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Abstrac t t 

AimAim  To assess the predictive accuracy of specific IgE to cat, dog and/or 

housee dust mite in young children for the subsequent development of 

asthmaa at the age of 6. 

DesignDesign  Prospective follow-up study. 

SettingSetting  72 general practices. 

MethodsMethods  654 children, aged 1-4, visiting their CPs for persistent coughing 

(>55 days), were tested for IgE antibodies by RAST. Parents completed a 

questionnairee on potential risk indicators. The IgE positive (12.7%) and a 

randomm sample of the IgE negative (<0.5 U/ml) children were followed up 

too the age of 6 when the asthma status was established. 

MainMain  outcome  measures  Asthma at the age of 6 (combination of both symp-

tomss and/or use of asthma medication, and impaired lung function). 

ResultsResults  Addition of RAST results to a prediction model based on age, 

wheeze,, and family history of pollen-allergy, increased the area under the 

ROCC curve from 0.76 to 0.87. Furthermore, RAST improved patient discrim-

inationn as indicated by a change in the range of asthma probabilities from 6 

too 75% before the IgE test, to 1 to 95% after the IgE test. 

ConclusionConclusion  Sensitization to inhalant-allergens in 1-4 year olds, as shown by 

RAST,, is a useful diagnostic indicator for the presence of asthma at the age 

off 6, even after a clinical history has been obtained. Preferably, this model 

shouldd be validated in a new population before it can be applied in prac-

tice. . 

Introductio n n 

Inn general practice, coughing is the main complaint in about 13% of all 

consultationss for 0-4 year olds [1]. For GPs it is difficult to identify the sub-

groupp of children for whom the risk to develop asthma is high enough to 
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justifyy (a more aggressive) treatment. After all, the majority of the children 

withh isolated cough will not develop asthma [2]. 

Accordingg to international consensus [3,4], asthma in children younger than 

66 years of age is predominantly a clinical diagnosis, based on the presence 

off recurrent coughing and wheezing. In those children, the equipment for 

assessingg lung function is neither easily nor routinely used [5]. In the major-

ityy of the children over two with asthma, allergies play an important role 

[6,7].. Therefore, in these young children CPs might decrease their diagnos-

ticc uncertainty by establishing whether an allergy is present, in addition to 

informationn from clinical history. If an allergy is present, this may have 

consequencess for clinical management [3,8]. 

Therefore,, we assessed the extent to which the determination of specific IgE 

too cat, dog, and house dust mite -in addition to the easier obtainable infor-

mationn from the clinical history- may help GPs to predict asthma. 

Patient ss and Method s 

SelectionSelection  of  the study  population 

Betweenn February 1995 and February 1997, 72 general practitioners in the 

northwesternn part of the Netherlands, included one to four year old children 

inn a study on the development of inhalation allergy and asthma in pre-

schooll children. Children with complaints of coughing for at least the previ-

ouss five days and their parents visiting their GP were invited to participate 

andd informed consent was obtained from the parents. 

Att baseline, data on age, gender and geographical region were collected. 

Furthermore,, the parents completed a structured questionnaire with 11 

questionss on duration of coughing, presence of atopy in the family, breast-

feeding,, infantile eczema, smoking by parents and contact with pets. A 

bloodd sample was obtained from the children and total IgE and specific IgE 

forr cat, dog and house dust mite were determined. The IgE positive children 
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weree matched to IgE negative children in each of the 16 strata defined by 

agee (4 categories of one year), gender and region (urban vs. rural). In case in 

IgEE negative control could not be traced (n= 12), was not willing to partici-

patee (n= 15) or was lost to follow-up (n= 16), a new matched control was 

selectedd among the IgE negatives from the original cohort. 

Att the age of six, the parents of the IgE positive and a selection of the IgE 

negativee children were contacted again. Their written consent was asked for 

reviewingg the child's medical record at the GP's office and a lung function 

measurementt at the clinic, to determine the child's asthma status. At that 

time,, parents completed two questionnaires on their child's asthma and 

allergicc symptoms [9,10]. 

Thee study was approved by the Medical Ethics Committee of the Academic 

Medicall Center, University of Amsterdam. 

LaboratoryLaboratory  methods 

Totall IgE and allergen-specific IgE were determined as described earlier [11]. 

Inn brief: blood, obtained by finger prick, was adsorbed on filter paper and 

eluted.. Total IgE was expressed in international units per millilitre {IU/ml), 

RASTT results were expressed in RAST units per millilitre (U/ml, one RAST 

unitt representing approximately 2.4 ng of specific IgE [12]). All test results 

weree corrected for actual amounts of plasma used in the tests, using serum 

albuminn as a reference protein. 

MedicalMedical  records'  review 

Thee GP or research assistant completed a case record form, which consisted 

off items on the child's asthma and allergy related symptoms, and medica-

tionn used during follow-up. These data were used to establish the definitive 

asthmaa diagnosis in combination with the results from the lung function 

tests. . 
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LungLung  function  measurements  and histamine  challenge 

Childrenn were required to withhold all bronchodilators 48 hours before the 

test.. In case of shortness of breath the child was allowed to use salbutamol 

upp to 8 hours before the test. The FEV, was measured until three reproduc-

iblee recordings were obtained, the two best (within 5% or 100 ml of each 

other)) were used for analysis. Measurements were performed with a 

Pulmoassistt 2 spirometer (Jaeger, Wurzburg, Germany). Values for the FE\^ 

aree those of Zapletal et a/ [13]. FEV, values were obtained on the day the 

histaminee challenge test was performed. 

Bronchiall histamine challenge tests were performed with a gauged 

DeVilbisss 646 nebulizer (DeVilbiss, Somerset, MA, USA) with an output of 

0.133 ml/min according to the modified method of Cockroft et a/. [14]. A 

0.9%% phosphate-buffered saline solution and doubling histamine concentra-

tionss from 0.03 to 16 mg/ml, were inhaled for two minutes during tidal 

breathingg with the child's nose clipped. FEV, was measured 30 and 90 

secondss after each inhalation until FEV, had fallen by at least 20% from the 

initiall value. The provocation concentration of histamine that induced a 

20%% fall in FEV, (PC20) was calculated from a log-dose response curve. 

Data-analysis Data-analysis 

IndependentIndependent variables 

Thee results of the RAST were dichotomized as IgE negative or IgE positive. 

IgEE positivity to cat, dog and/or house dust mite was defined as >0.5 kU/l. 

Thee information collected at baseline was used to derive predictor variables 

forr the presence of asthma at the age of six. The questionnaire did not in-

cludee questions on wheezing. Therefore, we reconstructed the wheezing 

statuss at baseline of each child using the medical records. 

DependentDependent variables 

Asthmaa was defined as a combination of both symptoms and/or use of 

asthmaa medication, and impaired lung function. Symptoms were defined as: 
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Figur ee 7.1 Flow chart of the study design 

inclusionn (index visit), n = 752 
1"" blood sample 

inclusionn questionnaire 

eligible,, n = 654 

nott included, n= 98 

IgE-positive,, n = 83 

lostt to foliow-uD, n = 23 

IgE-positive,, n= 60 

IgE-negative,, n= 571 

IgE-negative,, n= 96 

housee visit, n = 156 
questionnaires,, blood sample, medical record's review 

airwayy symptoms, asthma 
medicationn use, 

nn = 112 

noo symptoms, no asthma 
medication, , 

n== 44 

noo lung function, n= 34* 
lungg function, n = 78 

provocationn test, n = 72 

1 1 
airwayy symptoms and/or use 

off asthma medication in 
previouss 12 months and 

positivee lung function 

ASTHMAA STATUS MISSING 
n== 27 

ASTHMA A 
n -- 3 4 * * 

NOO ASTHMA 
n== 95 * * 

*noo lung function test, reasons: 
unablee to perform LF, n = 5 
nott motivated, no time, n = 10 
noo symptoms anymore, n = 7 
unknown,, n = 12 

** * Because of missing data for 
wheezing,, the data of 33 children 
withh asthma and 90 children 
withoutt asthma were used in the 
finall analyses. 
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currentt complaints or complaints during the previous 12 months of wheez-

ingg and/or shortness of breath and/or recurrent coughing. In addition, use of 

asthmaa medication was defined as use of p2-agonists or inhaled cortico-

steroidss currently or during the previous 12 months. Impaired lung function 

wass defined as a positive histamine test. A positive histamine test was de-

finedd as PC20<8 mg/ml. 

Alll children who had not experienced any symptoms during the previous 

yearss and had not used asthma medication were not invited for lung func-

tionn measurement and were designated as non-asthmatics. 

MultivariableMultivariable model 

Combinationss of demographic characteristics and clinical variables were 

selectedd using a forward stepwise logistic regression analysis with asthma as 

thee dependent variable. Likelihood ratio statistics were used as a criterion 

forr selection in the model. Variables with a P-value for entry <0.05 and a P-

valuee for removal <0.10 were selected in the model. The regression coeffi-

cientss from the best model were used to derive the probabilities of asthma 

forr each child. Two models were constructed: the first model was based on 

demographicc characteristics and clinical history at baseline. In the second 

modell the RAST results were added. All variables were coded as indicator 

variabless using 0-1 coding. 

Forr each child a score was calculated by multiplying the values of the re-

gressionn coefficients by zero (in case the child's test result belonged to the 

referencee category) or by one (in any other case). Furthermore, in each 

modell the probabilities of developing asthma were calculated for each child 

usingg the formula probability= 1/(1 +e-<
score+«>nsfe'1t>) / where the constant is 

thee intercept from the regression model. The scores associated with each 

covariatee pattern were plotted against the probabilities of having asthma at 

thee age of six. We accounted for the clustering of an average of 3 children 

perr GP practice using robust variance estimators [15]. The matching proce-
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duree was accounted for by a special regression analysis that weights obser-

vationss by their sampling probability in each of the 16 strata [15]. 

Finally,, we compared the differences between the areas under the curve 

(AUC)) corresponding to the model without and with the RAST-results. The 

finall versions of the two logistic regression models were fitted 10 000 times 

usingg bootstrap methodology and the 10 000 corresponding differences 

betweenn the AUCs were used to construct a more robust confidence interval 

aroundd this AUC difference. 

Data-analysiss was performed with SPSS 10.0 for Windows, except for the 

standardd errors of the predicted probabilities and the bootstrapping proce-

dure,, which were calculated using STATA 7.0. 

Result s s 

Duringg the inclusion period, 654 children were eligible, 83 of them (12.7%) 

weree IgE positive for cat, dog and/or house dust mite. 96 test-negatives were 

selectedd from the remaining 571 IgE negative children matching the IgE 

positivee children. At the age of six, 23 IgE positive children had been lost to 

follow-upp (Figure 7.1). The children lost to follow-up did not differ signifi-

cantlyy at inclusion from the children included in the final analysis. Thus 60 

IgEE positive and 96 IgE negative children were available for descriptive 

analysis.. 112 children having symptoms and/or using asthma medication 

weree invited for the lung function test. Complete results for lung function 

weree available for 72 out of these 112 children. No children showed airway 

obstructionn as assessed by FEV, (FEV, <75% FEV^pred). Challenge showed 

566 children with low PC20 (Table 7.1). 

Twenty-sevenn children did not attend the lung function test or had an insuffi-

cientt technique, so we had 27 missing values on the dependent variable. In 

thiss group of children, both children with and children without symptoms 

droppedd out. No significant differences were found in the distributions of 

otherr test results. For six children we could not reconstruct a value for 
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wheezingg from the records or questionnaires. Thus regression analyses were 

performedd on 123 children. The median number of days of coughing before 

thee index visit to the GP was 14 days {IQR= 7-25 days). Table 7.2 shows 

theirr general characteristics. Thirty-three (26.8%) children were identified as 

havingg asthma: 23 (54.8%) IgE positive and 10 (12.3%) IgE negative chil-

dren. . 

Tablee 7.1 Clinical characteristics of the children in the study (n= 123)1 

total l 
(n=(n= 123) 

Clinicall characteristics 

usee of asthma medication during previous 12 months according 
too parents 23(18.7) 

respiratoryy symptoms ever 
wheezee 70 (56.9) 
shortnesss of breath 26(21.1) 

respiratoryy symptoms in previous 12 months 40 (32.5) 
wheezee 29 (23.6) 
coughingg 50 (40.7) 

wheezingg at time of inclusion 51 (41.5) 

Lungg function characteristics 

FVCC as % of predicted2 

FEV,, as % of predicted2 

PC200 (mg/ml)*2 

PC200 (n, %)*2 

noo responsiveness 
mildd responsiveness 
moderatee responsiveness 
severee responsiveness 

dataa expressed as numbers (percentages), means ( + sd) or geometric means (95% CI) 

11 27 children did not attend spirometry or were afraid of challenge testing 
22 children with complete data on the lung function tests, n= 72 

98.88 (11.3) 

107.11 (11.7) 

3.0(3.3) ) 

155 (21.1) 
299 (40.8) 
244 (33.8) 

33 (4.2) 
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Tabl ee 7.2 Patient characteristics of the children in the study population (n= 123) 

gender r 

total l 

nn total 123(100) 

asthmaa 33 (26.8) 

boyss 68 (55.3) 
girlss 55 (44.7) 

rurall region 70 (56.9) 

urbann region 53 (43.1) 

meann age at time of 1st RAST in months (  sd) 34.3 ) 

agee at time of 1st RAST (inclusion) (years) 

11 24(19.5) 
22 46(37.4) 
33 35 (28.5) 
44 18(14.6) 

specificc IgE (1st RAST) 42(34.1) 

numberr of positive RAST-scores (1st RAST) 
0 0 
1 1 
2 2 
3 3 

specificc IgE in 1st RAST to 
cat t 
housee dust mite 
dog g 

totall IgE (95% CI) in lU/ml (1st RAST) 

positivee family history of asthma 

positivee family history of allergy for 
house-dustt mites 
pollen n 
animals s 

dataa expressed as numbers (percentages), means (  sd) or geometric means (95% CI) 

811 (65.9) 
344 (27.6) 

5(4.1) ) 
33 (2.4) 

14(11.4) ) 
29(23.6) ) 

10(8.1) ) 

29.7(0.9-933.6) ) 

355 (28.5) 

37(30.1) ) 
37(30.1) ) 
366 (29.3) 
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ProbabilityProbability  of  developing  asthma  at the age of  6 

Thee prediction model included age at inclusion, wheezing, and family 

historyy of pollen-allergy (Table 7.3). Adjustment for the matching procedure 

yieldedd similar results as the unadjusted analysis (data not shown). There-

fore,, the latter was used. 

Tablee 7.3 Results from logistic regression analyses (odds ratios (with 95% CI) and regres-
sionn coefficients) for two models with demographic variables, variables with 
respectt to clinical history and specific IgE. All variables included in the model 
weree present (= 1) or absent (= 0) at inclusion. Dependent variable is asthma 
(n== 123), children without asthma used as references. 

asthma'' p asthma2 p 

3-44 years of age at inclusion 2.0(1.0-4.0) 0.7 1.7(0.8-3.7) 0.5 

positivee family history of allergy 

forpol lenn 3.3(1.4-7.5) 1.2 2.4(0.9-6.1) 0.9 

wheezee at inclusion 7.2(2.6-20.1) 2.0 17.9(5.0-63.5) 2.9 

specificc IgE (>0.5 lU/ml) 18.7(5.4-64.3) 2.9 

11 model with demographic variables and clinical history ( n - 123), intercept of the 
model:: -2.7 

11 as 1 but model includes specific IgE, intercept of the model: -4.3 

modell 1: Score = 0.7*(3-4 years of age) + 1.2*familial allergy for pollen + 2.0*wheeze 

modell 2: Score = 0.5*(3-4 years of age) + 0.9*familial allergy for pollen + 2.9*wheeze 
++ 2.9*specific IgE 

Forr both scores the corresponding probabilities of developing asthma can be calculated 
fromm Pr = 1/(1 +&*<**+«**"*&) 

Forr example: The score of a three year old girl, presenting with coughing complaints and 
havingg a positive family history of pollen-allergy and who tests negative on all 'tests' that 
makee up the clinical history, would be 1.9, which is associated with an asthma probability 
off 29.6%J. After a negative IgE test result her score wil l be 1.4 and the probability of 
developingg asthma for this girl decreases to 4 .9%\ After a positive IgE test result her score 
wil ll be 4.3 and her probability increases to 49.2%\ This can also be seen in figures 7.2a 
andd 7.2b. 
33 minor differences occur in computer derived probabilities and scoring derived proba-

bilitiess due to rounding of the coefficients in the scoring formula 
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Thee summed scores ranged from 0 to 3.9 for the model without specific IgE 

(modell 1) and from 0 to 7.2 for the model containing specific IgE (model 2), 

w i thh corresponding predictive values ranging from 6 . 1 % to 75.2% for 

modell 1 (Figure 7.2a) and from 1.3% to 94.5% for model 2 (Figure 7.2b). 

Afterr the IgE test, the number of children in the extremes of the distribution 

increasedd at the expense of the middle range, indicating increased discrimi-

nation.. The area under the curve (AUC) for the model containing items 

obtainedd by history increases from 0.76 (95 C l = 0.68-0.85) to 0.87 (95% 

C l == 0.80-0.94) when specific IgE is added (Figure 7.3). Bootstrap methodol-

ogyy yielded confidence intervals from 0.65 to 0.84 for model 1 and 0.78 to 

0.922 for model 2; the 95% confidence interval for the AUC difference was 

fromm 0.04 to 0.22. 

Figur ee 7.2a Relation of scores (derived from 3-4 year olds, wheezing, familial allergy for 

pollen)) to probability of developing asthma. Straight line represents a three 

yearr old girl with a positive family history of pollen allergy (before IgE test) 
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Forr each covariate pattern the probability of developing asthma can be 

calculatedd before and after a RAST-result. For example, a three year old 

childd that wheezes and has a negative family history of pollen-allergy had a 

probabilityy of developing asthma of 48.1%. After a negative or a positive 

RAST,, his/her probability changed to 28.3% and 88.1%, respectively. Con-

siderr a CP who is willing to start treatment if the probability of developing 

asthmaa is greater than 50%. Since the covariate patterns without wheeze all 

yieldd probabilities less than 50%, the GP will refrain from treatment. Not 

evenn a positive RAST will change this and can therefore be omitted in these 

cases.. By contrast, for the covariate patterns with wheeze and a negative 

familyy history of pollen-allergy, the RAST may very well change the treat-

mentt decision. 

Figur ee 7.2b Relation of scores (derived from 3-4 year olds, wheezing, familial allergy for 

pollenn and specific IgE) to probability of presence of asthma. Lines represent 

girll with a positive family history of pollen allergy after a negative (1) and after 

aa positive (2) IgE test. 
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• • 

Figuree 7.3 ROC for the models with asthma as the dependent variable. The first model 

(1)) contains age and variables obtained by clinical history, and the second (2) 

containss age, clinical history and specific IgE. 
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Dataa not bootstrapped: 

1.. model with age and clinical history (wheeze and family history for pollen-allergy) 

AUC== 0.76 95% Cl= 0.68-0.85 

2.. model with age, clinical history and specific IgE 

AUC== 0.87 95% Cl= 0.80-0.94 

AUCC model 1 vs. AUC model 2: 

AUCC difference» 0.11,x2 = 5.61, P= 0.0179 

Dataa bootstrapped: 

1.. model with age and clinical history (wheeze and family history for pollen-allergy) 

A U OO 0.76 95% Cl= 0.65-0.84 

2.. model with age, clinical history and specific IgE 

AUC== 0.87 95% Cl= 0.78-0.92 

AUCC difference = 0.11, 95% Cl= 0.04-0.22 
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• • 

Discussion n 

Inn this study, we have investigated the diagnostic accuracy of IgE tests 

(RAST)) to cat, dog and house dust mite for the prediction of asthma at the 

agee of 6 in under-fives presenting with complaints of persistent coughing in 

primaryy care. After considering patient characteristics and clinical history, 

IgEE testing improved the predictive accuracy, as indicated by an increase of 

thee area under the curve by 11%. Furthermore, IgE testing improved patient 

discriminationn as indicated by a change in the range of asthma probabilities 

fromm 6 to 75% pre-test to 1 to 95% post-test. 

Ass was found in other studies [7,16], wheezing appears to be an important 

predictorr of asthma. Children who did not wheeze had a less than 50% 

probabilityy of developing asthma, even after a positive IgE test. For purposes 

off illustration, we used a 50% probability of asthma as a threshold for a GP 

too decide whether or not to start treatment. In reality, GPs' treatment thresh-

oldss may differ. Unfortunately, our study cannot answer the question where 

aa threshold should be. Ultimately, that question can only be addressed by 

formall cost-effectiveness or cost-utility analyses. The current study may 

informm such analyses, which may then clarify the proper role of testing for 

IgE.. Three other studies [17-19] examined specific IgE as a diagnostic tool 

forr asthma and found that it was important in predicting asthma. These 

resultss are in line with our study, although the children in these studies had 

wheezingg as a presenting symptom and the studies were hospital-based. 

Theree are some limitations to this study. First, this study being based in 

generall practice, the predictive function we constructed is likely to be valid 

forr children who present at GPs' surgeries, and not necessarily for children 

inn the general population. This is important as most research on asthma and 

allergyy in children is either population-based or hospital-based and results 

fromm these studies cannot be applied straightforwardly to the primary care 

situation. . 

Thee second limitation is that some children may have received some form(s) 

off (intermittent) treatment. These were not included in the model. This 
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impliess that the predictive function we describe may be valid under current 

treatmentt practices according to international guidelines. If early treatments 

doo not influence the probability of asthma at 6, the function may have wider 

applicability.. Currently, the impact of treatment is still controversial 

[5,20,21],, although there is evidence that early treatment, e.g. inhaled 

corticosteroids,, might improve lung function on the long run. In that case in 

generall practice, where most children with asthma are diagnosed, identify-

ingg those young children with a high enough probability of developing 

asthmaa is of clinical relevance [21,22]. 

Dataa on wheezing was not collected at baseline. Therefore, we recon-

structedd this variable from the retrospective review of the medical records 

andd questionnaires completed after inclusion. If some random mis-classifi-

cationn is assumed, wheezing may play an even more discriminative role 

thann reported here. There was no significant difference between reported 

wheezee in the IgE negative and IgE positive children at inclusion. Thus, 

childrenn in families with a heightened awareness of atopy were not more 

likelyy to have reported wheeze and therefore have them recorded. 

Ideallyy speaking, all children at follow-up should have had the same diag-

nosticc procedures. However, in this study, asthma was defined as the pres-

encee of asthma related symptoms or use of asthma medication in the previ-

ouss 12 months, and a positive test result (a positive histamine test) on the 

lungg function test. This means that children without asthma related symp-

tomss or medication in the previous 12 months will be diagnosed as not 

havingg asthma. Therefore, in symptom-free children a lung function test was 

nott performed because it does not have any additional value for the diagno-

siss of asthma. 

Inn diagnostic cohort studies, in contrast to etiologic studies, the emphasis is 

nott on some exposure of interest whose influence is to be quantified and 

adjustedd for confounding factors. Rather, the contrasts in patients' test results 

(wheree 'tests' include clinical history items) are used to predict the likeli-

hoodd of asthma at a later point in time. This also implies that the analysis is 
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centredd around efficiency, that is, optimal prediction using information that 

becomess available early in the diagnostic work-up and often virtually for 

freee (clinical history). Next, the diagnostic impact of added information that 

doess not come for free (lab test, imaging) is estimated conditional on the 

informationn already available. So, the issue of confounding in etiologic 

cohortss changes into an issue of redundancy of diagnostic information in 

studiess such as the current one [23]. 

Ideally,, a prediction rule should be derived, and then validated prospec-

tivelyy on a separate population. Although we used bootstrapping tech-

niques,, the results are likely to be somewhat less robust when applying 

themm to a separate population [24]. Therefore, the prediction rule should be 

validatedd in another primary care population. 

Inn conclusion, assessment of specific IgE to inhalants may be helpful in 

discriminatingg children with persistent cough (>5 days) who will and will 

nott develop asthma at the age of six. In particular, children who wheeze 

mayy be usefully categorised into low and high risk groups. A simple scoring 

formulaa using wheeze and a family history of pollen-allergy in coughing 

childrenn younger than 5 years of age may support GPs to selectively order 

ann IgE test. 
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