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Background. Exposure to endotoxin has been widely investigated as a potential factor for asthma and associated symptoms in children with
different results. To clarify a potential relationship, we performed the present meta-analysis to integrate the results of studies examining the
association of endotoxin exposure with wheeze and asthma in children. Methods. A search for relevant studies and reviews was conducted in
MEDLINE, Highwire, CINAHL, and The Cochrane Library databases. Adjusted odds ratio (OR) with corresponding 95% confidence interval
(CI) for endotoxin exposure and wheeze or asthma were retrieved and pooled to generate summary effect estimates in STATA 11.1. Results.
Nineteen studies were included in the meta-analysis. The summary estimates suggested that endotoxin was positively associated with wheeze
in infants and toddlers (meta-OR: 1.48, 95% CI: 1.10–1.98), but negatively related to asthma in school-aged children (meta-OR: 0.82, 95%
CI: 0.69–0.97 for endotoxin concentration and 0.68, 95% CI: 0.50–0.93 for endotoxin load). Conclusions. Based on the studies evaluated,
endotoxin is a risk factor for wheeze in younger children, but a protective factor for asthma in older children. Thus, this study supports the
“hygiene hypothesis.”
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INTRODUCTION

Asthma affects approximately 300 million individuals in
the world and is the most common chronic illness in
children (1). In 2007, the Centers for Disease Control and
Prevention evaluated to 13% the percentage of American
children who had been diagnosed with the disease in
their lifetime. According to the National Center for Health
Statistics, the number of drug prescriptions for childhood
asthma has increased two and a half times from 1994 to
2004 (2–4).

The differences in asthma prevalence between de-
veloping and developed countries (>10% in Europe
and North America, 3–7% in Asia, 4–8% in Africa)
suggest that environmental factors play an important role
in the development of the allergic disease (5–7). To
explain these disparities, bacterial components such as
endotoxin—a substance of the gram negative bacteria
outer membrane—have been widely investigated. It
has been reported that endotoxin could protect against
asthma, but might increase the risk of asthma symptoms in
children (8–10). However, epidemiological studies have
yielded conflicting results. While some found a protective
effect of endotoxin (11–13), a majority of articles did not
report significant results (14–21). Tavernier et al. (22),
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for their part, found endotoxin exposure to be higher in
asthmatic children in comparison to non-asthmatic ones.

We performed the present meta-analysis to examine
the relationship between endotoxin and childhood wheeze
and asthma, given the inconsistency of existing individual
epidemiological study results. To our knowledge, this is
the first meta-analysis on the topic, and it adds in a
unique manner to the existing literature by quantitatively
synthesizing observational studies on endotoxin and
wheeze and asthma in children. This study evaluates the
relationship of endotoxin exposure with the prevalence of
wheeze and asthma in children, and will help increase the
effect size precision of a probable association.

MATERIALS AND METHODS

Data Sources and Searches

To estimate the odds of wheeze and asthma associated
with endotoxin exposure, we searched MEDLINE,
Highwire, CINAHL, and The Cochrane Library using
the keywords “endotoxin asthma∗ child∗” and “endotoxin
wheez∗ child∗” up to March 2011. The search strategies
in the different databases were as follows:

- In MEDLINE: (“endotoxins” [MeSH] OR “endotox-
ins” [All] OR “endotoxin” [All]) AND (“asthma”
[MeSH] OR “asthma” [All]) AND (“child” [MeSH]
OR “child” [All] OR “children” [All]), using the
keywords “endotoxin,” “asthma,” and “children”; and
(“endotoxins” [MeSH] OR “endotoxins” [All] OR
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“endotoxin” [All]) AND (“respiratory sounds” [MeSH]
OR “respiratory” [All]) AND (“sounds” [All] OR
“respiratory sounds” [All] OR “wheeze” [All]) AND
(“child” [MeSH] OR “child” [All] OR “children”
[All]), using the keywords “endotoxin,” “wheeze,” and
“children.”

- In Highwire: “endotoxin∗ wheez∗ child∗ (all words in
title or abstract)” and “endotoxin∗ asthma∗ child∗ (all
words in title or abstract).”

- In CINAHL: “endotoxin∗” AND “wheez∗” AND
“child∗,” “endotoxin∗” AND “asthma∗” AND
“child∗.”

- In The Cochrane Library: “endotoxin∗ wheez∗ child∗
(title, abstract, or keywords)” and “endotoxin∗ asthma∗
child∗ (title, abstract, or keywords)”.

In addition to the databases search, we screened the list
of references in the previous reviews and selected papers
to identify additional relevant studies.

Study Selection

Studies that met the following criterion were included
in the meta-analysis: observational studies published in
English that reported or contained data to calculate
the odds of childhood wheeze and/or asthma related to
endotoxin exposure with corresponding 95% confidence
interval (CI). All references were independently screened
by two authors (A.M. and J.P.) according to the selection
criteria, and discrepancies on whether to include a study
were resolved by consensus.

Data Extraction

Using a data extracting sheet, two of the authors (A.M.
and J.P.) independently retrieved from each of the articles
data on study design, age of participants, adjusted odds
ratio (OR) with corresponding 95% CI, and covariates
adjusted for (Table 1). The adjusted OR for wheeze
and/or asthma reported for the highest exposure category
compared with the lowest was selected and used for
this meta-analysis. If the same population was used in
different studies included in the article, data from the most
recent one were considered in the analysis.

Disagreements on data extraction were resolved
through discussion and, if needed, by consulting a
third author (J.G.). Agreement between the reviewers on
study selection was determined using the Cohen kappa
statistic. This test is an inter-rater agreement measure
for categorical data. It evaluates how much agreement
is present (observed) discounting how much agreement
would be expected by chance alone (expected).

Quality Assessment

The following methodological quality components of the
included studies were assessed: size of the population,
study design, definition of exposure to endotoxin, assess-
ment of wheeze and asthma, potential confounders’ mea-
sure and control, statistical methods used in individual
papers. The quality of the reporting was evaluated using
the Strengthening the Reporting of Observational Studies

in Epidemiology (STROBE) statement checklist for
cohort, case–control, and cross-sectional studies, version
4 (35). The studies were classified into the following
three categories—A, more than 80% of STROBE criteria
fulfilled; B, 50–80% of STROBE criteria fulfilled; and C,
if less than 50% of STROBE criteria were fulfilled.

Analysis

OR and 95% CI were presented or computed per category
exposure of outcome. The standard error (SE) was
estimated based on the formula [log (upper limit of
the 95% CI) – log (lower limit of the 95% CI)]/3.92,
deducted from the calculations of log (upper limit of the
95% CI) = natural logarithm (OR) + 1.96 (SE) and log
(lower limit of the 95% CI) = natural logarithm (OR) –
1.96 (SE). ORs were combined by means of a weighted
average to generate summary estimates using a random
effect model. We tested for heterogeneity in results across
studies using a Q statistic. The statistical significance was
defined as p < .10 instead of the conventional level of .05
because of the low test power. The I2 was determined
to quantify the percentage of variation across studies
attributable to heterogeneity (36). Studies were identified
as outliers if the 95% CI of their effect size did not
overlap with the estimate line of the summary estimate
on the forest plot (37). Outliers were excluded one by
one and the heterogeneity was retested until the p-value
was superior to 10%. All analyses were performed using
STATA (Version 11; Stata Corporation, College Station,
TX, USA).

RESULTS

The steps of our literature search are shown in Figure 1.
Briefly, a total of 430 articles were identified. The
search yielded 257 articles from PubMed, 27 from
Highwire (including 7 workshop poster presentations),
144 from CINAHL, and 2 from The Cochrane Library. No
additional article was identified from articles’ references
screening. After full text screening, 19 studies met our
inclusion criteria (11–13, 16, 18, 19, 21, 23–34, 38).
There was complete agreement on 196 of the 206 articles
after title and abstract screening (inter-reader agreement:
k = 81.6%) and on 50 of the 54 articles after full text
screening (inter-reader agreement: k = 84.1%).

Studies’ Characteristics and Definitions

The studies that were included in our meta-analysis were
published between 2001 and 2011. They were conducted
mainly in Europe (11, 12, 16, 18, 19, 23, 26, 33) and
North America (13, 21, 24, 28, 29, 30, 32), but also in
New Zealand (27, 34), Palestine (25), and Latin America
(38). Ten studies were cohort (12, 13, 23, 26, 27, 29, 30,
32, 33, 38), eight cross-sectional (11, 16, 18, 19, 21, 24,
25, 34), and one case–control (28). Five studies fulfilled
more than 80% of the STROBE criteria (12, 16, 26, 27,
30), and the others, between 50 and 80%.
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TABLE 1.—Characteristics of studies on endotoxin and wheeze or asthma included in the meta-analysis.

References Study design Sample size Children age
Endotoxin
measured Partition Variables adjusted for

Reporting
quality

Bolte et al.
(16)

Cross-
sectional

1942 2 years Concentration Quartiles Age, gender, study region, breastfeeding, number
of siblings, parental education, mite allergens,
respiratory infections, smoking during
pregnancy, parental atopy

A

Braun-
Fahrlander
et al. (11)

Cross-
sectional

812 6–13 years Load and con-
centration

Quartiles Age, sex, study area, family atopy, parental
education, number of siblings, farming
exposure

B

Carlsten et al.
(23)

Cohort 380 7 years Concentration Endotoxin
units

Sex, family history of asthma, race, firstborn,
maternal education, residence

B

Campo et al.
(24)

Cross-
sectional

532 1 year Concentration Quartiles Age, sex, family atopy, smoker in the house,
day-care attendance, number of siblings, pet
exposure, cold in past year

B

Douwes et al.
(12)

Cohort 810 1–4 years Load Tertiles Age, sex, region, parental education, indoor
tobacco, children in household

A

El-Sharif et al.
(25)

Cross-
sectional

110 6–12 years Concentration Tertiles Age, sex, residence, dust mite, other atopy
symptoms

B

Gehring et al.
(26)

Cohort 1884 6–12 months Concentration Quantiles Age, sex, residence, family atopy, dust mite,
exposure to tobacco, parental education, pet
exposure, breastfeeding

A

Gehring et al.
(18)

Cross-
sectional

1756 5–14 years Load Standard
deviations

Age, sex, residence, family atopy, parental
education, pet exposure

B

Gehring et al.
(19)

Cross-
sectional

840 9–12 Concentration
and load

Quartiles Age, sex, gender, parental atopy, cat and dust mite
allergen, smoking

B

Gillespie et al.
(27)

Cohort 881 3–15 months Concentration Quartiles Age, people in house, pet exposure, having a
damp and musty smell, dampness or mold in
the bedroom, open fireplace; maternal
smoking; type of flooring in the bedroom

A

Lawson et al.
(28)

Case–
control

322 6–18 years Concentration
and load

Mean Age, sex, environmental tobacco smoke B

Perzanowski
et al. (29)

Cohort 301 12 months Concentration
and load

Mean Sex, maternal asthma, ethnicity, and tobacco
smoke exposure in the house

B

Phipatanakul
et al. (30)

Cohort 498 12 months Concentration Quartiles Age, residence, family atopy, household income A

Rullo et al.
(31)

Cohort 104 30 months Concentration Mean Age, sex, breastfeeding, low respiratory infections B

Ryan et al.
(32)

Cohort 483 3 years Concentration Mean Age, family atopy, sex, environmental tobacco
smoke, mold, breast feeding, traffic, particles

B

Sordillo et al.
(13)

Cohort 377 7 years Concentration Median Age, sex, residence, race/ethnicity, family atopy B

Thorne et al.
(21)

Cross-
sectional

557 <18 years Concentration
and load

Quartiles Age, residence, race/ethnicity, dust mite exposure,
presence of smoker in house, number of
children in house, household income

B

Tischer et al.
(33)

Cohort 690 6 years Load Quartiles Sex, parental atopy, parental education, pet
ownership, breastfeeding, season of dust
sampling

B

Wickens et al.
(34)

Cross-
sectional

494 7–10 years Concentration
and load

Mean Age, sex, residence, race/ethnicity, family atopy,
smoking in house, siblings, parental education,
pet exposure, open fire place in house, lower
respiratory infections, antibiotic use

B

In all included studies, endotoxin was extracted
from dust collected by vacuuming children’s bed,
bedroom floor, and/or living room/family room floor.
The endotoxin content was measured by kinetic Limulus
Amoebocyte Lysate test. Endotoxin results were ex-
pressed as endotoxin units per gram or milligram of dust
(endotoxin concentration) or endotoxin units per square
meter of surface area sampled (endotoxin load). The
timing of exposure to endotoxin was classified into early
(exposure to endotoxin during the first year of life) and
current exposure. Endotoxin concentration and load were
partitioned into tertiles, quartiles, or quintiles.

Any wheeze was defined as at least one episode of
wheeze in the past 12 months reported or as an answer
“yes” to the question “Has your child had wheezing
or whistling in the chest in the past 12 months?”
from the International Study of Asthma and Allergies
in Childhood (ISAAC) questionnaire (39). Recurrent
wheeze was defined as at least two episodes of wheeze
in the past 12 months as for the question “How many
attacks of wheezing has your child had in the last 12
months?” Asthma was reported by parents as an answer
“yes” to the question “has your child ever had asthma?”
from the ISAAC questionnaire or “has a doctor ever told
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Records identified through databases
search

(N = 430)
Puibmed: 257
Highwire: 27
CINAHL: 144

The Cochrane Library: 2

Records after duplicated removed
(N = 206)

Articles excluded after title and
abstract screening (N = 165) 

Articles excluded after full-text
screening (N = 35) 

Records screened
(N = 206) (k = 81.6%)

Full-text articles
assessed for eligibility

(N = 54) (k = 84.1%)

Studies included in
quantitative synthesis

(meta-analysis)
(N = 19)

FIGURE 1.—Flow diagram of studies selection.

you your child had asthma?” from the American Thoracic
Society—Division of Lung Diseases questionnaire (31).

Regarding age, children were classified as infants
between 1 and 12 months of age; as toddlers, between 1
and 3 years of age; as preschoolers, between 3 and 5 years
of age; and as school-aged children, if older than 5 years.

Sordillo et al. (13) and Phipatanakul et al. (30) used
the same population from The Epidemiology of Home
Allergens and Asthma Study, an ongoing birth cohort
study recruited in Boston, MA. Campo et al. (24) and
Ryan et al. (32) used the same population from the
Cincinnati Childhood Allergy and Air Pollution Study, a
prospective birth cohort recruited in the greater Cincinnati
metropolitan area. Tischer et al. (33) included in their
study a population from the birth cohort study on
“Influences of lifestyle-related factors on the immune
system and the development of allergies in childhood”
(LISA) used by Bolte et al. (16) and Gehring et al. (26).
However, the study populations were used only once in
our analyses.

Endotoxin and Any Wheeze

Eleven studies examined the odds of any wheeze
associated with endotoxin exposure (11, 12, 19, 21,
25–30, 34). Among the studies, seven reported an effect
size for current endotoxin exposure (11, 19, 21, 25, 28,
29, 34) and five for early endotoxin exposure (12, 26, 27,
29, 30).

On a set of homogeneous studies (Q test p-value =
.13, I2 = 46.2%), exposure during the first year of life
to endotoxin, expressed in concentration per amount of
dust sampled, was positively associated with any wheeze
in infants and toddlers (OR: 1.48, 95% CI: 1.10–1.98)
(Figure 2).

Endotoxin and Recurrent Wheeze

Seven studies examined the odds of recurrent wheeze
associated with endotoxin exposure (12, 13, 16, 23, 24,
32, 38). Among the studies, four reported an effect size for
current endotoxin exposure (13, 16, 23, 24) and four for
early endotoxin exposure (12, 13, 32, 38). Current or early
endotoxin exposure was not associated with recurrent
wheeze in children (Figure 3).

Endotoxin and Asthma

Nine studies examined the odds of asthma associated
with endotoxin exposure (11–13, 18, 19, 21, 23, 33,
34). Among the studies, eight reported an effect size for
current endotoxin exposure (11, 13, 18, 19, 21, 23, 33, 34)
and one for early endotoxin exposure (12).

On a set of homogeneous studies (Q test p-value =
.46, I2 null), current endotoxin exposure, expressed in
concentration per amount of dust sampled, was negatively
associated with asthma in school-aged children (OR: 0.82,
95% CI: 0.69–0.97) (Figure 2).

The studies that examined current endotoxin exposure,
expressed in load per surface area sampled, and asthma
were significantly heterogeneous (Q test p-value = .04,
I2 = 60.2%) (Figure 3). After exclusion of the outlier
study by Tischer et al. (33) (Dutch) (which effect size and
95% CI did not overlap with the summary estimate line
in Figure 4), the homogeneity significantly improved (Q
test p-value= .49, I2 null) and current endotoxin load was
negatively associated with asthma in school-aged children
(OR: 0.68, 95% CI: 0.50–0.93) (Figure 5).

DISCUSSION

The results of our meta-analysis indicate that endotoxin
exposure is a risk factor for wheeze in infants and
toddlers, but protects against asthma in school-aged
children. Consistent with our findings with regard to
endotoxin and wheeze in infants and toddler, endotoxin
has been found to induce airway inflammation and
upregulation of pro-inflammatory cytokines, resulting in
bronchoconstriction and consequently in wheeze. The
pro-inflammatory properties of endotoxin have been
described in both asthmatic and non-asthmatic children
and among adults in occupational settings (10, 17, 27, 40,
41). However, several studies did not find an association
between endotoxin and wheeze in children older than 5
years (11, 19, 28, 34). For their part, El-Sharif et al.
(25) surprisingly found an inverse correlation for both
atopic and non-atopic wheezes.

We did not find a relationship between endotoxin and
recurrent wheeze, like most of the literature which fails to
report significant results (12, 13, 16, 17, 24, 32, 38). Only
Park et al. (42) and Litonjua et al. (13, 23, 33, 43, 44),
consistent with endotoxin inflammatory properties, found
endotoxin associated with the risk for repeated wheeze
during the first year of life.

Coherent with the negative relationship of endotoxin
with asthma in school-aged children found in our study,
an increasing number of articles published in the recent
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Early exposure and wheeze in infants and toddlers

Study
ID OR (95% CI) % Weight

Phipatanakul et al. (30)
Gehring et al. (26)
Gillespie et al. (27)
Perzanowski et al. (29)
Subtotal (I 

2 = 46.2%, p = .134)

Current exposure and wheeze in school-aged children
Braun-Fahrlander et al. (11)
El-Sharif et al. (25)
Gehring et al. (19)
Lawson et al. (28)
Wickens et al. (34)
Subtotal (I 

2 = 69.1%, p = .011)

Current exposure and asthma in school aged children
Braun-Fahrlander et al. (11)
Carlsten et al. (23)
Gehring et al. (18)
Sordillo et al. (13)
Wickens et al. (34)
Subtotal (I 

2 = 0.0%, p = .460)

Overall (I 
2 = 67.3%, p = .000)

0.069

Protective Risk factor

1 14.5

.

.

.

2.39 (1.22, 4.68)
1.60 (1.11, 2.31)
1.54 (1.03, 2.30)
1.04 (0.72, 1.51)
1.48 (1.10, 1.98)

1.06 (0.70, 1.60)
0.31 (0.14, 0.69)
0.80 (0.61, 1.05)
0.73 (0.31, 1.72)
1.20 (0.93, 1.55)
0.84 (0.60, 1.19)

0.90 (0.54, 1.50)
0.77 (0.60, 0.99)
0.44 (0.07, 2.81)
0.31 (0.09, 1.07)
0.90 (0.69, 1.18)
0.82 (0.69, 0.97)

0.99 (0.81, 1.21)

5.25
8.94
8.44
8.89

31.52

8.27
4.24

10.33
3.84

10.56
37.24

6.99
10.63
1.08
2.17

10.37
31.24

100.00

FIGURE 2.—Forest plot for the association of endotoxin exposure, expressed in endotoxin concentration per amount of dust sampled, with any wheeze and
asthma in toddlers, infants, and school-aged children using a random effect model.

Current endotoxin concentration and recurrent wheeze

Study
ID OR (95% CI) % Weight

Bolte et al. (16) 1.04 (0.73, 1.48)

0.95 (0.69, 1.30)

0.55 (0.14, 2.19)

1.27 (0.72, 2.25)

0.75 (0.27, 2.09)

1.03 (0.65, 1.65)

0,67 (0.33, 1.37)

0.67 (0.33, 1.37)

0.31 (0.08, 1.20)

0.81 (0.60, 1.09)

1.30 (0.84, 2.00)

32.15

100.00

11.59

67.44

20.97

100.00

100.00

100.00

4.86

36.47

26.52Campo et al. (24)

Cartstan et al. (23)

Sordillo et al. (13)

Subtotal (I 
2
 = 50.3%, p = .110)

Early endotoxin concentration and recurrent wheeze

Rullo et al. (38)

Ryan et al. (32)

Sordillo et al. (13)

Subtotal (I 
2
 = 0.0%, p = .432)

Early endotoxin load and recurrent wheeze

Douwes et al. (12)

0.08

Protective Risk factor

1 12.5

.

.

FIGURE 3.—Forest plot for the association of current and early endotoxin exposure with recurrent wheeze in children using a random effect model.
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FIGURE 4.—Forest plot for the association of endotoxin exposure, expressed in endotoxin load per surface area sampled, with any wheeze and asthma in
school-aged children using a random effect model. The effect size reported by Tischer et al. (33) (Dutch), in which 95% confidence interval does not overlap
with the summary estimate line, was identified as outlier for the relationship between endotoxin and asthma.

years are suggesting a protective effect of endotoxin
against the allergic disease (13, 23, 33, 43, 44). However,
the mechanism is still not fully understood. Possible
explanations indicate that endotoxin is a potent inducer
of interleukin-12 and interferon gamma, which downreg-
ulate the production of T-lymphocyte helper 2 (Th2) cells
involved in the development of allergic diseases (45). Yet,
it is still unclear whether asthma is simply a Th2 disease
or if Th1 also plays a role in its development (46, 47). The
stronger protective effect against asthma found for current
endotoxin load per area sampled in comparison to current
endotoxin concentration per amount of dust sampled can
be explained by the fact that endotoxin load is a better
predictor of total endotoxin exposure. It indicates both
the component concentration and the amount of dust in
the sampled area (48). Our meta-analysis did not include
many longitudinal studies on asthma in school-aged
children exposed to endotoxin in their first year of life,
but it is possible that the children with current endotoxin
exposure have had a prolonged exposure prior to the
assessment.

It has been proposed that the effect of endotoxin on
the development of wheeze and asthma is the result
of an interaction between genetic determinants and
environmental factors (49). Single nucleotide polymor-
phisms (SNP) in genes CD14 and Toll-like receptors

(especially TLR4) are known to modulate the response
to endotoxin. A recent study (50) reported that the as-
sociation between endotoxin and wheeze is significantly
modified by SNPs –260 C/T (rs2569190), –1247 T/C
(rs2569191), –1721 A/G (rs2915863) in gene CD14, and
SNP (rs10808798 T/C) in gene MD2 (v-myb-dependent
gene 2, which variably regulates the lipopolysaccharides
binding and clustering to TLR 4) among farmers (50,
51). Other investigators (52) examined the relationship
between a promoter polymorphism in gene CD14 (CD14/
–159 C to T), and noted the CC genotype at –159 of CD14
correlated with an increased risk of non-atopic wheeze
but reduced risk of allergic sensitization. Zambelli-Weiner
et al. (53) evaluated the role of CD14 C-260T polymor-
phism in the association between house dust endotoxin
and asthma or other allergic disease in a population
of African descent in the Barbados. They found the
CD14 TT genotype is protective against asthma for
low house dust endotoxin (<44,000 EU/m2) but it is
a risk factor for asthma in individuals with high house
endotoxin exposure (>44,000 EU/m2). A protective effect
of missense mutations in gene TLR4 (TLR4-A896G and
TLR4-C1196T) on severe asthma due to a decrease in
endotoxin response has also been suggested (54).

In relation to the methodological quality of studies
included in our meta-analysis, they all included large
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FIGURE 5.—Forest plot for the association of endotoxin exposure, expressed in endotoxin load per surface area sampled, with any wheeze and asthma in
school-aged children using a random effect model after exclusion of outlier effect size reported by Tischer et al. (33) (Dutch).

sample sizes, in many cases representative of a city
population. With regard to the study design, 8 of
the 19 were cohort studies, allowing the assessment
of temporality between the respiratory diseases and
endotoxin exposure. Exposure to endotoxin was measured
in one single day in almost all the studies, and may have
not been representative of the household. The sampling
period was not specified in many studies, and it has been
suggested that fall and winter seasons could be associated
with lower endotoxin level (55). The outcomes of wheeze
and asthma were reported based on the ISAAC and
American Thoracic Society—Division of Lung Diseases
questionnaires, thus were not physician-confirmed. The
potential biases in individual studies may have affected
the summary effect size in our meta-analysis. Combining
effect sizes adjusted for different covariates or for expo-
sure partitioned differently (tertiles, quartiles, quintiles)
may have reduced the consistency across studies and
influenced the precision of the summary estimates. This
article also included only articles published in English
which may not be representative of all the studies
conducted on the topic (publication and language bias).

CONCLUSION

The present meta-analysis supports previous studies
suggesting that endotoxin exposure protects children

against asthma but exacerbates inflammatory symptoms
on the respiratory system. These findings are consistent
with the “hygiene hypothesis” suggesting that endotoxin
exposure early in life induces airway symptoms and
subsequently promotes a modulation of the immune
response that protects against asthma (46, 56, 57). Further
research needs to investigate the underlying mechanisms
for a better understanding of childhood asthma and the
development of appropriate preventive measures.
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