick test; Der p 1 = Dermatophagoides pteronyssinus; Der f 1 =
Dermatophagoides farinae; Grass = 6 grass mix; Cat = cat dander; Dog = dog dander; Alternaria = Alternaria alternate; FEV; =
forced expiratory volumein 1 second; FVC = forced vital capacity; AM = arithmetic mean; GM = geometric mean
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Table 2: Relationship between asthma severity scores and measures of atopy

No asthma at present
Intermittent symptoms
Mild persistent
Moderate persistent
Severe persistent

FEV < 80% predicted
FEV, > 80% predicted

Hospitalised in last year
Not hospitalised

Prescribed inhaled steroid
No inhaled steroid

Abbreviations: IgE = total serum immunoglobulin E; AM = arithmetic mean; GM = geometric mean; FEV; = forced expiratory

volumein 1 second

Downloaded from adc.bmjjournals.com on 4 February 2006

n

65
70
142
65
53

40
354

67
127

239
146

Total serum IgE 1U/ml (95% ClI)

AM
325 (193-457)
446 (295-597)
501 (399-602)
556 (384-727)
623 (432-814)

812 (558-1066)
449 (386-512)

726 (550-902)
392 (295-489)

540 (456-623)
404 (309-499)

GM
102 (69-152)
150 (101-223)
199 (154-258)
155 (95-252)
267 (174-411)

379 (234-613)
154 (129-184)

329 (227-475)
140 (106-186)

201 (153-248)
127 (96-167)

Summative wheal size (mm)

6.4 (4.3-8.6)

8.7 (6.4-11.1)
9.9 (8.5-11.3)
85 (6.1-11.0)
8.5 (6.5-10.5)

9.4 (6.3-12.4)
8.7 (7.7-9.6)

12.1 (9.9-14.3)
6.5 (5.3-7.8)

9.6 (8.5-10.7)
7.2(5.7-8.7)
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Table 3. Significance of associations determined using multilevel models allowing
variation at the individual and family level

Log IgE Wheal size

Uncorrected | Corrected* Uncorrected | Corrected*
Severity score <0.001 <0.001 0.109 0.017
FEV, < 80% predicted 0.009 0.011 0.767 0.878
Hospitalisation in last year | <0.001 <0.001 <0.001 <0.001
Inhaled steroid use 0.001 0.002 0.011 <0.001
FEV; (as % predicted) <0.001 <0.001 0.082 0.071
FV C (as % predicted) 0.230 0.424 0.042 0.087
FEV /FvC(as % predicted) <0.001 <0.001 <0.001 <0.001

*Following correction for age, gender and birth order
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Table 4: Estimated coefficients and their 95% confidence intervals for significant
associations generated using the generalised estimating equation following correction for
age, gender and birth order

Logio IgE Wheal size
Cosfficient | 95% CI Coefficient | 95% CI
Severity score 0.230 0.067t00.393 | 0.0187 0.004 to
0.034
Hospitalisation in last year | 0.180 0.086t0 0.273 | 0.0259 0.018 to
0.034
FEV (as % predicted) -4.62 -6.70t0—2.53 | -0.180 -0.37 to
0.012
FEV 1/Fv C(as % predicted) -3.89 -5.10to-2.67 | -0.337 -045 to -
0.23
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Figure 1. Algorithm for severity scoring
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