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Environmental Factors and
Allergic Disorders
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ABSTRACT

Despite numerous studies on possible associations between environmental exposure and allergic disorders,
any conclusions made remain a matter of controversy. We conducted a review of evidence in relation to envi-
ronmental and nutritional determinants and wheeze, asthma, atopic dermatitis, and allergic rhinitis. Identified
were 263 articles for analysis after consideration of 1093 papers that were published since 2000 and selected
by electronic search of the PubMed database using keywords relevant to epidemiological studies. Most were
cross-sectional and case-control studies. Several prospective cohort studies revealed inconsistent associations
between various environmental factors and the risk of any allergic disorder. Therefore, the evidence was inade-
quate to infer the presence or absence of a causal relationship between various environmental exposures and
allergic diseases. However, evidence is suggestive of positive associations of allergies with heredity. Because
almost all the studies were performed in Western countries, the application of these findings to people in other
countries, including Japan, may not be appropriate. Further epidemiological information gained from
population-based prospective cohort studies, in particular among Japanese together with other Asians, is
needed to assess causal relationships between various environmental factors and allergic diseases.
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Especially, it remains unclear whether n-3 polyun-
INTRODUCTION saturated fatty acid intake is preventive against aller-
Recently, the prevalence of allergic diseases has in- gic disorders and whether n-6 polyunsaturated fatty
creased significantly. In 1989 Strachan observed that acid intake increases the risk of allergic disorders.3.
birth order and family size were inversely associated Genetic factors may influence immunologic devel-
with the risk of allergic rhinitis and postulated the hy- opment. However the current rapid rise in allergic
giene hypothesis, which suggests that infections diseases cannot be fully explained only by genetic
within households in early childhood have a role in factors. The complex interplay between immune re-
preventing allergic diseases.! This hygiene hypothe- sponses of the host, the level and variety of the envi-
sis has been given an immunological framework in ronmental exposure, and the interactions between
which the balance between Thl (associated with bac- the genetic background and the range of exposures
terial and viral infections) and Th2 (associated with are likely to affect the development of allergic dis-
allergic diseases) immune responses is pivotal.2 Al eases. To assess the involvement of the gene-
though the Th1/Th2 paradigm has not been con- environment interaction in the onset of allergic disor-
firmed in humans, the hygiene hypothesis has trig- ders, we felt that it would be useful to list candidate
gered numerous epidemiological studies on the rela environmental factors associated with allergic disor-
tion between environmental factors and allergic disor- ders. We have reviewed the scientific literature to
ders. However, so far no data conclusively explain the identify, appraise and synthesize evidence regarding
rising prevalence of allergic diseases. A number of the possible association of various environmental and
epidemiological studies have focused on the relation- nutritional factors with wheeze, asthma, atopic ec-
ship between dietary intake and allergic disorders. zema, and allergic rhinitis.
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METHODS

A literature search of the PubMed database was per-
formed to identify epidemiologic studies in the Eng-
lish language from January 2000 to August 2006 us-
ing the following keyword terms: (asthma OR wheeze
OR “atopic dermatitis” OR “atopic eczema” OR “aller-
gic rhinitis”) AND (risk OR prevalence OR preventive
OR protective) AND (association OR relationship)
AND human AND (cross-sectional OR case-control
OR prospective OR cohort OR intervention) NOT
polymorphism. A total of 1093 studies (original arti-
cles, correspondence, and reviews) were identified.
We scanned the titles and abstracts of these studies
manually to identify those that met the following a
priori criteria: (1) original article; (2) comparative epi-
demiologic study design; (3) wheeze, asthma, atopic
dermatitis, or allergic rhinitis (hay fever) listed as an
outcome. A final set of 263 articles meeting these cri-
teria was identified.4+266

From the 263 papers, we retrieved examined fac-
tors such as environmental and occupational expo-
sure, demographic variables (e.g. sex, age, socioeco-
nomic status), body build, past medications, medical
history, and dietary factors and the results associated
with each outcome: wheeze, asthma, atopic dermati-
tis, and allergic rhinitis. We synthesized the informa-
tion regarding the examined factors and the results
into 3 tables in which the direction of the associations
and the cited reference numbers are listed. The re-
sults were considered statistically significant when
either of the following conditions was met: (1)p value
was less than 0.05, or (2)p for trend between expo-
sure variables and the risk or prevalence of allergic
diseases was statistically significant (<0.05): ‘

Whenever possible we retrieved the results of
analysis of all participants. However, for articles that
presented results for only stratified analysis or that
included two or more studies, we examined each of
the studies presented in the paper separately. Some
studies presented results for several different defini-
tions of an outcome. In these cases we obtained the
results for all definitions available.

RESULTS

OVERVIEW OF INCLUDED STUDIES

The number of studies investigating wheeze, asthma,
atopic dermatitis, and allergic rhinitis as an outcome
was 113, 192, 64, and 78, respectively. Almost all stud-
ies were performed in Western countries, while only
7 studies were reported from Japan.16:41,95,121,189,245,262

SOCIOECONOMIC FACTORS

We identified 74 reports in which the associations be-
tween socioeconomic factors such as socio-economic
status, income, and education and allergic diseases
were identified (Table 1). Half of these results pro-
vided a lack of association. Several studies found a
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lower frequency of allergic illnesses in populations
with low socioeconomic status, whereas others
showed positive associations with socioeconomic
status. It was not possible to draw conclusions from
these observations. Socioeconomic status may
merely reflect predisposition to infections, less strin-
gent control of microbial contamination of water and
food, and/or poorer housing conditions.

SMOKING EXPOSURE )

A number of studies examined the association be-
tween smoking exposure and allergic disorders.
Many, but not all, studies found that active smoking
was positively associated with the risk and prevalence
of wheeze and asthma. Sex difference in the associa-
tion with active smoking was observed in 2 cross-
sectional studies.2223 In a study of New York State
adults, active smoking was inversely associated with
asthma in men (adjusted odds ratio [OR] = 0.49, 95%
confidence interval [CI]: 0.27-0.89).22 Another US
cross-sectional study showed a positive association
between active smoking and asthma in women (ad-
justed OR = 1.43, 95% CI: 1.20-1.64).23 One cross-
sectional study indicated that active smoking was in-
versely associated with the prevalence of allergic
rhinitis: adjusted OR was 0.5 (95% CIL: 0.4-0.7) for
smoking of at least 20 cigarettes a day, compared
with never smoking.123 No association between active
smoking and allergic disorders was observed in 13
studies.

Four cohort studies,31.36,75124 3 case-control stud-
ies, 45.61,126 and 9 cross-sectional stud-
ies,9.25,120,121,128,130-133 showed a positive association
between passive smoking and the risk and preva-
lence of wheeze, asthma, and allergic rhinitis. Most of
the studies found no association between passive
smoking exposure and allergic disorders.

Recently, investigations of the association between
maternal smoking during pregnancy and allergic dis-
orders have been increasing. Several studies found
that in utero exposure to maternal smoking increased
the risk and prevalence of wheeze and asthma among
children born to those mothers.26.3145127,135136 Ip
contrast, no published report suggested an inverse
association between maternal smoking in pregnancy
and allergic diseases in offspring. More than half of
the studies that examined the association between
maternal smoking during pregnancy and allergic dis-
orders found no statistically significant relationship
between them.

In research that assessed smoking exposure by us-
ing a questionnaire and/or interview, exposure mis-
classification was likely to occur. Only one cohort
study found no association between the serum co-
tinine level and 'asthma in adults.59

PET OWNERSHIP
A large number of studies examined the association
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Outcome

Atopic dermatitis Allergic rhinitis (Hay fever)

Asthma

Wheeze

Design

Factors

Others

t:243
t:229

Cross-sectional

Cohort
Cohort

Oil-fire smoke (Gulf War)
Parenting difficulties

Source of water

Case-control
Case-control
Case-control

{Well vs piped)

(River vs piped)

{Spring vs piped)

t : significant positive association
| : significant inverse association
N: not statisticaily significant

DD: Doctor-diagnosed

Numerals in columns indicate reference numbers.

Tanaka K et al.

between pet ownership and allergic diseases, but the
conclusions were contradictory. Several studies re-
ported that pet ownership was associated with a de-
creased risk and prevalence of allergic diseases. In an
Australian cohort study, having had a cat in child-
hood protected against adult asthma, irrespective of
the presence of a cat in adulthood.162 Age at the first
exposure to pets or the critical period (i.e. the time
window of immune maturation) might relate to the
development of allergies. Some cross-sectional stud-
ies showed inverse associations between contact with
a pet or pets and the prevalence of allergic dis-
eases.51.169172 These findings may reflect pet avoid-
ance because of allergic diseases in the family. A
Swedish study showed a decreased prevalence ‘of
wheeze, asthma, and rhinitis among children ex-
posed to pets soon after birth: crude ORs for wheeze,
asthma, and rhinitis were 0.86 (95% CI. 0.78-0.95),
0.82 (95% CI: 0.69-0.98), and 0.78 (95% CI: 0.69-0.88),
respectively.168 However, in that study, adjustment
for pet avoidance apparently changed the results: a
positive association between exposure to pets at the
time of birth and the prevalence of allergic diseases

" was observed. Adjusted ORs for wheeze, asthma, and

174

rhinitis were 1.13 (95% CI: 1.01-1.26), 1.51 (95% CI:
1.23-1.84), and 1.05 (©@5% CIL 0.91-1.21), respec-
tively.168 A potential selection bias should be consid-
ered when interpreting results of the association be-
tween pet ownership and allergic diseases, if avoid-
ance behaviour has not been dealt with properly. A
parental history of allergy also might affect the rela-
tion between exposure to pets and allergic disorders
in offspring. A birth cohort study in Finland found an
inverse association of dog ownership with wheeze
among children without parental asthma, but not
among those with parental asthma.163

DAMPNESS

Epidemiological studies of dampness and allergic dis-
eases have employed a variety of definitions for in-
door dampness such as water leakage, visible mould,
and condensation on windows. Five cohort stud-
ies,3243,75.158,176 4 case-control studies,45128,148.177 and
4 cross-sectional studies,5:86.129.178 examined the rela-
tion between dampness and allergic diseases. One
half found positive associations between indoor
dampness and the risk and prevalence of allergic dis-
orders while no significant associations were ob-
served in the remaining half.

HOUSE DUST ALLERGENS

A number of investigators have examined whether
house dust allergen exposure contributes to the de-
velopment of allergic diseases. In many communities,
house dust mite (designated Der fl1 for one species of
mite and Der p1 for another) is the principal allergen.
Eight reports analyzed the association between house
dust mite allergens and allergies. Among children in
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Australia, Der pl exposure was related to an in-
creased risk of asthma (adjusted OR = 2.04, 95% CIL:
1.08-3.86).5 Most of the studies reported no associa-
tions with house dust mite. A few, however, found
that exposure to cockroach allergen (Bla gl) was
positively associated with the risk and prevalence of
wheeze and asthma.33.5690 The evidence is likely to
be insufficient to infer the presence or absence of a
relationship between indoor allergen exposure and al-
lergic diseases.

INFECTION

It has been argued that bacterial and viral infections
during early life direct the maturing immune system
toward Thl, which counterbalances the proallergic
responses of Th2 cells. Epidemiological studies that
have tested the association between infection and al-
lergic disorders fall into 2 groups: those relating to
specific infections, and those assessing more gener-
ally the burden of infectious illness.

A positive association between the number of infec-
tious diseases and atopic dermatitis was found in a
Danish birth cohort study (adjusted OR = 1.33 [95%
CI: 1.16-1.53] for 3 or more infectious diseases ¢s no
infection).66 A German birth cohort showed a strong
positive dose-response association of the number of
lower respiratory tract infection with the risk of
wheeze (adjusted OR = 3.97 [95% CI: 2.06-7.64] for =
4 infections vs=<1 infection) and asthma (adjusted OR
= 4.46 [95% CI. 2.07-9.64] for =4 infections vs=<1 in-
fection) whereas there was an inverse relationship
between the number of viral infectious diseases and
the risk of asthma (adjusted OR = 0.16 [95% CI: 0.05—
0.54] for =8 viral infections vs=<1 viral infection).202
In several casecontrol and cross-sectional studies,
there were not only no material associations between
infectious illness and allergic diseases but also posi-
tive relationships with infectious diseases such as res-
piratory infection and ear infection. Inverse relation-
ships between infection with hepatitis A, herpes, mea-
sles, and rubella virus and the risk and prevalence of
allergic disease were observed in several investiga-
tions, whereas a cross-sectional study in Finland
found a strong positive association between measles
and asthma (adjusted OR = 1.67, 95% CI: 1.54-1.79),
atopic dermatitis (adjusted OR = 1.32, 95% CL: 1.27-
1.36), and allergic rhinitis (adjusted OR = 1.41, 95%
CIL 1.33-1.49).207

Current evidence regarding associations with com-
mon specific and non-specific infectious illness nei-
ther refute nor support the hygiene hypothesis.

VACCINATION

During the past few decades, mass immunizations
have increased, leading to the hypothesis that certain
vaccines may increase the risk of allergic disorders.
There are theoretical reasons to suspect a possible
association of vaccination with allergies. One possible

Allergology International Vol 56, No4, 2007 www jsaweb.jp/

175

mechanism is a direct impact on the immune system
that leads to raised immunoglobulin E levels/217.218
Another possibility is that vaccination reduces the
burden of childhood illness. One case-control study
reported a significant reduction in the risk of atopic
dermatitis associated with DTP (adjusted OR = 0.66,
95% CI: 0.49-0.89) and oral poliovirus vaccine (ad-
justed OR = 0.62, 95% CI: 0.45-0.85).58 One cohort
study reported that smallpox vaccination was associ-
ated with a decreased risk of asthma, but not allergic
rhinitis.?219 Several cohort studies demonstrated a
positive association between vaccination, such as
DPPT, MMR, and hepatitis B virus vaccine, and
asthma and atopic dermatitis.199.216218 We have insuf-
ficient evidence regarding the association between
vaccination and allergic diseases.

DIETARY FACTORS
Studies regarding the relation between dietary intake
and allergic diseases were limited compared with in-
vestigations with respect to various environmental
factors and allergy (Table 2). Among Italian children,
intake of citrus fruit and kiwi fruit were protective fac-
tors for wheeze (adjusted OR = 0.66, 95% CI: 0.55—
0.78 for those eating fruit 57 times per week com-
pared with less than once per week) and rhinitis (ad-
justed OR = 0.72, 95% CI: 0.63—0.83).247 One cohort
study reported that daily consumption of butter was
associated with a lower risk of wheeze and asthma,
whereas no associations were observed with the con-
sumption of fruit, vegetables, margarine, or fish.30
For margarine intake, two cross-sectional studies
found a positive association with allergic rhini-
tis, 249,250

There were 13 studies on the relation between nu-
trient intake and allergic diseases. One case-control
study showed that alpha-linolenic acid intake was
positively associated with asthma (adjusted OR for
comparison of the fourth with the first quartile = 3.35,
95% CI: 1.29-8.66), but not wheeze.257 Another case-
control study found no association between intake of
alpha-linolenic acid and asthma.248 In contrast, 2
cross-sectional studies observed that alphalinolenic
acid was associated with a decreased prevalence of
atopic dermatitis and allergic rhinitis.249.258 The ratio
of n-6 to n-3 polyunsaturated fatty acid as well as that
of linoleic acid to alpha-linolenic acid intake were not
consistently related to allergic diseases. Although
several studies investigated the relationship of min-
eral intake to allergies, most found no associations.
Two case-control studies indicated an inverse associa-
tion between intake of vitamins C and E and
asthma.48.244 On the other hand, maternal vitamin C
intake during pregnancy was positively associated
with the development of wheeze and atopic dermatitis
during early childhood: adjusted OR the for fifth quin-
tile was 3.00 (95% CI: 1.47-6.12) for wheeze, and 1.56
(95% CI: 0.99-2.45) for atopic dermatitis.25 With re-
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