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Asthma is a chronic respiratory disease that can lead to activity 
limitation, school absenteeism and hospitalization. It accounts 

for a large proportion of health care resource use, especially among 
children. The environment is known to play an important role in both 
the development of asthma and in subsequent disease exacerbations. 
Endotoxin is an exposure of which levels have been reported to be 
higher in rural and agricultural areas (1,2). It is believed that endo-
toxin exhibits a paradoxical proinflammatory effect on respiratory 
health and, therefore, has the ability to exacerbate asthma (3), but could 
also modify the immune response and potentially protect against the 
development of atopic disease (4). While the role of household endo-
toxin has been studied in relation to the presence of asthma – with 
inconsistent results (5-8) – few studies outside of occupational settings 
have considered the associations between lung function and endotoxin 
exposure. In a small study involving children (9) and two clinic-based 

studies involving adults (10,11), lower lung function was associated 
with higher endotoxin levels.

Environmental tobacco smoke (ETS) has been shown to nega-
tively impact lung function in children (12). There are several reasons 
why ETS should be considered along with endotoxin as a potential 
effect modifier including the following: ETS is associated with higher 
endotoxin levels (8,13); ETS includes other proinflammatory agents 
in addition to endotoxin; and it has the potential to modify associa-
tions between occupations high in endotoxin exposure and respiratory 
outcomes (14). The interactions between ETS exposure and house-
hold endotoxin in children have not been reported. We examined 
associations between household endotoxin exposure and lung function 
in children living in a rural region, and examined the modifying effects 
of sex, pre-existing asthma and other environmental exposures, 
including ETS, in this association.
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BACkgRouND/oBJeCTiveS: Knowledge of the effects of domestic 
endotoxin on children’s lung function is limited. The association between 
domestic endotoxin and asthma or wheeze and lung function among 
school-age children (six to 18 years of age) was examined. The interaction 
between endotoxin and other personal and environmental characteristics 
and lung function was also assessed.
MeThoDS: A case-control study was conducted in and around the rural 
community of Humboldt, Saskatchewan, between 2005 and 2007. Parents 
of cases reported either doctor-diagnosed asthma or wheeze in the previous 
year. Controls were randomly selected from those not reporting these con-
ditions. Data were collected by questionnaire to ascertain symptoms and 
conditions, while spirometry was used to measure lung function including 
forced vital capacity and forced expiratory volume in 1 s. Dust collected 
from the child’s play area floor and the child’s mattress was used to quantify 
endotoxin, and saliva was collected to quantify cotinine levels and assess 
tobacco smoke exposure.
ReSuLTS: There were 102 cases and 207 controls included in the pres-
ent study. Lower forced expiratory volume in 1 s was associated with 
higher mattress endotoxin load among female cases (beta=−0.25, 
SE=0.07 [P<0.01]). There was a trend toward lower forced vital capacity, 
which was associated with higher play area endotoxin load among cases 
with high tobacco smoke exposure (beta=−0.17, SE=0.09 [P<0.10]).
CoNCLuSioNS: Findings indicated that high endotoxin levels present 
in common household areas of rural children with asthma or wheeze may 
also affect their lung function. These associations may be potentiated by 
tobacco smoke exposure and female sex.
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L’association entre les endotoxines et la fonction 
pulmonaire chez les enfants et les adolescents qui 
habitent en région rurale

hiSToRiQue eT oBJeCTiFS : On connaît peu les effets de 
l’exposition domestique aux endotoxines sur la fonction pulmonaire des 
enfants. Les chercheurs ont examiné l’association entre l’exposition 
domestique aux endotoxines et l’asthme ou la respiration sifflante et la 
fonction pulmonaire chez les enfants d’âge scolaire (de six à 18 ans). Ils ont 
également évalué l’interaction entre les endotoxines et les autres caracté-
ristiques personnelles et environnementales et la fonction pulmonaire.
MÉThoDoLogie : Les auteurs ont mené une étude cas-témoin dans la 
collectivité et les environs de Humboldt, en Saskatchewan, entre 2005 et 
2007. Les parents des cas ont signalé soit un asthme diagnostiqué par le 
médecin, soit une respiration sifflante au cours de l’année précédente. Les 
sujets témoins ont été sélectionnés au hasard à partir de personnes qui 
n’avaient pas signalé ces problèmes. Les chercheurs ont colligé les données 
par questionnaire pour évaluer les symptômes et les problèmes et utilisé la 
spirométrie pour mesurer la fonction pulmonaire, y compris la capacité 
vitale forcée et le volume expiratoire forcé par seconde. Ils ont recueilli la 
poussière sur le plancher de l’aire de jeux et sur le matelas de l’enfant pour 
quantifier les endotoxines, ainsi que la salive pour quantifier les taux de 
cotinine et évaluer l’exposition à la fumée secondaire.
RÉSuLTATS : Cent deux (102) cas et 207 sujets témoins étaient inclus 
dans la présente étude. Le volume expiratoire inférieur par seconde 
s’associait à une charge d’endotoxines plus élevée dans le matelas des sujets 
de sexe féminin (bêta=−0,25, ÉT=0,07 [P<0,01]). On constatait une ten-
dance vers une capacité vitale expiratoire inférieure qui s’associait à une 
charge d’endotoxines plus élevée dans l’aire de jeux chez les cas qui étaient 
fortement exposés à la fumée secondaire (bêta=−0,17, ÉT=0,09 [P<0,10]).
CoNCLuSioNS : Les observations indiquent que de forts taux 
d’endotoxines présents dans des secteurs communs de la maison d’enfants 
de régions rurales atteints d’asthme ou de respiration sifflante peuvent 
nuire à leur fonction pulmonaire. Ces associations peuvent être potentiali-
sées par l’exposition à la fumée secondaire et le sexe féminin.
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MeThoDS
Study design and population
A case-control study of children dwelling in and around the rural com-
munity of Humboldt, Saskatchewan, a primarily agriculture-based 
community, during the spring, fall and winter seasons (March 2005 to 
April 2007) was conducted. Subjects were recruited from a 2004 cross-
sectional study of children six to 18 years of age. Potential cases were 
included if they reported doctor-diagnosed asthma, or if they reported 
wheeze in the previous 12 months. Potential controls were selected 
randomly from those who did not report asthma or wheeze, and who 
participated in the cross-sectional study. An attempt was made to 
recruit two controls for each case. Once selected, an invitation letter 
was mailed and followed up by telephone calls. On contact, a screen-
ing questionnaire was administered, and subjects were confirmed as 
cases or controls. To increase participation, the study area was 
extended to include rural communities and farming areas around 
Humboldt and in the same school district as Humboldt. Selection and 
recruitment followed an identical process. Data collection methods 
included questionnaires, lung function testing, dust collection for 
endotoxin and saliva collection for cotinine. The Health Research 
Ethics Board – Panel A (University of Alberta [Edmonton, Alberta]) 
and the Biomedical Research Ethics Board (University of Saskatchewan 
[Saskatoon, Saskatchewan]) approved the study, as did the local school 
boards. Before participating, parents and children completed consent 
and assent forms, respectively.

Questionnaires
Questionnaires based on standardized questionnaires (15-17) and 
questionnaires from previous studies conducted in Humboldt (18) and 
Estevan (8,19), Saskatchewan, were administered by an interviewer to 
a parent of the subject. Information regarding sociodemographic fac-
tors, respiratory health, general health, parental health history, birth 
characteristics, lifestyle (eg, diet, physical activity and smoking), hous-
ing characteristics (eg, age of home, number of rooms/occupants, type 
of heating, presence of air conditioning, humidifiers or air filters), and 
environmental exposures (eg, ETS, mould or pets) was collected. 
Season of testing was defined based on the date of the home visit and 
was recorded as spring (March, April or May), fall (September, 
October or November) or winter (December, January or February).

Collection and analysis of dust samples to quantify endotoxin 
exposure
Two samples of settled household dust were collected from the homes. 
These included the room in which the child spent most of their free 
time (play area), and from the child’s bed (mattress). The dust was 
collected by one of two identical vacuum cleaners (Solaris Miele – 
S514, Germany) and was collected following International Study of 
Asthma and Allergies in Childhood (ISAAC) protocol (20) for time 
and size of area of vacuuming, but used a sock filter made of Connaught 
satin with a pore size of approximately 5 µm to 10 µm (21). 
Temperature and humidity were measured at the time of vacuuming.

Endotoxin levels in the house dust were quantified following the 
protocol of Gerada et al (22). Laboratory technicians were blinded 
to the case-control status of the subjects and to all other data col-
lected. Quantitative assays to determine the levels of endotoxin were 
completed using the kinetic chromogenic Limulus assay (Cambrex 
Bio Science, Kinetic QCL, USA). Endotoxin levels were expressed as 
concentration (endotoxin units [EU] per mg of dust collected [EU/mg]) 
and load (EU/m2 of area vacuumed). Endotoxin measures were log-
transformed before statistical analysis.

Collection and analysis of saliva samples to quantify cotinine levels
Tobacco smoke exposure was determined by measuring salivary cotin-
ine levels. Children were asked to spit into a specimen container 
without the use of materials that would stimulate the flow of saliva 
including gum or Teflon. Up to 5 mL of saliva were collected from 
each subject. Cotinine was quantified using cotinine microplate 

enzyme immunoassay kits (Cozart plc, United Kingdom). Because 
the distribution of salivary cotinine levels (ng/mL) were highly 
skewed and did not normalize after log transformation, cotinine lev-
els were categorized at the median cotinine level (1.24 ng/mL). This 
cut-off is reflective of the lower end of mean (1.31 ng/mL) and 
median (1.0 ng/mL) cotinine values of passively exposed children 
from a previous population-based study (23).

Lung function testing
Lung function was assessed adhering to American Thoracic Society 
guidelines (24) with a dry-rolling seal spirometer (Sensormedics model 
922; Sensormedics Corporation, USA). Children completed the test-
ing in a sitting position while wearing a nose clip. At least three, and 
no more than seven, manoeuvres were attempted. Height and weight 
were measured objectively. Temperature (˚C), barometric pressure 
(mmHg), and relative humidity (%) (Traceable Model No. 61161-
396, Friendswood, USA) were collected at the time of testing. Lung 
function outcomes included forced vital capacity (FVC) and forced 
expiratory volume in 1 s (FEV1). Per cent predicted values for lung 
function were determined based on predicted equations for children 
(25).

Statistical analysis
Analysis was completed using STATA version 9.0 (StataCorp LP, 
USA). The two outcomes of interest in the present analysis were FVC 
and FEV1. Comparisons of lung function levels were made between 
cases and controls based on absolute values using analysis of covari-
ance to adjust for age, sex and height. During the descriptive analysis, 
levels of endotoxin were categorized at the median to define high and 
low. For play area endotoxin load, this was 1011.3 EU/m2, and for mat-
tress endotoxin load, this was 402.5 EU/m2.

A multiple regression model was fitted for each log-transformed 
continuous measure of endotoxin that was independent of the other 
models: model 1 assessed play area endotoxin concentration; model 2 
assessed play area endotoxin load; model 3 assessed mattress endotoxin 
concentration; and model 4 assessed mattress endotoxin load. 
Throughout the analyses, generalized estimating equations with an 
exchangeable working correlation were used to account for clustering 
within families. If the model did not converge, an independent work-
ing correlation was used. In addition to one of the four measures of 
endotoxin, each model included the following covariates: tobacco 
smoke exposure, age group, sex, height, season of testing and case-
control status.

We considered several three-way and two-way interaction terms to 
be of clinical importance. Variables that were considered in this inter-
action analysis, which were identified a priori, included case-control 
status, a measure of endotoxin, tobacco smoke exposure and sex. Case-
control status was included in this assessment to assess whether asso-
ciations were consistent between those with and without asthma or 
wheeze, because most population-based studies investigating endo-
toxin and lung function have been completed only among children or 
adults with asthma (9-11), or have been completed in laboratory stud-
ies and showed larger responses in persons with asthma (26). 
Endotoxin and tobacco smoke exposures were included in this assess-
ment because these were the independent variables of primary inter-
est. Finally, sex was included because several studies have shown 
differential effects of environmental exposures between males and 
females on lung health (27-30). The following three-way interaction 
terms were tested: case-control status*sex*endotoxin, case-control 
status*sex*tobacco smoke exposure, case-control status*tobacco 
smoke exposure*endotoxin. In the event that the three-way inter-
action terms were not statistically significant, two-way interactions 
including these variables were assessed.

ReSuLTS
Among cases and controls in which contact had been made and who 
were eligible, 322 (43.4%) children and their parents agreed to partici-
pate in the study. Of these, 12 subjects did not have either dust or 
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cotinine samples, and one subject refused lung function testing, leaving 
102 cases and 207 controls for the present analysis. As shown in Table 1, 
there were no statistically significant differences between cases and 
controls with regard to age, height or weight, but there was a higher 
proportion (P<0.01) of males among cases (64.7%) than among 
controls (39.6%). Mean adjusted FVC was significantly higher 
among cases compared with controls (Table 1). In addition, per cent 
predicted forced expiratory flow in the 25% to 75% of FVC and 
FEV1/FVC ratio were significantly lower among cases than among 
the controls (Table 1).

As shown in Figure 1, FEV1 values were similar when comparing 
groups with high and low endotoxin exposure among male cases and 
controls, and female controls; however, the same was not true for 
female cases. Among female cases, the mean FEV1 was lower when 
higher endotoxin levels were present compared with those with lower 
endotoxin levels. FVC levels were similar, regardless of endotoxin 
levels for controls. Among cases with low tobacco smoke exposure, a 
higher endotoxin exposure was associated with a higher FVC (Figure 2). 

In contrast, among cases with high tobacco smoke exposure, a higher 
endotoxin exposure was associated with a lower FVC (Figure 2).

There was a statistically significant (P=0.003) three-way inter-
action between case-control status, mattress endotoxin load and sex 
when FEV1 was considered. Among controls, the association between 
mattress endotoxin load and FEV1 was similar for males and females 
(Table 2, Figure 3). However, among female cases only, lower FEV1 
was associated with higher mattress endotoxin load (Table 2, Figure 3). 
With regard to FEV1, there was no statistically significant interaction 
between endotoxin and tobacco smoke exposure.

There was a three-way interaction of borderline statistical significance 
(P=0.07) between case-control status, play area endotoxin load and 
tobacco smoke exposure when considering FVC. Cases with high tobacco 
smoke exposure and higher levels of play area endotoxin load also had 
lower FVC (P<0.10; Table 2, Figure 4). Among controls, the association 
between play area endotoxin load and FVC was similar between those 
with high or low tobacco smoke exposure (Table 2, Figure 4).

Figure 1) Adjusted (for age, height and mattress endotoxin load) forced 
expiratory volume in 1 s (FEV1) according to case-control status, sex and 
mattress endotoxin load (EU/m2)

Figure 2) Adjusted (for age, sex, height, and play area endotoxin load) 
forced vital capacity (FVC) according to case-control status, tobacco smoke 
exposure and play area endotoxin load (EU/m2) 

TabLE 1
Distribution of age, anthropometric and lung function 
values among cases and controls

Controls (n=207) Cases (n=102) P
Age, years 11.5 (11.1–12.0) 11.3 (10.7–11.9) 0.50
Height, cm 152.3 (150.0–154.6) 151.3 (147.9–154.7) 0.55
Weight, kg 49.4 (46.8–52.0) 49.4 (45.7–53.1) 0.92
FEV1

   L* 2.79 (2.67–2.93) 2.82 (2.63–3.02) 0.26
   % predicted 108.1 (106.5–109.6) 109.2 (106.7–111.7) 0.44
FVC
   L* 3.25 (3.09–3.41) 3.39 (3.15–3.63) 0.02
   % predicted 109.0 (107.5–110.5) 113.8 (111.5–116.0) <0.01
FEF25-75

   L/s* 3.22 (3.07–3.38) 3.04 (2.81–3.26) 0.21
   % predicted 106.4 (103.1–109.7) 100.6 (95.6–105.5) 0.05
FEV1/FVC ratio
   Ratio percentage* 86.6 (85.8–87.4) 83.8 (82.6–85.0) <0.001
   % predicted 97.3 (96.4–98.2) 94.1 (92.7–94.5) <0.001

Data presented as mean (95% CI) unless otherwise indicated. *Crude values 
are presented, although statistical comparisons between the absolute values 
for cases and controls are based on the multiple linear regression adjusting for 
age group, sex and height and using generalized estimating equations to 
account for clustering within families. FEF25-75  Forced expiratory flow between 
25th and 75th percentile of forced vital capacity (FVC); FEV1 Forced expira-
tory volume in 1 s; FEV1/FVC FEV1 as a proportion of FVC expressed as a 
percentage

TabLE 2
adjusted multiple regression models* examining the 
association between endotoxin and lung function

 beta (SE)
FEV1 (n=309) FVC (n=309)

Model 1: Log play area endotoxin, EU/mg –0.002 (0.04) 0.05 (0.04)
Model 2: Log play area endotoxin, EU/m2 –0.02 (0.04) †

   Control Low tobacco 0.03 (0.05)
   Control High tobacco –0.0007 (0.06)
   Case Low tobacco 0.17 (0.12)
   Case High tobacco –0.17 (0.09)‡

Model 3: Log mattress endotoxin, EU/mg –0.03 (0.04) –0.03 (0.05)
Model 4: Log mattress endotoxin, EU/m2 § –0.04 (0.04)
   Control Male –0.04 (0.07)
   Control Female 0.03 (0.06)
   Case Male 0.09 (0.07)
   Case Female –0.25 (0.07)¶

*Adjustment for each variable listed for that model as well as age group, sex, 
case-control status, height, season of testing, tobacco smoke exposure and 
one measure of endotoxin; †Additionally adjusted for case-control 
status*tobacco smoke exposure, case-control status*play area endotoxin 
load, play area endotoxin load*tobacco smoke exposure and case-control 
status*tobacco smoke exposure*play area endotoxin load; ‡P<0.10; 
§Additionally adjusted for case–control status*sex, case-control status*mattress 
endotoxin load, mattress endotoxin load*sex and case-control status*sex 
*mattress endotoxin load; ¶P<0.01. EU Endotoxin units; FEV1 Forced expira-
tory volume in 1 s; FVC Forced vital capacity
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Because some medications can influence the results of lung function 
testing, the use of such medication in our population was assessed. In the 
present study, 14.9% of participants were currently using inhaled corti-
costeroids and 7.1% were currently using beta-agonists. Only 2.9% had 
used a breathing medication on the day of testing. Adjusting for medica-
tion use did not influence the lung function findings (data not shown).

DiSCuSSioN
In the present study, higher domestic endotoxin levels were associated 
with lower lung function among female children with pre-existing 
asthma or wheeze. Additionally, our results suggest that tobacco smoke 
can modify the association between endotoxin and lung function by 
resulting in lower FVC. Because there are few population-based studies 
examining the association between endotoxin and lung function, 
these results are important and expand on previous research that 
investigated the associations between endotoxin and the presence of 
asthma or wheeze. While certain studies have reported protective 
effects between endotoxin and the presence of respiratory disease in 
children (5), our results demonstrate the complex nature of endotoxin 
on lung health by showing that among children with asthma or 
wheeze, endotoxin can be harmful. This has implications for under-
standing the role of endotoxin in the development of disease, as well 
as practical implications on possible ways of reducing morbidity in 
children with asthma or wheeze.

Our findings are in agreement with a previous study (9) in which 
endotoxin measured from personal monitoring was inversely associ-
ated with daily evening FEV1 among a small sample of children with 
asthma attending a school designed for children with asthma. Children 
with asthma or wheeze may be more sensitive to the acute proinflam-
matory effects of endotoxin than those without asthma or wheeze due 
to the nonspecific airway hyper-responsiveness and airway inflamma-
tory changes underlying asthma. Results from several laboratory and 
animal studies suggested that subjects predisposed to atopic disease 

experience stronger negative effects of endotoxin, especially in com-
bination with other environmental agents (10,31). The results of our 
study extend these earlier results by using a human, population-based 
design in a rural setting.

What is less easy to understand is the difference found between 
males and females in the associations between lung function and endo-
toxin. Differences in associations between environmental exposures and 
various respiratory outcomes have been reported between males and 
females for asthma symptoms and lung function (29). Also, children 
with asthma or wheeze in the current study completed a two-week mon-
itoring phase in addition to the testing reported herein. As part of this 
monitoring, diurnal peak flow variability was calculated, with results 
showing that tobacco smoke exposure had differential effects on diur-
nal peak flow variability between boys and girls (32). The current 
study extends these findings of differential associations of environ-
mental exposures between boys and girls to those with domestic endo-
toxin exposure, specifically, and its association with FEV1. Female 
children and adolescents may be more susceptible to environmental 
effects. A potential explanation for this may be the difference in 
growth patterns of the airways between boys and girls. Maximum FVC 
and FEV1 velocity occurs earlier in girls, with different growth patterns 
near the age of puberty (33). Environmental exposures may alter this 
lung growth pattern in females, resulting in worse outcomes.

Interaction between tobacco smoke exposure and endotoxin is pos-
sible because endotoxin is a component of cigarette smoke (34), 
tobacco smoke increases the airborne concentration of endotoxin (13) 
and tobacco smoke exposure has been associated with higher home 
endotoxin measured from vacuumed home dust (8). Among adults, 
interactions between tobacco smoke and other exposures have been 
described in relation to respiratory outcomes in occupational environ-
ments including the grain industry (14) – an industry in which work-

Figure 3) Association between log mattress endotoxin load (EU/m2) and 
forced expiratory volume in 1 s (FEV1) according to case-control status and 
sex. Associations are based on models adjusted for age group, sex, case-
control status, height, season of testing, tobacco smoke exposure, mattress 
endotoxin load, sex*case-control status, case-control status*mattress endo-
toxin load, sex*mattress endotoxin load, and case-control status*sex*mattress 
endotoxin load

Figure 4) Association between log play area endotoxin load (EU/m2) and 
forced vital capacity (FVC) according to case-control status and tobacco 
smoke exposure. The solid line represents subjects with low tobacco smoke 
exposure and the dotted line represents subjects with high tobacco smoke expos-
ure. Associations are based on models adjusted for case-control status, age 
group, sex, height, season of testing, play area endotoxin load, tobacco smoke 
exposure, case-control status*tobacco smoke exposure, case-control 
status*play area endotoxin load, tobacco smoke exposure*play area endotoxin 
load, and case-control status*play area endotoxin load*tobacco smoke 
exposure



Endotoxin and children’s lung function

Can Respir J Vol 18 No 6 November/December 2011 e93

related respiratory symptoms and lower lung function values have also 
been associated with exposure to occupational endotoxin (35). 
Furthermore, a synergistic effect between endotoxin and exposure to 
tobacco smoke has been found in relation to markers of lung inflam-
mation in an animal model (36). We have demonstrated that the 
interaction between tobacco smoke exposure and household endo-
toxin can occur in a general population of children. More difficult to 
interpret, however, is the inconsistency in results between FVC and 
FEV1 with regard to the role of tobacco smoke exposure. While mater-
nal smoking during pregnancy was not associated with FVC directly 
and, therefore, not included in the current analysis, it was associated 
with cotinine levels, suggesting that mothers who smoked during preg-
nancy continued to smoke or spend time around smokers (data not 
shown). Because current lung function is a product of both past and 
current exposures, it may be speculated that this continued exposure 
from the prenatal period to present, combined with potentially high 
endotoxin exposure, had an early impact on lung size but not necessar-
ily airway calibre.

The association between lung function and endotoxin exposure 
described herein was not consistent between the two locations of dust 
sampling (ie, the play area endotoxin was associated with FVC, while 
mattress endotoxin was associated with FEV1). Previous studies have 
determined that there are differences in the determinants of endotoxin 
between different locations sampled in the home (8,37). Also, one 
study that characterized the types of endotoxin in the home based on 
the length of fatty acid chain (38) showed that there are qualitative 
differences between sampling locations. Differences in the health 
effects of endotoxin can be dependent on the length of fatty acid chain 
of the endotoxin (39). These observations, along with our findings, 
may explain some of the inconsistencies in reported associations and 
suggest that more work is needed to fully understand the implications 
of using multiple sampling locations in the home.

While results from the present study are consistent with those of 
adult populations with regard to the potential proinflammatory effects 
of endotoxin on lung function (10,11), they are in contrast to the 
results suggesting a protective effect of endotoxin on the presence of 
asthma in children (5). This is quite plausible considering the differ-
ence in outcomes between our study (lung function) and previous 
studies examining asthma presence. It is possible that the associations 
with lung function represent the acute effects of endotoxin for chil-
dren with asthma, while the inverse associations with the presence of 
asthma and wheeze (5) may reflect long-term effects resulting from 
more complex immunomodulatory processes with early life exposure, 
including a shift in the immune response toward a T helper cell 1 
response and away from the atopic T helper cell 2 response (40).

Several limitations of the present study should be addressed. While 
the study incorporated a case-control design, data collection for the 

analysis occurred at one point in time and used prevalent cases, mak-
ing it vulnerable to cross-sectional limitations including a lack of tem-
poral assessment or misclassification due to recall bias. Due to practical 
considerations, this is typical of asthma case-control studies (6,8). In 
contrast, strengths of our study include the use of objective measures 
of exposure assessment for the primary exposures (endotoxin and 
tobacco smoke) and the use of objective lung function measurements. 
Research technicians who conducted the objective measurements and 
administered standardized questionnaires were carefully trained and 
supervised.

SuMMARy
There was a suggestion of an inverse association between endotoxin 
and lung function; however, this association was only evident among 
cases, and was modified by sex and tobacco smoke exposure, suggesting 
that if asthma or wheeze is present, negative health consequences can 
occur if children are exposed to endotoxin. This is important because 
it helps provide a clearer understanding of the role of endotoxin in the 
development and morbidity of asthma and wheeze. Also, the present 
study was one of the first to report on the association between endo-
toxin and lung function using a population-based sample of children, 
and results in several research and practical implications. Future 
research into the interaction effects may help explain the mechanisms 
by which endotoxin affects the development of lung health. It may 
also be important for children with asthma or wheeze to avoid higher 
endotoxin exposure, especially if the children are female or exposed to 
tobacco smoke.
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