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Chronic cough and wheeze affects between 25% and 35% of the 
adult Canadian population (1). However, the progression of symp-

toms and their determinants, which can provide information about the 
nature of respiratory disease over time, have not been explored in 
Canadian populations. The study of the longitudinal predictors of res-
piratory health in general populations of rural residents is limited (2). 
Certain associations between environmental exposures and respiratory 
symptoms have been previously reported (3-11). Factors reported to 
determine respiratory symptoms in general populations of adults include 
smoking (8,12), age (10,13), sex (1,8,13), atopy (10) and damp housing 
(4). In Canada, longitudinal studies of respiratory symptoms in rural 
populations have primarily explored the health effects of grain dust in 
occupationally exposed workers (5,9,14).

Previous studies examining longitudinal changes in respiratory 
symptoms have focused on examining current symptoms and their 
association with previous exposures. However, there are limited 

reports of the nature of persistent symptoms and their predictors as 
well as the predictors of new onset of symptoms (9,10).

The present analysis aimed to identify the predictors of persistent 
respiratory symptoms and the predictors of new onset of symptoms 
studied longitudinally in a rural population. We report on the findings 
of two cross-sectional studies, conducted 10 years apart, involving 
adults living in a rural Saskatchewan community.

METHODS
Populations
Two successive cross-sectional community studies of adults were con-
ducted in 1993 and 2003 in the rural community of Humboldt, 
Saskatchewan. According to figures from the 2001 census, the com-
munity of Humboldt had a population of approximately 5200, who 
were primarily of Caucasian background (15). Humboldt is mainly an 
agricultural community. Wheat, canola, flax, pea, rye, lentils, canary 
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BACKGROUND: Predictors of new and long-term respiratory symptoms 
for rural residents are not well defined.
OBJECTIVE: To identify early predictors of respiratory symptoms in a 
rural community population.
METHODS: The study population consisted of 871 adults living in 
the rural community of Humboldt, Saskatchewan, who participated 
in two cross-sectional respiratory studies conducted in 1993 and 2003. 
Questionnaire information obtained at both time points included respira-
tory symptoms (cough, phlegm and wheeze), history of allergy, smoking, 
and information regarding home and farm environments. Transitional 
modelling, in which measurement in a longitudinal sequence is described 
as a function of previous outcomes, was used to predict later outcomes of 
cough, phlegm and wheeze. Asymptomatic individuals in 1993 were assessed 
to determine factors associated with the development of symptoms during 
the study period.
RESULTS: The prevalences of cough, phlegm and wheeze in 1993 were 
16.1%, 18.1% and 25.5%, respectively. Change in symptoms over time was 
significant for cough, phlegm and wheeze. The adjusted ORs (95% CI) 
from separate transitional models for each respiratory outcome in 1993 
that predicted the same symptom in 2003 were 6.32 (4.02 to 9.95) for 
cough, 14.36 (9.01 to 22.89) for phlegm and 6.40 (4.40 to 9.32) for wheeze. 
For asymptomatic individuals in 1993, home dampness, allergic reaction to 
inhaled allergens and cigarette smoking were major risk factors associated 
with respiratory symptoms that were reported in 2003.
CONCLUSION: The presence of previous respiratory symptoms, allergies 
and environmental exposures can predict the occurrence of future respira-
tory symptoms in adults.

Key Words: Cough; Longitudinal respiratory symptoms; Phlegm; Predictors; 
Wheeze

Les prédicteurs de symptômes respiratoires au sein d’une 
population rurale du Canada : une étude longitudinale 
sur la santé respiratoire

HISTORIQUE : Les prédicteurs des nouveaux symptômes respiratoires et 
de ces symptômes à long terme sont mal définis chez les habitants des 
régions rurales.
OBJECTIF : Déterminer les prédicteurs précoces de symptômes respira-
toires dans la population d’une collectivité rurale.
MÉTHODOLOGIE : La population à l’étude se composait de 871 habi-
tants adultes de la collectivité rurale de Humboldt, en Saskatchewan, qui 
avaient participé à deux études respiratoires transversales en 1993 et en 
2003. L’information relative au questionnaire obtenue à ces deux moments 
incluait les symptômes respiratoires (toux, mucosités et respiration sif-
flante), les antécédents d’allergies, le tabagisme et les renseignements sur 
les environnements de la maison et de la ferme. La modélisation transition-
nelle, qui décrit une mesure dans une séquence longitudinale en fonction 
des issues antérieures, a permis de prédire les issues de toux, de mucosités et 
de respiration sifflante plus tard. En 1993, les personnes asymptomatiques 
ont été évaluées pour déterminer les facteurs associés à l’apparition de 
symptômes pendant la période de l’étude.
RÉSULTATS : En 1993, la prévalence de toux, de mucosités et de respira-
tion sifflante s’élevait à 16,1 %, 18,1 % et 25,5 %, respectivement. 
L’évolution des symptômes de toux, de mucosités et de respiration sifflante 
était importante au fil du temps. Les RRR (95 % IC) de modèles transition-
nels distincts à l’égard de chaque issue respiratoire en 1993 qui prédisaient 
le même symptôme en 2003 correspondaient à 6,32 (4,02 à 9,95) à l’égard 
de la toux, à 14,36 (9,01 à 22,89) à l’égard des mucosités et à 6,40 (4,40 à 
9,32) à l’égard de la respiration sifflante. Chez les personnes asymptoma-
tiques en 1993, l’humidité du domicile, les réactions allergiques aux 
allergènes inhalés et le tabagisme étaient des facteurs de risque majeurs de 
symptômes respiratoires déclarés en 2003.
CONCLUSION : La présence des symptômes respiratoires antérieurs, les 
allergies et l’exposition environnementale permettent de prédire 
l’occurrence de futurs symptômes respiratoires chez les adultes.
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seeds and barley are the primary crops grown in the area. Beef cattle 
production, in addition to other livestock, are significant for the sur-
rounding community. In 1993, there were 1998 adult subjects 18 to 
74 years of age who participated in the survey, resulting in a response rate 
of 85.9% (16). In 2003, there were 2090 adult residents 18 to 79 years of 
age, who represented 71% of those contacted (17). For both studies, 
participants were identified by means of a community canvass as previ-
ously described (16,17). All participants brought self-administered 
completed questionnaires to a health screening centre located in the 
community. The study protocols were similar between study time 
points (16-17). However, these two cross-sectional studies were not 
designed to have a longitudinal component at the planning stage. 
There were 871 subjects who participated in both the 1993 and 2003 
studies and, on both occasions, completed a questionnaire that 
included identical questions for respiratory symptoms, smoking history, 
and socioeconomic and lifestyle variables. Of 1794 eligible subjects 
studied in 1993, 923 could not be located in the 2003 study. Before 
initiation of both the 1993 and 2003 studies, approval from the 
Biomedical Research Ethics Board of the University of Saskatchewan 
(Saskatoon, Saskatchewan) was obtained.

Questionnaire
Respiratory health was assessed using the American Thoracic Society 
adult respiratory questionnaire (18). Cough was determined by a posi-
tive response (ie, ‘yes’) to any of the following questions: “Do you 
usually have a cough?”, “Do you usually cough at all on getting up, or 
first thing in the morning?”, “Do you usually cough at all during the 
rest of the day? or at night?”. Phlegm was determined by a positive 
response to any of the following questions: “Do you usually bring up 
phlegm from your chest?”, “Do you usually bring up phlegm at all on 
getting up, or first thing in the morning?”,  “Do you usually bring up 
phlegm at all during the rest of the day? or at night?” Wheeze of any 
nature was determined by a positive response to any of the following 
questions: “Does your chest ever sound wheezy or whistling: When you 
have a cold?” (wheeze/cold), “Occasionally apart from a cold?” 
(wheeze/no cold). The questionnaire also identified environmental 
and family characteristics including damp housing (report of any dam-
age caused by dampness such as wet spots on walls or floors in the 

home) and grain dust exposure (history of grain farming or handling 
grains such as wheat, durham, oats, barley, flax, rapeseed, rye, mustard, 
alfalfa or legumes). Three types of smoking history were assessed includ-
ing current smoker (smoking in the past year) or ex-smoker (no current 
smoking and a past history of smoking at least 20 packs) or nonsmoker 
(all others). Ever smoker was defined as combination of current and ex-
smokers. An allergic reaction to inhaled allergens was determined by a 
positive answer to the question “Have you ever had an allergic reaction 
to inhaled allergen (eg, pollen, dust [plant or animal], animal fur or 
smoke)?”.

Statistical analysis
c2 tests were used to determine the univariate association of respira-
tory symptoms and predictors of grain dust exposure, home dampness, 
allergic reaction to inhaled allergens and cigarette smoking. The 
McNemar test for paired samples was used to examine the significance 
of change in prevalence (19). The longitudinal data analysis was con-
ducted using transitional models (20) in which the measurement Yij 
represents the status (presence or absence) of respiratory outcome of 
ith individual at jth time point. Yij can be described as a function of 
previous outcome or history hij = (Yi1, …,Yij-1) and covariates xij, in 
which hij represents the status (presence or absence) of respiratory 
outcomes of ith individual at (j-1) previous time points (1, 2, …, j-1) 
and xij represent the covariates of ith individual at (j-1) previous time 
points (1, 2,…, j-1). Useful transitional models were Markov chains in 
which the conditional distribution of yij given hij depends only on the 
q prior observations yij-1,…,yij-q. The integer q is referred to as the 
model order. In the present analysis, a multivariate logistic regression 
model was considered for binary respiratory outcome that comprises a 
first-order Markov chain because there was one previous outcome. 
Here, three separate models for three respiratory outcomes were con-
sidered: cough, phlegm and wheeze. ORs and 95% CIs were used to 
express the strength of the associations. SAS version 9.03 (SAS 
Institute, USA) (21) for Windows (Microsoft Corporation, USA) was 
used for statistical analysis. Data from among the group of participants 
who were free from symptoms of cough, phlegm and wheeze in 1993 
were further analyzed using a separate multivariate logistic regression 
model for each outcome.

RESULTS
There were 871 subjects who participated in both cross-sectional stud-
ies conducted in 1993 and 2003. Of these, 359 (41.2%) were men and 
512 (58.8%) were women. The mean (± SD) age of the participants at 
baseline was 46.8±13.4 years. Table 1 shows the characteristics of the 
871 subjects comprising the study population who were studied both at 
baseline in 1993 and on a second occasion in 2003. The proportion of 
individuals who reported grain dust exposure (history of grain farming or 
grain handling) was 17.9% in 1993 and 18.7% in 2003. The proportion 
of individuals living in damp houses was 10.8% and 8.6% in the two 
studies, respectively. Of the respondents who said ‘yes’ to home dampness 
in 1993, 25.5% continued to have home dampness in 2003. There was 
no change in the proportion of subjects who claimed a history of allergic 
reaction to inhaled allergens during the two time points. There were 
fewer current smokers in 2003 compared with 1993; however, the propor-
tion of ex-smokers increased by 6.3% in 2003 (Table 1). In the 2003 
Humboldt study (17), 52.1% of persons studied were never smokers 
and 47.9% were ever smokers (current or ex-smokers). Although this 
was a moderate increase of ever smokers in 2003 from 1993 (46.1% to 
47.9%), it followed the national smoking pattern (22) for ever smokers 
and never smokers.

Figure 1 illustrates the prevalence of respiratory symptoms in 1993 
and 2003. There was a significant change in prevalence from 1993 to 
2003 for cough (0.35% increase per year; P=0.02), wheeze (0.46% 
increase per year; P=0.007) and phlegm (0.33% increase per year; 
P=0.026). The effects of aging on the prevalences of symptoms and 
smoking were assessed (data not shown). Older subjects experienced 
more symptoms, as did ex-smokers and current smokers.

Table 1
baseline characteristics of the study population in 1993 
and in 2003 (n=871)
Characteristic baseline (1993) Follow-up (2003) 
Age range, years
   20–29 94 (10.8) –
   30–39 217 (24.9) 86 (9.9)
   40–49 156 (17.9) 224 (25.7)
   50–59 200 (23.0) 155 (17.8)
   60–69 204 (23.4) 194 (22.3)
   70–79 – 212 (24.3)
Grain dust exposure
   Yes 156 (17.9) 163 (18.7)
   No 715 (82.1) 708 (81.3)
Living in a damp house
   Yes 94 (10.8) 75 (8.6)
   No 777 (89.2) 796 (91.4)
Allergic reaction to inhaled allergens
   Yes 270 (31.0) 262 (30.1)
   No 601 (69.0) 609 (69.9)
Smoking status
   Never smoker 470 (53.9) 454 (52.1)
   Ex-smoker 282 (32.4) 337 (38.7)
   Current smoker 119 (13.7) 80 (9.2)

Data presented as n (%)
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Table 2 presents the results of the bivariate c2 analysis of associa-
tion conducted to examine each symptom in 2003 separately with 
reported cough, phlegm and wheeze in 1993 and with other exposures 
(allergic reaction to inhaled allergens, exposure to home dampness, 
grain dust and smoking) in 1993. In 1993, cough, phlegm and wheeze 
were significantly associated with a report of cough, phlegm or wheeze 
in 2003. There was a strong association of grain dust exposure in 1993 
with both cough and phlegm in 2003. Allergic reaction to inhaled 
allergens, dampness in the home and smoking status in 1993 were all 
significantly associated with increased prevalence of wheeze in 2003. 
In addition, smoking status in 1993 was associated with cough and 
phlegm in 2003.

Table 3 summarizes the results from separate multivariate transi-
tional models (OR [95% CIs]) adjusted for age, sex and other expos-
ures used for each respiratory symptom in 1993 to predict the same 
symptom in 2003. The OR was 6.32 (95% CI 4.02 to 9.95) for cough, 
14.36 (95% CI 9.01 to 22.89) for phlegm and 6.40 (95% CI 4.40 to 
9.32) for wheeze. Besides previous symptoms, reported history of aller-
gic reaction to inhaled allergens, exposure to home dampness, grain 
dust exposure and participating in smoking in 1993 predicted respira-
tory symptoms in 2003.

Furthermore, a subgroup of asymptomatic participants who reported 
no cough, phlegm or wheeze in 1993 were selected to examine the 
associations of the exposure related to each symptom reported in 2003. 
Of the 871 subjects in the study, 83.9% were cough free, 81.9% were 
phlegm free and 74.5% were wheeze free in 1993. By 2003, 13.4% of 
the subjects had developed cough, 12.3% had developed phlegm and 
19.1% had developed wheeze. Adjusting for age and sex, home damp-
ness and smoking status (ever smoker) in 1993 were significant deter-
minants for the development of cough in 2003 (Table 4). Smoking 

status was a significant determinant for the development of phlegm 
and wheeze (Table 4). Allergic reaction to inhaled allergens in 1993 
was also a significant factor for the presence of wheeze in 2003.

DISCUSSION
Our findings demonstrated that respiratory symptoms of cough, phlegm 
and wheeze were present in a considerable proportion of persons in a 
rural population, and that these symptoms tended to be long lasting, 
with moderate increases in the prevalence of these symptoms over the 
10-year study period (1993 to 2003). Our results also showed that the 
presence of symptom(s) in 1993 was the strongest risk factor for the 
prevalence of symptoms in 2003 and, that after adjusting for age and sex, 
personal factors (ever smoking and allergy history), the environmental 

Figure 1) Prevalence of respiratory symptoms in 1993 and 2003

25.5

18.1
16.1

30.1

21.4
19.6

0

5

10

15

20

25

30

35

40

45

50

Cough Phlegm Wheeze
Symptom

Pe
rc

en
ta

ge
 (%

)

1993 2003

p=0.020

p=0.026

p=0.007

Table 2
bivariate analyses comparing cough, phlegm and wheeze in 2003 with environmental characteristics and history of cough, 
phlegm and wheeze in 1993

Variables in 1993
Cough in 2003* Phlegm in 2003† Wheeze in 2003‡

Yes No Yes No Yes No 
Cough§ 
   Yes 73 (52.1) ** 67 (47.7) – – – –
   No 98 (13.4) 633 (86.6) – – – –
Phlegm§ 
   Yes – – 98 (62.0)** 60 (38.0) – –
   No – – 88 (12.3) 625 (87.7) – –
Wheeze§ 
   Yes – – – – 138 (62.2)†† 84 (37.8)
   No – – – – 124 (19.1) 525 (80.9)
Grain dust exposure¶ 
   Yes 41 (26.3)** 115 (73.7) 52 (33.3)†† 104 (66.7) 56 (35.9) 100 (64.1)
   No 130 (18.2) 585 (81.8) 134 (18.7) 581 (81.3) 206 (28.8) 509 (71.2)
Sex¶

   Male 75 (20.9) 284 (79.1) 100 (27.9)†† 259 (72.1) 123 (34.3)** 236 (65.7)
   Female 96 (18.8) 416 (81.2) 86 (16.8) 426 (83.2) 139 (27.1) 373 (72.9)
Allergic reaction to inhaled allergens¶ 
   Yes 57 (21.1) 213 (78.9) 57 (21.1) 213 (78.9) 120 (44.4)†† 150 (55.6)
   No 114 (19.0) 487 (81.0) 129 (21.5) 472 (78.5) 142 (23.6) 459 (76.4)
Dampness in house¶ 
   Yes 24 (25.5) 70 (74.5) 22 (23.4) 72 (76.6) 40 (42.5)†† 54 (57.5)
   No 147 (18.9) 630 (81.1) 164 (21.1) 613 (78.9) 222 (28.6) 555 (71.4)
Smoking status¶ 
   Ever smoker 104 (25.9)†† 297 (74.1) 114 (28.4)†† 287 (71.6) 143 (35.7)†† 258 (64.3)
   Never smoker 65 (14.1) 397 (85.9) 69 (14.9) 393 (85.1) 117 (25.3) 345 (74.7)

Data presented as n (%). *Comparing cough in 2003 with environmental characteristics and history of cough in 1993; †Comparing phlegm in 2003 with environmen-
tal characteristics and history of phlegm in 1993; ‡Comparing wheeze in 2003 with environmental characteristics and history of wheeze in 1993; §P values calculated 
using McNemar’s test;  ¶P values calculated using c2 test of association; **P<0.05; ††P<0.01 



Karunanayake et al

Can Respir J Vol 18 No 3 May/June 2011152

factors of home dampness and previous grain dust exposure, predicted 
the prevalence of symptoms 10 years later. In addition, home dampness, 
cigarette smoking and allergic reaction to inhaled allergens were signifi-
cant predictors of the development of symptoms 10 years later.

Damp housing has been identified as a risk factor for respiratory 
symptoms including wheeze, wheeze with shortness of breath, and cough 
in cross-sectional studies (23-29). In one longitudinal study of respira-
tory symptoms (4), it was found to be associated with new wheeze and 
cough. Dales et al (23) recently reported an association between mould 
or dampness in the home and the presence of cough, wheeze and current 
asthma. Similarly, Park et al (24) found a relationship between fungal 
growth in buildings and respiratory symptoms. We recently reported 
that the prevalences of chronic wheeze, wheeze with shortness of breath 
and allergies were higher for women reporting damp housing compared 
with those who did not report damp housing (26). Studies conducted in 
Finland (27) and the Netherlands (28) also found that cough and 
phlegm were strongly associated with living in a damp or mouldy home. 
A review by Bornehag et al (29) reported that dampness in buildings 
appeared to increase the risk of symptoms such as cough, wheeze and the 
condition of asthma. A recent meta-analysis (30) suggested that building 
dampness and mould were associated with increased prevalence of res-
piratory and asthma-related health outcomes. In the current study, home 
dampness – which was used as a surrogate measure for certain housing 
conditions – was predictive of respiratory symptoms. The findings in the 
present report provide additional evidence for the relationship between 
the built environment and adverse respiratory health outcomes.

Grain dust exposure is a known risk factor for respiratory symptoms 
(5,31-33). Our previous work (5) showed that among grain elevator 
workers, grain dust was a risk factor for respiratory symptoms, such as 
wheeze, phlegm, cough and dyspnea, and that grain dust control was 
an effective method of reducing the prevalence of respiratory symp-
toms. The prevalence of respiratory symptoms, such as cough, sputum, 
wheeze, and shortness of breath with wheeze, were significantly more 
prevalent among wheat flour millers than among control subjects in 
Nigeria (31). Schwartz et al (32) found that grain workers who were 
exposed to higher concentrations of airborne dust and endotoxin had 
a significantly higher prevalence of chronic respiratory symptoms 
(cough, phlegm and wheeze) than those who were not exposed to 
higher concentrations. We previously reported that smoking and grain 
farming were significant predictors of wheeze in both men and women 
(33). An increasing trend in the risk of asthma and/or wheeze was 
observed with increases in the duration of farming, indicating a dose-
response relationship (33). While previous studies have identified its 
importance in occupational environments, the current report identi-
fies its importance in the rural farming environment.

The effects of smoking on the development of respiratory symptoms 
such as cough, phlegm and wheeze (25,33-37) are well known. 
According to the Canadian Tobacco Use Monitoring Survey (22), in 
2003, 21% of Canadians 15 years of age and older were current smokers, 
53% were never smokers and 26% were ex-smokers. Results from the 
Humboldt study in 2003 followed the national smoking pattern for ever 
smokers and never smokers. However, the percentage of current smokers 
was lower in Humboldt (9.2%) compared with the Canadian national 
average (21%). Some of the decline in smoking prevalence seen in the 
current study may be in response to a community bylaw banning smok-
ing in public places that was implemented before the second study.

Recently conducted cross-sectional studies (25,34,36-37) reported 
that smoking was the most important risk factor associated with 
wheeze, cough or phlegm. A population-based prospective study from 
Hong Kong (35) showed that second-hand smoke exposure in the 
workplace is significantly associated with frequent cough and phlegm 
when observed both cross-sectionally and prospectively. Initiation of 
smoking between time points of studies was associated with increased 
cough or wheezing in smokers compared with nonsmokers (3,8,10,38). 
A longitudinal study of changes in respiratory status in young adults (3) 
reported that smoking was significantly associated with new onset of 
wheeze and asthma. Similar to these findings, our study reports that pre-
vious cigarette smoking is associated with a risk of developing or experi-
encing persistent respiratory symptoms of cough, phlegm and wheeze.

Our study also showed that reported previous allergic reaction to 
inhaled allergens strongly predicted wheeze. This is consistent with 
reports from three other studies examining predictors of respiratory 
symptoms. In a cross-sectional study, Potts et al (25) also observed that 
wheeze and productive cough were associated with specific allergens 
such as cats and house dust mites. Skin test reactivity was associated 
with wheeze without a cold eight years later in one study (11), and in 
predicting asthma symptoms (including wheeze) 17 years later in 
another (7).

One of the strengths of our study was the large longitudinal sample 
of 871 respondents, with resulting robust statistical power. On the other 
hand, the study examined only two time points that were 10 years apart. 
Therefore, the increases in prevalence could be the result of a period-
cohort effect (39) with an aging population. Also, the use of symptom 
information, rather than diagnosed disease potentially could limit the 
period cohort effect due to changes in diagnosing patterns that might 
have occurred with the use of diagnosed disease such as asthma or 
chronic obstructive pulmonary disease. Information regarding the date 
of development of symptoms for participants who were symptom free 
in 1993 and reported symptoms in 2003 was not available. However, 
assessing the exposure history in 1993, rather than in 2003, reduces 
the potential for induction bias associated with limited information 
on exact occurrence of symptoms and exposure history at the second 

Table 4
age- and sex-adjusted multivariate models for respiratory 
symptoms in 2003 associated with risk factors reported in 
1993 among participants who were asymptomatic in 1993

Variables in 
1993

Self-reported symptoms and models in 2003
Cough (n=731) 

(model I)
Phlegm (n=713) 

(model II) 
Wheeze (n=649) 

(model III) 
Dampness in 

home* 
2.05 (1.10–3.83)† 1.86 (0.92–3.73) 1.41 (0.74–2.69)

Allergic reaction 
to inhaled 
allergens* 

1.29 (0.80–2.08)    0.98 (0.58–1.66)   2.33 (1.50–3.58)‡

Grain dust 
exposure* 

1.49 (0.84–2.67)    1.62 (0.89–2.96)   1.18 (0.68–2.04)

Smoking status*  
(ever smoker)

2.04 (1.30–3.21)§    2.02 (1.25–3.26)§   1.69 (1.10–2.57)†

Data presented as OR (95% CI). *Reference category is ‘No’; †P<0.05; 
‡P<0.001; §P<0.01

Table 3
Separate age- and sex-adjusted multivariate transition 
models for respiratory outcomes in 2003

Variables in 
1993

Self-reported symptoms and models in 2003
Cough  

(model I) 
Phlegm  

(model II) 
Wheeze  

(model III)  
Cough 6.32 (4.02–9.95)† – –
Phlegm – 14.36 (9.01–22.89)† –
Wheeze – –  6.40 (4.40–9.32)†

Dampness in 
home* 

2.01 (1.12–3.60)‡  1.66 (0.87–3.14)  1.51 (0.89–2.56)

Allergic reaction 
to inhaled 
allergens* 

0.85 (0.55–1.32)  0.75 (0.47–1.20)  2.37 (1.64–3.41)†

Grain dust 
exposure* 

1.83 (1.09–3.05)‡  1.81 (1.07–3.05)‡  1.21 (0.76–1.92)

Smoking status* 
(ever smoker)

1.87 (1.24–2.81)§  1.96 (1.28–2.98)§  1.37 (0.96–1.95)

Data presented as OR (95% CI). *Reference category is ‘No’; †P<0.001; 
‡P<0.05; §P<0.01 
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survey time point. The lack of objective measurement of environ-
mental exposures and atopy, and reliance on self-report by question-
naire responses to dampness, smoking, grain exposure and allergy 
history are two possible sources of misclassification and responder bias. 
To limit responder bias, both time points used similar questionnaires 
(ie, questions used for the present analysis were identical at both time 
points) and identical procedures for collecting data. Questions assess-
ing respiratory symptoms were the standardized questions validated 
by the American Thoracic Society (18). Sears et al (40) showed that 
repeated use of the same respiratory questionnaire over time is not 
subject to responder bias.

The current study demonstrated that reported respiratory symp-
toms persist over time and that earlier exposures (both domestic and 
farm related) are predictors for later respiratory symptoms.
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