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Materials and Methods 
 

Population and protocol 
 

The design of the EGEA (Epidemiologic Study on the Genetics and Environment of Asthma) 

combines a case-control and family-based study (see figure E1). At baseline (EGEA1, 1991 – 1995), 

cases with asthma (135 children below 16 years of age; 253 adults) were recruited from hospital chest 

clinics in five French cities (Grenoble, Lyon, Marseille, Montpellier, and Paris). Asthma in cases was 

defined by a positive answer to four standardized questions to a self-completed questionnaire (or 

completed by parents for children): (1) (adult version) Have you ever had attacks of breathlessness at 

rest with wheezing? ; (children version): Has your child ever had an attack of wheezing that has 

caused him/her to be short of breath? (2) Have you (your child) ever had asthma attacks? (3) Was this 

diagnosis confirmed by a physician? (4) Have you (your child) had asthma attacks in the last 12 

months? First-degree relatives of cases (parents and siblings of child; spouses and children of adults) 

were invited to participate in the study. Population-based controls were recruited through surgery 

departments for children and electoral rolls for adults. The baseline child questionnaire was based on 

standardized questionnaires designed for children [1], with addition of questions on asthma-like 

symptoms taken from the ECRHS questionnaire and detailed information for those with asthma 

(triggers, frequency of attacks, age of onset, periods without attacks) [2, 3]. Written consent was 

obtained from all participants. 

Figure E1 shows the participation at follow-up (EGEA2, 2003 – 2007). Complete occupational data 

were available only for subjects who completed the detailed adult questionnaire. The precise 

description of each occupation allowed us to select the first occupation, excluding short-term part-time 

or seasonal work. Finally, only 12 of the selected subjects had a first occupation before the age of 15.  

 

 

 

   



Clinical characteristics 
 

Asthma was defined by a positive answer to at least one of two questions (“Has your child ever had an 

attack of wheezing that has caused him/her to be short of breath?, Has your child ever had asthma 

attacks?”). Allergic rhinitis was defined by a positive answer to at least one of the two questions: “Has 

your child ever had allergic rhinitis?”; “Has your child ever had hay fever?”. Age at asthma onset was 

defined by parental report for children at EGEA1 and by report of the subjects at EGEA2. 

The family design of the EGEA implied that parental asthma was recorded differently according to the 

inclusion status of the child. For the parents who were included in the study as adult case or as parent 

of a pediatric case, asthma was defined by the EGEA adult-questionnaire. The parents who were not 

included in the study answered a brief health-questionnaire. A previous study in EGEA has shown no 

bias for parental asthma due to the type of report [4]. 

Skin prick tests (SPT) to 11 aeroallergens (cat, Dermatophagoides pteronyssinus, Blattella germanica, 

olive, birch, Parietaria judaica, timothy grass, ragweed pollen, Aspergillus, Cladosporium herbarum, 

Alternaria tenuis) were performed for children over 4 years (all of the selected subjects of the current 

study fulfilled this condition). SPT were positive for a mean wheal diameter > 3 mm. FEV1 % 

predicted were computed based on Stanojevic et al. reference values [5]. Lung function tests included 

methacholine bronchial challenge test. This test was not performed for those with FEV1 <80% 

predicted or postdiluent FEV1 <90% at baseline (n=34 among the selected population). Bronchial 

hyperresponsiveness was expressed as the transformed dose-response slope (transformation used: 

100/(log slope + 10)). 

The parameters used to develop the 4-level classification for asthma severity comprised the clinical 

characteristics: frequency of asthma attacks, symptoms between attacks, occurrence of any attack in 

the last year and hospitalization ever for asthma, and the type of treatment in the last year: none, 

treatment not including inhaled corticosteroids or treatment including corticosteroids. 

The 5-level symptom score adapted to the child-questionnaire of the EGEA study was defined as the 

sum of positive answers to the 5 following questions about asthma symptoms: “Have your child had 

wheezing or whistling in his/her chest at any time in the last 12 months?”, “Does your child ever get 

   



attacks of wheezing after he/she has been exercising ?”, “Has your child ever had an attack of 

wheezing that has caused him/her to be short of breath?”, “Has your child woken up with a feeling of 

tightness in his chest at any time in the last 12 months?”, “Has your child been woken by an attack of 

shortness of breath at any time in the last 12 months?”. In the present analyses, the symptom score was 

defined in asthmatics as low (0-3) or high (4-5). 

 

Triggers for symptoms 
 

Additional analyses were performed to study symptoms triggered by various stimuli in childhood, 

based on a self-completed part (parental report for children) of the baseline questionnaire. Triggers 

were exposure to environmental tobacco smoke (ETS), air pollution, dust, hay/flowers, pets, cold air, 

and exercise. Symptoms were fits of coughing, shortness of breath and/or wheezing (classified as 

respiratory symptoms), and runny nose and/or sneeze (classified as nasal symptoms). 

 

Results 

 

Selection of the population 
 

No significant difference in demographic and clinical characteristics was observed according to the 

participation at follow-up (refusal and lost / short questionnaire only / detailed questionnaire, see 

figure E1), except regarding SPT in childhood (65.6 % of positive SPT among participants who 

answered a detailed questionnaire vs. 57.0% among other participants and non participants, p=0.05). 

The 75 participants who had never worked at follow-up differed from the 318 who had ever worked in 

age (4.4 years younger in average) only. 

Allergic sensitization and triggers for respiratory symptoms 
 

   



Among asthmatics, more than 80% had positive SPT in childhood, and there was no significant 

association between positive SPT and exposure according to the ALOHA job-exposure matrix. Non-

asthmatics with at least one positive SPT in childhood were less often exposed at their first occupation 

(p=0.02, table E1). After adjustment, these results were confirmed in non-asthmatics (0.39 [0.19 – 

0.81]) with similar OR among asthmatics (0.49 [0.18 – 1.34]). Regarding total IgE in childhood, there 

were no difference according to exposure at first hire in those with a history of asthma, whereas 

among non asthmatics exposed subjects tended to have lower IgE level in childhood (p=0.07; p 

interaction: 0.10). More than 50% of pre-hire-onset asthmatics had allergic rhinitis in childhood, vs. 

only 9.8% of non-asthmatics (n=12). Allergic rhinitis in childhood was unrelated to exposure at first 

hire, in both non-asthmatics and asthmatics (adjusted OR: 1.83 [0.43 – 7.70] and 0.86 [0.44 – 1.69] 

respectively). 

Trigger-induced nasal symptoms were declared in childhood by 33% of non asthmatics and 65% of 

asthmatics. Trigger-induced respiratory symptoms were declared by 39% of non asthmatics and 90% 

of asthmatics. Among non asthmatics, exposure at first hire was not associated with trigger-induced 

symptoms in childhood (table E1). Among asthmatics, subjects declaring respiratory symptoms 

triggered by hay, flowers or pets were significantly less often exposed than subjects declaring no 

symptoms to these stimuli, and these results were confirmed after adjustment for age, gender and 

diploma level. No such difference was observed for other stimuli or for subjects declaring nasal 

symptoms only. 

Similar results were obtained for allergic sensitization and triggers for respiratory symptoms with 

exposure estimated by the asthma-specific job-exposure matrix (results not shown). 

Specific exposures 
 

For 54 occupations (18%), the exposure classification assigned by each of the two job-exposure 

matrices differed. Out of the 54, 52 were classified as “exposed” to dust, gases, fumes, pesticides, 

solvent and/or metals (ALOHA job-exposure matrix) and not to any agent of the asthma-specific job-

exposure matrix. Analyses of specific exposures for both matrices have been performed (table E2), 

considering exposures to each agent as separate outcomes, compared to the “no exposure” reference 

   



category. For some exposure categories, the number of exposed subjects was too low to allow an 

analysis taking into account asthma severity or symptoms separately. For this analysis, a classification 

for asthma in childhood was constructed, combining asthma severity and symptoms by regrouping 

asthmatics with moderate to severe asthma or with a high (4 to 5) symptom score, who were compared 

to non asthmatics. As expected from the previous analyses, subjects with moderate to severe asthma or 

a high symptom score in childhood (n=73) were significantly less often exposed (any exposure) at 

their first occupation according to both job-exposure matrices. Associations obtained for 3 specific 

exposures of the ALOHA job-exposure matrix (biological dust; gases and fumes; solvents) were 

similar and significant (OR ranged from 0.30 to 0.37). For the specific exposures of the asthma-

specific job-exposure matrix, the lowest and only significant OR (0.23) was obtained for exposure to 

high molecular weight agents. This category regrouped subjects exposed mostly to latex, bioaerosols 

or molds, and/or rodents or livestock. 
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TABLE E1. Associations of exposure at the first occupation to lung function tests and allergy traits in childhood. 
 Non-asthmatic in childhood (n=123)  Asthmatic in childhood (n=150) 
 Non-exposed (n=62) Exposed * (n=61) p p†  Non-exposed (n=80) Exposed * (n=70) p p† 
FEV1 % predicted, m ± SD 99.6 ± 9.5 99.4 ± 11.7 0.91 0.96  98.1 ± 11.7 97.9 ± 15.6 0.92 0.93 
BHR (slope) ‡, m ± SD 7.1 ± 2.7 6.5 ± 2.2 0.24 0.34  3.9 ± 1.4 4.4 ± 2.0 0.10 0.17 
IgE, GM (95% CI), IU/ml 61 (41 – 91) 45 (29 – 69) 0.27 0.07  323 (238 – 439) 362 (263 – 498) 0.62 0.67 
Positive skin-prick test, % 50.0 29.5 0.02 0.01  91.1 85.1 0.25 0.16 
Allergic rhinitis, % 6.5 13.1 0.21 0.41  56.3 55.1 0.87 0.67 
Trigger-induced symptoms §          

ETS or air pollution or dust, %          
No symptom 56.7 61.7 Ref. Ref.  20.0 15.2 Ref. Ref. 
Nasal symptom only 10.0 3.3 - -  8.0 10.6 0.43 0.40 
Respiratory symptom 33.3 35.0 0.28 0.97  72.0 74.2 0.62 0.52 

Hay/Flowers or pets, %          
No symptom 91.7 90.0 Ref. Ref.  28.0 47.0 Ref. Ref. 
Nasal symptom only 5.0 8.3 - -  16.0 16.7 0.45 0.45 
Respiratory symptom 3.3 1.7 - -  56.0 36.3 0.01 0.01 

Cold air or exercise, %          
No symptom 71.7 76.7 Ref. Ref.  24.0 30.3 Ref. Ref. 
Nasal symptom only 16.7 13.3 0.28 0.97  9.3 4.6 - - 
Respiratory symptom 11.6 10.0 0.28 0.90  66.7 65.1 0.50 0.97 

BHR – bronchial hyperresponsiveness; GM: geometric mean; IgE – immunoglobulin E; ETS – environmental tobacco smoke. 
* Assessed by the ALOHA job-exposure matrix: exposed (probable exposure to at least one agent among: dust, gases, fumes, pesticides, solvents and/or 
metals) vs. non-exposed. 
† Adjusted for age at follow-up, gender and diploma level. 
‡ Analyses performed in103 non-asthmatics and 120 asthmatics (after exclusion of missing data for BHR) 
§ Nasal symptoms: runny nose and/or sneezes; respiratory symptoms: fits of coughing, shortness of breath and/or wheezing. Analyses performed in120 non-
asthmatics and 141 asthmatics (after exclusion of missing data for triggering factors). Analyses have been performed when expected frequencies were greater 
or equal to 5. 



 
TABLE E2. Associations between specific exposures at the first occupation and asthma characteristics 
before hire, according to the exposure assessment method 

 

n: non 
asthmatic / 

mild score * 
/ high score 

† 

Non 
asthmatic 

(ref.) 
(n=123) 

 

Mild asthma or 
low symptom 

score * 
(n=98) 

Moderate to severe 
asthma or high 

symptom score † 
(n=73) 

ALOHA job-exposure matrix     

Non exposed (ref.) 62/46/48 1 1 1 

Any exposure 61/52/25 1 0.96 (0.54 – 1.71) 0.40 (0.21 – 0.76) 

Biological dust 45/33/14 1 0.87 (0.46 – 1.65) 0.34 (0.16 – 0.73) 
Mineral dust 29/26/17 1 0.92 (0.46 – 1.84) 0.53 (0.24 – 1.19) 
Gases and fumes 53/44/22 1 0.90 (0.49 – 1.65) 0.37 (0.19 – 0.73) 
Pesticides 10/7/5 1 0.64 (0.22 – 1.89) 0.41 (0.11 – 1.50) 
Solvents 38/23/11 1 0.70 (0.35 – 1.41) 0.30 (0.13 – 0.67) 
Metals 12/11/5 1 0.83 (0.32 – 2.15) 0.30 (0.09 – 1.07) 

Asthma-specific job-exposure 
matrix 

    

Non exposed (ref.) 85/64/57 1 1 1 
Any exposure 38/34/16 1 0.95 (0.52 – 1.73) 0.47 (0.24 – 0.94) 
Low risk irritants or 
antigens 

18/16/8 1 1.01 (0.47 – 2.16) 0.47 (0.19 – 1.14) 

High risk asthmogens 20/18/8 1 0.88 (0.41 – 1.91) 0.44 (0.17 – 1.15) 
High molecular weight 13/11/3 1 0.78 (0.31 – 1.97) 0.23 (0.07 – 0.79) 
Low molecular weight 8/11/5 1 1.34 (0.49 – 3.64) 0.66 (0.17 – 2.52) 
Mixed environment 9/4/4 1 0.34 (0.10 – 1.20) 0.33 (0.09 – 1.22) 

Data presented as odds ratio and 95% confidence interval, adjusted for age at follow-up, gender, and 
diploma level. 
* Asthmatics classified in “mild asthma” or with a low symptom score. 
† Asthmatics classified in “moderate to severe asthma” or with a high symptom score. 
The analysis was performed in 294 subjects (data missing for asthma severity and symptom score in 4 
pre-hire-onset asthmatics). 

 

 



TABLE E3. Associations between exposure at the first occupation and asthma characteristics before hire, according to 
diploma level 

 Low diploma level  University diploma level 

 n Exposed
, % 

Adjusted * OR 
(95% CI) 

 n Exposed, 
% 

Adjusted * OR 
(95% CI) 

ALOHA job-exposure matrix †        
All 118 60.2 -  180 38.3 - 

Non-asthmatic before hire (ref.) 42 59.5 1  81 44.4 1 
Pre-hire-onset asthmatics 76 60.5 0.98 (0.44 – 2.22)  99 33.3 0.55 (0.29 – 1.04) 
Symptom score in childhood        

0 to 3 47 59.6 1.07 (0.43 – 2.67)  55 36.4 0.64 (0.31 – 1.29) 
4 to 5 23 56.5 0.68 (0.23 – 1.97)  34 26.5 0.40 (0.16 – 1.03) 

Attacks the year before the first 
occupation        

No 34 55.9 0.68 (0.25 – 1.83)  49 38.8 0.69 (0.31 – 1.53) 
Yes 38 65.8 1.30 (0.49 – 3.43)  42 26.2 0.43 (0.18 – 0.99) 

Asthma severity at baseline        
Mild  40 70.0 1.49 (0.57 – 3.93)  57 38.6 0.67 (0.31 – 1.43) 

Moderate to severe 16 37.5 0.38 (0.11 – 1.31)  21 19.1 0.23 (0.07 – 0.77) 

Asthma-specific job-exposure 
matrix ‡ 

   
    

All 118 42.4 -  180 22.2 - 
Non-asthmatic before hire (ref.) 42 35.7 1  81 28.4 1 
Pre-hire-onset asthmatics 76 46.1 1.38 (0.61 – 3.11)  99 17.2 0.47 (0.23 – 0.97) 
Symptom score in childhood        

0 to 3 47 44.7 1.38 (0.54 – 3.52)  55 23.6 0.70 (0.31 – 1.60) 
4 to 5 23 39.1 0.89 (0.30 – 2.64)  34 11.8 0.33 (0.11 – 1.00) 

Attacks the year before the first 
occupation        

No 34 41.2 0.90 (0.34 – 2.39)  49 22.5 0.64 (0.26 – 1.53) 
Yes 38 52.6 2.17 (0.81 – 5.80)  42 9.5 0.25 (0.08 – 0.76) 

Asthma severity at baseline        
Mild  40 55.0 2.04 (0.79 – 5.25)  57 21.1 0.58 (0.24 – 1.38) 

Moderate to severe 16 25.0 0.49 (0.12 – 2.05)  21 9.5 0.23 (0.05 – 1.02) 
CI: Confidence Interval; OR: Odds-Ratio.  
* Adjusted for age at follow-up and gender. 
† Exposed (probable exposure to at least one agent among: dust, gases, fumes, pesticides, solvents and/or metals) vs. 
non-exposed. 
‡ Exposed (moderate or high probability of exposure to asthmogens, or possible exposure to low risk irritants or 
antigens) vs. non-exposed. 
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