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PRESENTATION

This work consists of two parts, with the aim to identify modifiable, lifestyle-

related risk factors, such as smoking and diet habits, of allergic rhinitis.

Part one is a systematic review and meta-analysis on active and passive
exposure to tobacco smoking and allergic rhinitis. The objective of this meta-
analysis was to examine the evidence for an association between active smoking
and passive exposure to secondhand smoke and allergic rhinitis in children and
adults. The results of this study were published in the international medical
journal PLOS Medicine with an impact factor (2014) of 14.429, ranked 7th out of

153 journals of general medicine.

Part two of this work consists of a multicenter case-control study, which was
carried out between January 2011 and October 2013. This study had the aim to
shed light on modifiable dietary risk factors of allergic rhinitis. The main
objectives of this study were to determine the effects of a high dietary intake of
proteins, antioxidants and omega-3 and omega-6 polyunsaturated fatty acids on

the occurrence of allergic rhinitis.
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Jurgita Saulyte Introduction

The inflammation of the mnasal mucous membrane, mediated by
immunoglobulin-E (IgE) production, is clinically called allergic rhinitis.
Typically it is characterized by one or more of the following symptoms: nasal
congestion, rhinorrhea, sneezing and itching of the nose which occurs after
certain allergen exposure. Rhinitis is often linked to sinusitis because both block
the sinuses causing an obstruction of the nose. As blocked sinuses are also a
consequence of a number of other disabilities such as common cold, flu or nasal
polyps, differential diagnosis of rhinitis may be difficult. According to specific
allergens and seasonality allergic rhinitis may be seasonal or perennial.
Classification of allergic rhinitis into intermittent and persistent was also
adopted recently to describe duration and severity of symptoms.! Recent data
suggest that gene-environmental interactions are probably the most important

risk factors for atopic diseases such as allergic rhinitis.>4

Allergic rhinitis is one of the most prevalent of all allergic disorders and has
high direct and indirect cost as well as substantial impact on the quality of life,
since it affects patients well-being and behavior and has serious impact on work
and school performance. Over 600 million people suffer from allergic rhinitis
worldwide and this number is constantly increasing, especially in developed
and industrialized countries.>® Since this condition may be frequently
trivialized (by the patient) and unrecognized (by the doctor), resulting in
inadequate control of symptoms, this number probably underestimates the true
magnitude of the disease which makes of it an important Public Health

problem of this century.”

Allergy is classically considered to result from an IgE mediated reaction that
causes inflammation. In the case of rhinitis, inflammation occurs in the nose
lining and may be of variable intensity.! In the allergic rhinitis disease, the
process of allergen sensitization involves the participation of eosinophils,
metachromatic cells, IgE-positive cells, macrophages and monocyte-like cells,
which are redistributed towards the nasal epithelial surface due to exposure to

allergens.® Allergic reactions in allergic rhinitis occur in 2 phases according to

Epidemiologic studies of the risk factors of allergic rhinitis 17



Introduction Jurgita Saulyte

time sequence: one early phase 30 minutes after contact with allergens that
causes sneezing and rhinorrhea, and one late phase, 6 hours after contact that

produces nasal obstructions.?

1.1. CLASSIFICATION

According to the causes that induce rhinitis symptoms, this disease is divided
in to three main groups: allergic rhinitis, non-allergic rhinitis and rhinitis of
unknown factors. The ARIA Workshop Group in collaboration with WHO
proposed a detailed classification, similar to that published by the International
Rhinitis Management Working Group in 1994.110 The classification of rhinitis is

shown on tablel.

Based on the type of allergen that causes the disease, the division of rhinitis into
seasonal, perennial and occupational was used for a long time. When allergic
rhinitis is caused by outdoor allergens, e.g. trees grass and weed pollens, it is
often referred to as seasonal allergic rhinitis (SAR), or “hay fever”. Indoor
allergens are usually present in perennial allergic rhinitis (PAR).1° These may
include dust mites, molds, animal allergens, cockroaches or certain
occupational allergens, as well as pollen in areas where pollen is prevalent

perennially.

In 2001 a new classification of allergic rhinitis was proposed by the ARIA
Workshop Group and was updated in 2008.111 It recommended to replace the
terms “seasonal” and “perennial” allergic rhinitis by “intermittent” and
“persistent” according to the duration of the symptoms and included additional
description of the severity of the disease. Intermittent allergic rhinitis is
diagnosed when symptoms last for less than 4 days a week or less than 4
consecutive weeks, while persistent allergic rhinitis is diagnosed when
symptoms persist for more than 4 days/week and more than 4 consecutive

weeks. Severity levels of “mild” and “moderate/severe” are used to measure
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the effect of symptoms on sleep, work, and other activities. However, this new
classification should be evaluated critically, because its validity is still
unknown. Several studies confirm that there are no associations between the
intermittent/ persistent and the seasonal/perennial classifications and therefore
these concepts cannot be used as alternative names for the same type of the
disease.!>14 Finally, since this would not lead to a difference in treatment, the
ARIA experts propose continuing to classify the severity of rhinitis as “mild”

and “moderate/severe”.1

Table 1. Classification of rhinitis1.10

1 « Allergic
Intermittent (old term “seasonal’)

Persistent (old term “perennial’)
2 « Infectious
Viral
Bacterial
Other infectious agents
3 * Other
Occupational (allergic and non-allergic)
Intermittent
Persistent
Drug-induced
Hormonal
Idiopathic
Other causes
NARES (non-allergic rhinitis with eosinophilia syndrome)
Irritants
Food
Emotional
Atrophic
Gastroesophageal reflux

Occupational allergic rhinitis develops in response to airborne substances in the
workplace, such as grain, wood dusts or chemicals.’® Chronic nasal symptoms
without allergic cause are the consequence of non-allergic rhinitis. One of the

most common subtypes of non-allergic rhinitis is vasomotor rhinitis which is
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defined as nasal symptoms which are not caused by an infection or allergy. The
exact cause is unknown and symptoms are triggered by something that irritates
the nose, such as temperature or barometric pressure changes, air pollution
(including tobacco smoke), perfumes/fragrances, alcohol, medications, spicy

foods or even strong emotions.1>

1.2. DIAGNOSIS

The diagnosis of allergic rhinitis relies mostly on medical examination based on
specific questions on existing symptoms, time of onset and duration. As allergic
rhinitis is an IgE-mediated immune response against allergens, serum IgE
concentration may be measured and skin prick tests (SPT) to common inhaled
allergens performed.! However the detailed assessment of symptoms, including
their severity, is of utmost importance in the diagnosis. One should first
determine whether the rhinitis is allergic or nonallergic and differentiate it from

other conditions that have similar symptom:s.

According to criteria proposed by Allergic Rhinitis and its Impact on Asthma
workshop directed by World Health Organization,! patients with rhinitis have
specific nasal symptoms which are rhinorrhea, nasal obstruction and nasal
itching with sneezing. Other relevant symptoms may also be present: itching or

watery eyes, postnasal drip, wheezing, chronic cough or headache.

Typically, rhinitis is non-allergic when allergy has not confirmed by proper
examination, such as history, SPT and measurement of serum specific IgE
antibodies.!1® However allergic rhinitis has some typical symptoms that helps
differentiate it from the non-allergic form: nasal secretion is more watery and
colorless, and symptoms usually are caused by specific allergens like house
dust mites, pollen or animal dander. It is more often accompanied by ocular

symptoms like itchy or watery eyes.® Non-allergic rhinitis causes more
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obstructive rhinorrhea and is triggered by factors such as humidity, tobacco

smoke and changes in temperature..1”

After the diagnosis of allergic rhinitis has been confirmed, the differentiation of
the subtype may be assessed according to the criteria mentioned above.
Usually, perennial allergic rhinitis is identified when patients have frequent,
non-seasonal, nasal or ocular symptoms. It often overlaps with sinusitis,
respiratory infections, and vasomotor rhinitis.18 Seasonal allergic rhinitis is
easy to identify because of the rapid and reproducible onset and offset of
symptoms in association with pollen exposure. It is common that allergic and
nonallergic rhinitis occur in the same patient and produce what is called

“mixed rhinitis”.1>
Differential Diagnosis

Allergic rhinitis is frequently associated with other allergic and non-allergic
conditions, such as sinusitis, conjunctivitis, otitis media, sleep apnea, and
fatigue.1®21 Sinusitis coexists in between 3.6% and 12.5% of allergic rhinitis
patients.192022 Poorly controlled allergic rhinitis may lead to the development of
other nasal or sinus diseases, such as recurrent nasal polyps or acute and
chronic sinusitis, ear disorders, such as otitis media, and hearing impairment;
conditions caused by mouth breathing resulting from chronic nasal congestion,
abnormal craniofacial development in children; sleep apnea and related
complications.?-226. Two common medical conditions, otitis media and
sinusitis, are often caused by obstruction of the Eustachian tube and sinus
ostium due to allergic rhinitis. Patients with allergic rhinitis have significantly
more respiratory and non-respiratory co-morbid conditions than patients

without rhinitis.19-21

Allergic rhinitis is also closely associated with other allergic conditions such as
asthma, dermatitis and food allergies. Recent studies have suggested that these
diseases are but one unique set of IgE-mediated allergic conditions, linked by

the common thread of “atopic march”.?” It was stated that this sequence usually
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starts with allergic dermatitis during infancy and eventually progresses to food
allergy, allergic rhinitis, and finally asthma (inflammation of the airways).
These diseases often co-exist in the same patient and can predict the occurrence

of each other.28

1.3. BURDEN OF THE DISEASE

Although allergic rhinitis is very frequent, the real incidence of this disorder
remains unknown, while its prevalence ranges between 10 and 55% in
Europe.??30 The epidemiologic studies that assess the prevalence of this
disorder often lack objective allergen skin testing data, most of them have small
sample sizes and are based on questionnaire information only. In addition, self-
reported seasonal or perennial rhinitis symptoms significantly overestimate the
prevalence of allergic rhinitis defined by a positive history and positive allergy
tests. The various nonallergic causes of rhinitis may also lead to inaccurate

prevalence estimates.
Incidence

Incidence data worldwide are scarce. Using nation-wide data of primary care
institutions, an increase in the recorded incidence of allergic rhinitis was
observed between 2001 and 2005 in England: the age-sex standardized
incidence of allergic rhinitis was 5.57 per 1000 person-years in 2001 and
increased by 33% to 7.41 per 1000 person-years in 2005.3! These figures are
probably underestimated due to the fact that about 19% of patients with allergic
rhinitis symptoms do not consult a general practitioner.3? Furthermore, non-

symptomatic cases with positive allergy tests are common.
Prevalence

Allergic rhinitis is an extremely common disease affecting 9.5-40.9% of the

European population.?? Up to 47% of children and up to 55% of adults suffer
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from this disorder worldwide.133-35 Most of allergic rhinitis patients suffer from
perennial allergic rhinitis, although a large part of them present rhinitis of
mixed etiology, involving sensitization to more than one trigger and
manifestation of seasonal and perennial symptoms.” Within the population
with allergic rhinitis, about 40-55% of the cases are found to be perennial and

11-49% seasonal, 4 to 40% of which have mixed etiology.13181936

Authors have used both the seasonal/perennial and the intermittent/ persistent
classifications. Bauchau et al. used both classifications.’®> Among allergic rhinitis
patients 71% were found to be intermittent and 29% persistent. On the other

hand, 49% of the cases were seasonal and 52% perennial.3

Some studies measure the prevalence of “allergic rhinitis symptoms ever” while
other use the prevalence of current allergic rhinitis.”3® The difference between
the 2 measurements may be large: 9.4% vs. 41.6% for Graif et al. using different
definitions of prevalence may lead to conflicting results for the same
population.?” In addition, the fact that patients with perennial allergic rhinitis
have more severe symptoms and higher self-awareness may lead to more

frequent visits to a doctor.1319.22

The season of the year in which data are collected may influence the results
since the incidence of seasonal allergic rhinitis symptoms can be significantly
reduced out of the pollen season. The correct case assessment is one of the most
complicated goals in studies in which there is no possibility either to carry out
an interview of each participant or to obtain laboratory evidence of the immune
response. Moreover, it was disclosed, that even when the diagnosis was based
on skin prick test results there have been considerable differences in estimations
of prevalence and incidence of atopy in populations, depending on the

definition of skin prick test criterion used.111
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Differences in the severity

Two-third of allergic rhinitis patients suffer from moderate/severe symptoms
of the disease.l®203% Bousquet et al. have examined 3000 allergic rhinitis
patients, consulting general practitioners, and found that 93% of the cases we
moderate-to-severe rhinitis and only 7% were mild.4® However, the Iberian
Study of Aeroallergens Sensitization in Allergic Rhinitis revealed a higher
prevalence of mild forms in intermittent allergic rhinitis in Spain and Portugal
(82% and 92% respectively),* although persistent types of rhinitis showed
exactly the same proportion of severity in both countries, 44% mild and 56%
moderate/severe. Usually, subjects with persistent allergic rhinitis have more

severe symptoms and higher degree of self-awareness of this disease.13192241
Differences in the prevalence around the world

As mentioned before, the prevalence of symptoms related to allergic rhinitis
varies widely all over the world. The lowest prevalence was reported in the less
industrialized parts of the world. The European Community Respiratory
Health Survey (ECRH) revealed that these symptoms are generally lower in the
Mediterranean region (northern, central and southern Europe) and higher in
the British Isles, New Zealand, Australia and the United States, with wide
variations even within some countries.?#42 The Prevalence and Rate of Allergic
rhinitis in Europe study (PAN-European) confirmed the same in 2001, reporting
that allergic rhinitis has a higher prevalence in Western Europe.” However the
International Study of Asthma and Allergies in Childhood (ISAAC) revealed
the lowest prevalence of rhinoconjunctivitis in parts of Eastern Europe, south
and central Asia.#3 The most common explanation of the fact that geographical
pattern is consistent with the distribution of atopy is that these geographical

variations most likely occur due to differences in environmental factors.4243
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Changes in the prevalence over the years

One more reason that increases the concern of all researchers over the world is
that the prevalence of allergic rhinitis is increasing, especially in developed and
industrialized countries.673143-45 According to the largest cross-sectional studies
conducted in different years, the prevalence of allergic rhinitis was increasing
steadily by 5% in the past and still continues to increase by 5%-20% in the past
15 years.3145-48 This increase is confirmed by many descriptive analyses dealing
with various medical data bases, collected over the past decades.t4%50 This
increase concerns severe cases essentially. Mild cases were found to be

decreasing.4>48

1.4. IMPACT ON QUALITY OF LIFE AND ECONOMIC COST

In addition to the characteristic nasal and ocular symptoms, patients may also
experience fatigue, headache, disrupted sleep patterns and reduction in
cognitive processing, psychomotor speed, verbal learning and memory.?> As a
result, allergic rhinitis causes significant impairment on quality of life.?251-53
Most often health-related quality of life is correlated with disease severity and
with the number of days in a defined period of time, in which the symptoms
are absent.1%22 Two-thirds of patients with allergic rhinitis report impact from
the symptoms on daily activities and more than half experience sleep
disruption.’®20 Not only quality of life but cognition scores are significantly
worse in subjects with allergic rhinitis compared to those without.525¢ The
Burden of Rhinitis in America survey found that only 3.6% of subjects with
allergic rhinitis symptoms experienced 100% sleep adequacy compared with
11.7% of subjects with non-allergic rhinitis symptoms and 19.2% of subjects
with no symptoms at all.>2 Most often, this sleep inadequacy consists of factors,
such as having trouble falling asleep, waking up several times at night and

having trouble staying asleep.?
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Poor night sleep has an impact on daily activities and work/school
performance. About two thirds of allergic rhinitis patients report the negative
influence of their symptoms on work/school performance and other daily
activities.?2525457 However, some data are contradictory. The Spanish
“Alergologica-2005” study revealed that school performance was considered to
be good in 79% of children with allergic rhinitis despite the fact that the large
majority of them (87%) reported having at least one episode of allergic rhinitis
in the previous year which caused absenteeism for several days.?> But still,
health-related quality of life perceived by these patients was lower than that of

the general Spanish population.

In the US, it was estimated that in 1994 allergic rhinitis resulted in
approximately 811.000 missed workdays, 824.000 missed school days, and
4.230.000 days of reduced activity.?® These figures increased considerably and
now they are as follows: 3.5 million lost workdays and 2 million lost schooldays
annually.’® Worldwide, symptoms related to allergic rhinitis cause a total of 28
million days of reduced function or productivity each year.6 Comorbid
conditions such as asthma and sinusitis can be disabling as well, resulting each
year in more than 10 million missed school days and more than 73 million days
of restricted activity, respectively.? In addition, all these effects lead not only to
social harm, but also to substantial economic - direct, indirect, and hidden

COStS.51’60-62
Direct economic cost

The economic impact of allergic rhinitis is high. Direct costs can be medical:
such as the cost of medications, medical consultations, emergency room visits,
diagnostic testing, home health-care devices, and hospitalizations.?® It was
estimated that direct medical expenditures for the diagnosis and treatment of
allergic rhinitis divides into the three main groups: outpatient services, which
accounts for the majority of the expenditures (63%), medications (25%) and

inpatient services (12%).3 Overall, about 14.1 million visits to a physician are
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attributed to allergic rhinitis in the United States each year.®* The use of
medication, especially of antihistamines, is increasing sharply over the
world.203135 The average annual cost of seasonal allergic rhinitis in Germany is

€1089 per child/adolescent and €1543 per adult.®

Almost all studies that estimate the economic burden of allergic rhinitis were
conducted in the United States. In 1996, the estimated cost when
rhinoconjunctivitis was the primary diagnosis was $1.9 billion. As a secondary
diagnosis it was $4.0 billion, which gives a total of $5.9 billion for the overall
direct medical expenditures.®3 In 2002 the cost of allergic rhinoconjunctivitis as
the primary diagnosis was estimated at $2.35 billion and as secondary diagnosis
at $4.95 billion.%¢ Total expenditures were estimated at $7.3 billion ($4.58 billion
for outpatient services, $1.86 billion for medications, and $0.87 billion for

inpatient services).
Indirect economic cost

A significant number of lost workdays and lost schooldays annually, as well as
side effects of treatment related to allergic rhinitis, lead to high indirect
expenditures. Lost productivity can be assessed in terms of absenteeism from
work and reduced working capacity, including caregiver absenteeism (absence
from work to take care of a sick family member).6” There are very few studies
designed to measure the indirect cost of allergic rhinitis, especially in Europe. In
Sweden, the mean annual productivity loss for allergic rhinitis and common
cold together was estimated at 5.1 days or €653 per worker, yielding a total

productivity loss of €2.7 billion in this country.¢”

Medicines that mitigate the symptoms of allergic rhinitis usually contain
sedating antihistamines which are known to have central nervous system side
effects such as somnolence and impaired learning, memory, and performance
which increases the risk of acute injury.5561.68 Indirect medical cost associated
with traumatic injury in patients with allergic rhinitis was estimated at $143

million in 2001 in the United States.6!
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It was disclosed that people with allergic rhinitis despite their nasal congestion,
sneezing, rhinorrhea, and other symptoms, often do not seek medical advice,
which leads to more severe health complications and increases the probability
of using an inadequate medication. It was estimated that approximately 39
million persons in the United States experienced allergic rhinitis. However, only
12.3% (4.8 million) sought medical treatment for this condition.?® The fact that
allergic rhinitis remains widely untreated or treated inadequately leads to a
dramatic increase in the cost of treating comorbid conditions such as asthma,

recurrent nasal polyps, sinusitis, and chronic otitis media.35586970

In Europe, allergic rhinitis remains widely untreated and produces high
economic cost. It was calculated that the decrease in lost productivity of 1 day
per individual and year would potentially save approximately €528 million in

each of the European countries.®”

1.5. RISK FACTORS

According to ARIA Workshop Group, allergic rhinitis is a multi-factorial
disease induced by gene-environment interactions.! The most plausible cause of
the increased prevalence over the last decades may be related to changes in the
risk factors related to environment and lifestyle: diet, stress, pollution,
immunizations and patterns of infection in childhood.1»”! The ‘hygiene
hypothesis’ associated with the greatly improved sanitation, typical of a
western lifestyle, is gaining credibility.11717273 The so called “hygiene
hypothesis” states that early life exposures to infectious agents influence the
development of the immune system in a manner that reduces a child’s
likelihood of developing atopic diseases like allergic rhinitis and asthma later in

life.”3
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1.5.1. Intrinsic factors
Genetic factors

Familial aggregation of cases of allergic rhinitis suggests that a common
predisposing genetic factor might be involved in to the occurrence of this
condition. The most important mechanism needed to trigger an episode of
allergic rhinitis is the production of IgE. Through this mechanism important
mediators such as cytokines and adhesion molecules are produced. Genes that
encode total IgE response or functions of IgE receptors, as well as genes that
mediate in the inflammation process are involved. They are essentially genes of
interleukin (IL) (IL-4, IL-4R, IL-3, IL-28RA) or calcium-binding proteins such as
S100A7.

Recently, several single nucleotide polymorphisms (SNP) in different genes,
such as S100A7, IL-28RA, and IL-18, were implicated in the occurrence of the
disease.”#76 A locus in 11q13 is found to be important in the regulation of IgE,””
and 14q11.2 is reported to be a susceptibility locus for allergic rhinitis and
asthma.”8 It should be emphasized that the role of the polymorphisms could be
twofold. On the one hand, they could be an independent risk factor of allergic
rhinitis. On the other hand, they could act as effect modifiers of other non-

genetic factors.

Since allergic rhinitis, asthma and atopic dermatitis share common systemic
characteristics, it is reasonable to consider that a number of susceptibility genes

could contribute to the allergic process regardless of the specific clinical

phenotype.

Family history (Heredity)

Probably the best established risk factor for allergic rhinitis is history of allergic
rhinitis in family members.33447980 Compared with children whose parents are

not atopic, children with one atopic parent develop allergies twice more often
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and frequently at older age. Children with two atopic parents develop allergies
almost four times more often and tend to be symptomatic already in
childhood.8! Moreover, according to recent findings, a family history of rhinitis
increases the risk for the comorbidity of rhinitis and asthma from 4 to more

than 11 times. 4182
Age and Gender

As it was mentioned before, the history of atopic disease usually begins in
infancy and early childhood with atopic dermatitis and food allergy and
progresses to allergic rhinitis and/or allergic asthma later in life.107083 A sharp
increase in the lifetime prevalence of allergic rhinitis is observed in males and
females during the first two decades of life (children and adolescents), with the
highest prevalence at the age of 15-19 years.3143478 Thereafter, lifetime
prevalence is observed to steadily decline in both sexes. In general, allergic
rhinitis was found to be more common in the population whose age varies
between 10 and 24 years.’43 Analyzing the difference between types of rhinitis,
some studies reveal that perennial allergic rhinitis is more common in adults
than in children, while seasonal allergic rhinitis is more frequent in young

population.8084

Differences between sexes are observed as well. Whilst lifetime prevalence of
allergic rhinitis is higher in males before the teenage prevalence peak (children
and adolescents),3145808385 in the following years (young adults) female

prevalence exceeds that of males.”.31468386
Stress

Stress occurs when individual perceive that environmental demands challenge
an individual's adaptive capacity, or ability to cope.?” Typically psychological
stress is associated with negative life events such as job loss, death of a loved
one, family conflict and similar. It seems that psychological stress operates by

altering the magnitude of the airway inflammatory response to environmental
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triggers, allergens, and infections and, in doing so, increases the frequency,
duration, and severity of patients' symptoms.? This mechanism is also thought
to be mediated by the effects of stress on neuro-immune regulation, which in
turn modulates the hypersensitivity response. An indirect mechanism was also
suggested, revealing that the relation between psychosocial factors and atopic
disorders might be mediated via behavioral and socioeconomic pathways, such

as stress induced changes in diet, smoking or other daily habits.8

In general, it was suggested that depression and anxiety have robust effects on
the atopic disease, which indicates that psychosocial factors are involved in
both the development and prognosis of atopic disorders.?” Individuals suffering
recurrent depression were diagnosed to have allergic rhinitis three times more

often than psychiatrically healthy controls.?

Personality characteristics seem to play a role as well. Traits such as anxiety and
stress vulnerability in situations characterized by failure, job overload or social
conflicts were significantly higher in patients suffering from allergic rhinitis.”? It
was found that anxiety enhances the effects of stress even in late phase allergic

responses.*

However, it is not clear yet whether stress is a cause of allergic rhinitis or a
consequence of it. Does stressful lifestyle cause the development of allergy or,
on the contrary, do allergy symptoms affect patient’s mental stability? Few
studies proposed that hay fever by itself increases the risk of panic attack in
patients.8%92 It was found that the effect of atopic disease on future mental
health was stronger than that of psychosocial factors on the development and

progression of atopic disease.

Some studies found out that stress-relieving activities, such as listening to
music, may decrease allergic responses in atopic individuals, whereas stress-

inducing activities, such as playing video games, had the opposite effect.”
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1.5.2. Extrinsic factors
Diet

Lifestyle habits are the one that can be manipulated in order to prevent a
disease. One of the most important components of lifestyle that has an influence
on human’s health is nutrition. A general overview of recent data on the effect
of macro and micronutrients on allergic rhinitis is displayed in table 2. We also
included asthma in this overview, since these both conditions are closely related
to each other and share many risk factors. The outcome “allergic diseases in
general” was added to this review as many studies analyzed their data without
differentiating the outcome, using atopy as a case definition. Results are not
uniform in their conclusions. This may be due to different reasons: different age
structure of the population, differences in data collection and study design, and
above all, measurement error and misclassification, very frequent in nutritional
studies. Moreover, most of the studies analyzing the impact of diet on allergic
rhinitis did not correct for energy intake, due to the fact that diet questionnaires
are usually incomplete and do not allow to calculate the total daily calorie
intake. Also it is important to mention that the large majority of the studies
focuses on children and high-risk families in which relatives are atopic of have

antecedents of atopy.
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Fats

The effect of a diet rich in fat is widely analyzed in recent studies. Nevertheless,
it is difficult to give a general picture of the effect of fat, because different types
of fatty acids may act in opposite directions in the human body systems. Some
fatty acids are described as having a protective effect on allergic rhinitis (for
example omega-3), while others (such as omega-6 and omega-9) usually have
no effect or are related to increased risk of allergy. Moreover, results within the
same groups of fatty acids use to vary between studies as well. However, most
of these studies are cross-sectional and results should be interpreted with
caution, since this study design does not establish a relation between cause and

effect properly.

Depending on the length of their chain, fatty acids are divided in three main
groups: saturated, monounsaturated and polyunsaturated. There are two
essential fatty acids in the human nutrition that are required by the body but
which cannot be produced in sufficient quantity from other substrates, and
therefore must be obtained from food: alpha-linolenic acid (one of the omega-3

fatty acids) and linoleic acid (one of the omega-6 fatty acids).

Generally, intakes of saturated, monounsaturated and total fats (especially
palmitoleic and oleic acids) are positively associated with increased risk of
allergic sensitization and manifestation of atopic diseases like allergic
rhinitis.100150152 Usually food of animal origin food such as meat, butter, milk
and cheese are the main source of these saturated and monounsaturated fatty
acids. The role of polyunsaturated fatty acids is controversial and depends on

the length of the chain.
Polyunsaturated fatty acids

There are two main families of polyunsaturated fatty acids: omega-3 and
omega-6. According to recent studies, some of the omega-6 polyunsaturated

fatty acids (especially arachidonic acid) are related to an increased risk of
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allergic rhinitis,!33153 while omega-3 polyunsaturated fatty acids act to oppose
the action of omega-6 and are inversely associated with the risk of allergic
sensitization and allergic rhinitis.100133143 Polyunsaturated fatty acids are
essential in ensuring the correct environment for the function of membrane
protein, by maintaining membrane fluidity and regulating cell signaling, gene
expression and cellular function. It was suggested that through these actions
polyunsaturated fatty acids can actually influence the functioning of the
immune cells and thus could have an impact on the development and
manifestation of atopic diseases.!> One of the key links between these fatty
acids and the immunological processes related to atopy may be via eicosanoids,
which are signaling molecules and are derived from either omega-3 or omega-6
fatty acids. Eicosanoids act on inflammatory cells, smooth muscles and
epithelial cells, and thus are strongly implicated in different immunologic

features and clinical manifestations of atopic disease.

The main dietary sources of omega-3 are seeds oils, such as flax and hemp, and
all type of marine food, including marine algae. This may be one of the reasons
why a higher amount of fish in the diet is protective against allergic rhinitis.!33
Early age at introduction of fish in the regular diet was even dose dependently
associated with a decreased risk of allergic rhinitis,'3* and reduction of atopy or

allergy risk ranged between 22% and 80% with higher consumption of fish.133

Most often, omega-6 polyunsaturated fatty acids are linked to an increased risk
of allergic rhinitis via increased potential to produce pro-atopic and pro-allergic
eicosanoids, derived from arachidonic acid (C20:4).95145148150,152153 Omega-6
polyunsaturated fatty acids also participate in the production of E2
prostaglandin, a derived product that shifts the Th1/Th2 balance in the Th2
direction, which favors allergic diseases such as allergic rhinitis.’?% On the other
hand, a higher production of prostaglandin E2 and prostaglandin 12 also is
associated with inhibition of allergen-induced inflammatory responses, what
consequently could play a role in the decrease of allergic conditions like

rhinitis.1#4 The role of omega-6 is not clear enough, and up to now studies that
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analyses impact of consumption of omega-6 fatty acids on allergic rhinitis or

atopy in general vary between protective and harmful effects. (Table 2)

In contrast, omega-3 polyunsaturated fatty acids, such as eicosapentaenoic acid
(C20:5 n-3), inhibits the conversion of arachidonic acid (20:4 n-6) to
prostaglandin E2 and leukotriene B4, oppose the action of omega-6 and, thus, is
negatively associated with allergic rhinitis.100133 This biological mechanism of
opposite actions of omega-6 and omega-3 polyunsaturated fatty acids suggests
that the risk of allergic rhinitis increases with an increasing ratio of omega-
6/omega-3 intake. However, after summarizing the published data, no
substantial association between the ratio of ingested omega-6 and omega-3
polyunsaturated fatty acids and allergic rhinitis or sensitization may be drawn
since results are contradictory (table 2). Usually, in a typical western diet, the
proportion of omega-6 is much higher than that of omega-3 polyunsaturated
fatty acids. Furthermore, it was disclosed that the daily intake of omega-6
polyunsaturated fatty acids increased over the second half of the twentieth
century, what relatively overlaps with increasing prevalence of atopy and its

clinical manifestations.133

Unlike omega-3 and omega-6 fatty acids, omega—9 are not classified as essential
fatty acids. They are component of olive, macadamia nuts, rapeseed and some
other oils. Most of the published studies found no effect of these fatty acids on
the development of allergic rhinitis symptoms. (Table 2). However, oleic acid
(18:1 n-9), one of the most important components of the omega-9 group, was

related with increased risk of allergic rhinitis in a few studies.100.150
Mediterranean diet

The Mediterranean diet is defined as a dietary pattern usually used among the
populations around the Mediterranean Sea. It is reported as a model for healthy
eating and better quality of life.163164 Common components of the
Mediterranean diet include high monounsaturated/saturated fat ratio; high

consumption of vegetables, fruit, legumes, and grains; rich in fish and seafood;
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and moderate consumption of milk and dairy products.1651% The
Mediterranean diet is then rich in both antioxidants and cis-monounsaturated
fatty acids. Most of the studies have found that good adherence to this diet
protects from allergic rhinitis. (Table 2) Typically these studies were conducted
in children and adolescents, indicating protecting role for atopic diseases in the

tirst years of life or even later in life.%6.164
Minerals and vitamins

No firm conclusion can be drawn in relation to minerals and vitamins. The
beneficial effects of antioxidants on human health are well known, however,
different vitamins with antioxidant activity were found to act diversely with
regard to allergic rhinitis symptoms. (Table 2) Vitamin E is revealed to have a
protective effect on allergic diseases, while high consumption of beta-carotene
increases the risk of allergic rhinitis according to most studies. Vitamins A and
C do not show any substantial effect on allergic rhinitis, and only asthma and
atopy were found to be less prevalent in subjects consuming more of these
vitamins. The most probable explanation could be that some of the substances
can act as either antioxidants or pro-oxidants, depending on the circumstances.
(Herbert, 1996) However, fruits and vegetables protect against allergic rhinitis,
according to most studies. Early supplementation with multivitamins during
the first years of life was also associated to reduced risk of allergic rhinitis later

at school age.1¢”

Studies that analyze the effect of specific minerals on the occurrence of atopic
diseases are scarce. Apparently, a higher consumption of minerals tends to

protect against allergic disease.
Fast food / Food additives

High consumption of fast food was reported to increase the risk of rhinitis and
asthma symptoms in children and adolescents. Respiratory allergic diseases in

children have been correlated with frequent consumption of hamburgers, salty-
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snack eating and frequent takeaway food consumption. These associations were
more significant in children with sedentary lifestyle, such as watching
television or playing video games. It was suggested that dyes and
preservatives, used widely in this kind of food, can act as occupational

allergens and contribute to the induction of rhinitis symptoms.38168,169
Non-allergic mechanism of food induced rhinitis

Some food items and alcoholic beverages may induce rhinitis symptoms by
unknown, non-allergic mechanisms.! For example, some spicy foods such as
red pepper can induce rhinorrhoea probably because they contain capsaicin,
which stimulates sensory nerve fibres inducing them to release tachykinins and
other neuropeptides.’”0 Rhinitis caused by this type of triggers is very rare and

is called food-induced rhinitis.1.167.171,172
Alcohol consumption

Despite the lack of data regarding alcohol consumption and atopic diseases,
epidemiologic studies suggest that alcoholic beverages have an influence on
allergic sensitization.!.173174 It was reported that the risk to have positive skin
prick test tended to increase with increasing consumption of alcohol, although
these results were not statistically significant.1”* According to one cohort study
conducted in women, with a follow up period of 7.8 years, alcohol consumption
was positively associated with the risk of developing perennial allergic rhinitis
(adjusted odds ratio (OR) 1.78 (95% CI, 1.13-2.80) for women drinking more
than 14 drinks/week), while there was no association between alcohol
consumption and seasonal allergic rhinitis.’® In cross sectional study of adult
men and women, higher amounts of alcohol consumed were inversely
associated with occurrence of allergic rhinitis symptoms.1®® Authors explain
that the observed negative association may be a healthy-drinker effect: having
respiratory symptoms may cause changes in the behavior towards alcohol

consumption and the tendency to avoid it. No evidence was found that prenatal
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alcohol exposure increases the risk of allergic rhinitis and asthma in

childhood.160
Smoking

Smoking is related to numerous diseases. Indeed, the fact that almost 80% of
European children and adolescents are exposed to second hand tobacco smoke

supposes an important Public Health problem.17

A number of studies have examined the association between smoking exposure
and allergic disorders, including allergic rhinitis. However the results are
conflicting and divide into three parts: revealing that smoking increases the
risk, that there is no effect or even those, proclaiming the preventive effect of
smoking on allergic rhinitis.’5%176-178 Despite these findings, it seems that age
may have an essential role as a modifier of the relation between smoking and
allergy. We have carried out a systematic review and meta-analysis of active
and passive smoking and the risk of allergic rhinitis, allergic dermatitis and
food allergies. The risk of allergic rhinitis was modestly increased only in
children for both active and passive smoking, while in the adult population the
association was weak.1”? This finding suggests that, in countries where smoking
is frequent, 14% of allergic rhinitis among children may be attributable to active
smoking. The mechanism involved is that smoking increases nasal responses to
allergen in atopic subjects and increases IgE, immunoglobulin G4 (IgG4), and
post-allergen histamine levels in nasal lavage fluid.’80181 The immaturity of the
respiratory, nervous and immune systems of children makes them more
vulnerable to the harmful health effects of tobacco smoke.182 Furthermore,
smoking facilitates sensitization to perennial indoor allergens, such as animal

dander, as well as to some outdoor allergens such as pollen.183
Environmental factors

Indoor and outdoor air pollutants are those elements of the environment that

influence the presence of specific allergens, which are the targets of the IgE-
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mediated immune response.’8! Improvement in the socioeconomic status of
individuals is associated with improvement in lifestyle and greatly modernized
domestic and professional working conditions, especially of individuals who
spend more time indoors. There are evidences that an association exists
between the time spent indoors and the changes in patterns of sensitization to
allergens.184 Outdoor pollution has a significant influence, especially since the
transport-related carbon emissions from growing motorized land vehicles and
aviation are raising constantly.18 The exploitation of fossil fuels is inherent to
modern life and has been a key element of the rapid technological, social and
cultural changes of the last 250 years.18¢ Although such changes have brought
considerable benefits, this exploitation has also contributed to a burden of
illness, such as allergic disorders, through pollution of local and regional
environments. These findings could confirm the observations made years
earlier among migrant populations in the United Kingdom.!8” In the late 1960s
Morrison Smith with colleagues reported that the prevalence of asthma in
Asian and West Indian children, who were born in the United Kingdom, were
very similar to those of English children. However, the prevalence in immigrant
children, who were born in their native countries, were generally much lower
than those of children born in the United Kingdom. These data suggested that
environmental events occurring very early in life, perhaps shortly after the birth
have an impact on development of allergic conditions, such as allergic rhinitis
and asthma in children, and environmental and lifestyle changes, implying

more polluted environment, may be one of the crucial factors.

Studies, that have been analysing the sensitization to the major indoor and
outdoor allergens, have indicated that most common ones in patients with
allergic rhinitis are: house dust mites, mould, pollen and animal dander.188-191
Which allergens - from indoor or outdoor environment - are more common in
allergic patients, depends also on living area. Urban populations may be less
frequently sensitized to pollens, but more frequently sensitized to cockroach

and other indoor allergens compared with residents from rural areas.19218

50 Epidemiologic studies of the risk factors of allergic rhinitis



Jurgita Saulyte Introduction

Indoor environment

The most common indoor allergen, associated with allergic rhinitis is house
dust mite, the effect of which rises with increasing exposure level.41,44193-195
Other factors, such heating type, temperature, or ventilation, have a significant
influence on the amount of dust mite indoors. It was observed that a constant
warm and humid climate yields to proliferation of dust mites and molds.191.1%
Carpets at home, as well as stuffed toys, were also related with increased risk of
allergic rhinitis among children, probably due to their elevated concentration of

house dust mites and other allergens.197.198

Mold patches were also revealed as an important source of indoor
environmental allergens and were associated with a significant increase in the

risk of allergic rhinitis in children.19”

Cockroaches are considered to be important vehicles of inhaled indoor
allergens.18819719200 The highest levels of cockroach allergens at homes were

reported in dust samples collected from the wooden houses of urban slums.1

Anti-mouse IgE-carrying children were found to be at a higher risk of rhinitis
and atopy.?”! However, other studies did not confirm the finding that early life

mouse exposure has an impact on developing allergic rhinitis or asthma.20?

The effect of feather bedding is associated with inconsistent results: some
studies found that it significantly increases the risk of allergic rhinitis

symptoms,38 while others link it to fewer allergy symptoms.&

It was proved that air conditioning may prevent against contamination with
indoor allergens.?03 Patients living in households without air conditioning were
at greater risk of mold sensitization.24¢ Mechanical ventilation in dwellings was
also found to be beneficial for the prevention of allergic rhinitis symptoms,
while multiple sealing of buildings showed a direct association with allergy

symptoms.2% It was shown that proper indoor ventilation may reduce the
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effects of outdoor air pollution at homes: there were no associations found
between traffic densities and allergic rhinitis symptoms in children sleeping in
air-conditioned homes, what suggests that appropriate ventilation can mitigate

traffic pollution problems.203

Despite the existence of studies that showed that wood heating and direct
heated electric radiators are associated with increased risk of allergic
respiratory symptoms,?%® other studies denied this fact. Heating with wood or
coal and biomass were significantly related with fewer symptoms of allergic
rhinitis.85191.206 The hygiene hypothesis was proposed as a possible explanation:
the incomplete combustion of coal and wood during heating releases
byproducts with well-known adverse health effects, hence increasing the risk of
respiratory infections.27-209 These infections might thus afford protection
against allergic rhinitis and other allergic disorders, such as asthma, since
activated Thl-type immune response may shift the balance and reduce Th2-
type allergen-induced response.> A protective effect of infections may also
partly contribute to a lower prevalence of these allergic conditions in some

countries, as may explain the differences in prevalence between rural and urban

areas.3044,191,210,211

Outdoor environment (pollution)

With modernization of life the problem of outdoor pollution becomes more
worrying in all aspects. It is well known that pollutants may play a direct and
indirect role in the pathophysiology and the development of allergic
diseases.3198212213214 Jt was found that patients with weakly positive skin prick
tests for inhaled allergens may be more susceptible to the environmental factors
as air pollutants may increase the risk of allergic inflammation in the nasal

airw ay 216,217

City life was associated with a higher prevalence of allergic rhinitis compared
to country lifestyle.?8 Recent studies revealed that the prevalence of allergic

rhinitis is higher for people living near air-polluting factories or mines, as well
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as in areas with high exposure to truck traffic. This is probably due to pollutants
such as nitrogen oxide (NOx) and carbon monoxide (CO).3885203216,218.219220 A
high annual average concentration of sulphur dioxide (502), carbon monoxide
(CO) or nitrogen oxides (NOx) was significantly associated with increased
prevalence of allergic rhinitis in children and adults.?21-228 Exposure to increased
ozone (O3) levels in summer was also associated with increased risk of hay
fever in children and adults and this association with allergic children's
symptoms was stronger in urban zones, compared to small metropolitan and
rural areas.??1226229230 Nevertheless, not all studies succeeded to find any
relationship between air pollutants such as sulphur dioxide (SO2), nitrogen
dioxide (NO2) or high ozone (O3) levels with increased risk of allergic rhinitis

in children population.223224,229

Studies show that polyaromatic hydrocarbons in diesel exhaust particles can
enhance production of IgE, however other studies failed to find evidences that
shows that elemental carbon, attributable to traffic, may have an influence on

developing allergic rhinitis symptoms.1%>

Particulate matter (PM) of diameter of < 2.5 micron was significantly associated
with increased prevalence of allergic rhinitis in children,?29231.232 while particles
of larger diameter, of up to 10 micron, in the surrounding environment were
not always significantly related to increased risk of allergy.223224233-235 Besides,
most of these associations are statistically significant among children and those

who had spent most of their lives in the same community only.

It was found that living within 100 meters from a road with a traffic intensity of
more than 10 cars/min (24 hour mean) correlates with the prevalence of allergic
rhinitis and current asthma in adults.23¢ A distance-dependent relationship was
identified, with the highest risk for children living less than 50 meters from
busy streets.?31 However, living within 150 meters from a major road was not
significantly associated with an increased risk of any of the allergic disorders in

any age group.2%”
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It was disclosed that air pollution from car exhaust products have stronger
impact on developing of allergic rhinitis symptoms than pollution from heating
with coal.?®® The prevalence of allergic rhinitis, asthma, and positive skin prick
tests to aeroallergens was found to be lower in regions with high degree of air
pollution with sulfur dioxide produced by coal (2.7%, 3.9%, and 18.2%) than in
those polluted by automobiles (8.6%, 5.9%, and 36.7%).

The environmental pollution with allergens plays an extremely important role
in the first few months of life, since it is the most sensitive period, during which
inhaled exposure to certain allergens may predispose to the subsequent
development of atopic respiratory disease.?3? Subjects born in the pollen season
(March to April) have been shown to be at higher risk of being sensitized to
birch pollen.’ Increased risk to develop grass pollen allergy was found in
subjects born during grass pollen season (May to June).??° Increased
concentration of ragweed particles in the air was directly related with increased
average of daily physician visits for allergic rhinitis but, globally, outdoor air
pollution was found to be a poor predictor of physician visits for this condition
in adults.?*0 The frequency of sensitisation to pollens was reported to be higher
in allergic population living in urban areas, while for indoor aeroallergens, such

as moulds mixture and cat and dog dander, it was similar in both.?4!
Hygiene hypothesis

The so-called hygiene hypothesis was first suggested by Strachan in 1989, who
suggested that atopic diseases, such as asthma and allergic rhinitis, are less
prevalent in children from large families, where the probability to transmit
infection by unhygienic contact with older siblings is higher.” This theory was
approved by a large majority of epidemiological studies over the world,30.195.242-
24 although other studies failed to confirm this finding.382!1 A study conducted
in Germany disclosed that children from small families (up to three people)
who began to attend day nursery at an older age had higher prevalence of

atopy than those who started to attend it at a younger age.?*> However, age of
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entry to day nursery had no effect on atopy if children were from families with

more than three family members.

One more confirmation of the hygiene hypothesis has been provided later by
comparative analysis of various regions in East and West Germany, after the
fall of the Berlin Wall.?¥> Striking differences were noted between regions, with
higher prevalence of atopy (i.e., allergic rhinitis, asthma) and atopic
sensitization in West Germany, which was much more economically advanced.
According to this, infections with viruses and perhaps other intracellular
organisms influence the immune response. The hygiene hypothesis is based on
the observations that Thl responses induced by microbial stimulation can

counterbalance allergen-induced Th2 responses.”?

According to the hygiene hypothesis, increased risk to develop allergic diseases
is related with factors such as immunization with a variety of vaccines, wide
use of antibiotics and paracetamol in infants and young children.3866.246-248
Meanwhile, acute gastroenteritis in infancy was related with decreased risk of
allergy later in life: microbial stimulation of the gut may induce a subtle
inflammation and secretion of mucosal IgA, which participates in antigen
elimination. High intestinal IgA in early life was associated with minimal
intestinal inflammation and reduced risk for IgE-associated allergic diseases
such as eczema, food allergy, asthma, and rhinitis.?* However, this theory is

applicable only in children, since it was not confirmed in adults.?>

Despite all these findings, some authors maintain that the hygiene hypothesis
has to be specified much more precisely, with respect to some other criteria,
such as type of the microorganism (parasites, bacteria, virus, and fungus), type

or subtype of disease (IgE-associated or “intrinsic’) and type of contact.?5!
Farming lifestyle

In line with the field of the hygiene hypothesis, farming lifestyle, especially

with contact to livestock, was related to a protective factor against development
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of allergic disorders such as rhinitis in children and adults.’?8210211 [t was found
that children growing up on a farm were less likely to be sensitized to common
aeroallergens and to suffer from allergic rhinitis than children living in the same
villages but in non-farming families.?>? Living in a farm in childhood is
associated with a long term risk reduction: those adults who spent their
childhood in a farming surrounding had significantly less atopic diseases later
in life compared to those who spent their childhood in the city.?>®> However,
some parts of the world, like Turkey or New Zeeland, show a greater
prevalence of allergic rhinitis in rural areas than in urban.1912%¢ These
discrepancies could be explained by differences in culture, ethnic origin, style of
farming and behaviour. Indeed, it was found that levels of cat and dog
allergens in the mattress dust were much higher in those belonging to girls than

on those used by boys.194
DPets

The association between pet ownership and the risk of allergic rhinitis is
contradictory. The hypothesis that having a pet at home increases the risk of
allergic rhinitis was approved by number of studies.86191,210255 While, according
to some other investigators, an independent inverse association was found for
early-life exposures to indoor and outdoor animals and development of allergic
disorders, including allergic rhinitis.?56-260 Nevertheless, some studies found a
protective relationship only with close contact to cats while for dogs’ keepers
this association was significant only for asthma.?54261 Selection bias may have
played a role in the existence of discrepancies between studies as it is likely that

people with allergic symptoms tend to avoid contact with animals.

Allergen movement from the native source to various surfaces and even
unusual places that surround us every day is widely reported and should be
taken into account. It was revealed that, although the concentration of cow
dander allergen was found to be higher in stables, it was noticeable in dust

samples from living-rooms and mattresses as well.262 Similarly, households
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with exclusively outdoor dogs had significantly higher levels of dog allergen at
home than homes without any animals at all.?3 Very similar results were
reported for cats’ allergens.?6? This transporting, perhaps, happens most likely
due to adherence on skin and clothing, although wind or air masses also may

play a role.

All these allergens that act directly, together with indirect factors that enhance
the conditions for outdoor allergens to penetrate the houses and for indoor
allergens to remain inside may act as risk factors for allergic rhinitis and should

be taken into account when developing preventive measures.
Social class

The most recent studies show that the prevalence of allergic rhinitis increases
with the higher social class of the family.”2211.264 The Tucson Children’s
Respiratory Study showed a higher prevalence of allergic rhinitis among
children whose mothers had more than a high school education.3® It was
suggested earlier, that the ‘psychological environment” created by the western
lifestyle with its emphasis on maintaining sanitary conditions, may have
interfered in the development of a normal immunity and influenced the
development of atopic sensitization and diseases.?*> The prevalence of atopic
diseases was found to be significantly higher among children living in a bigger
apartment or having more rooms in their homes.?!! Furthermore, mud flooring
was associated with reduced risk of allergic rhinitis in children,?” while living
in a house made of concrete was significantly associated with an increased risk

of allergic rhinitis symptoms.38

Thus, according to the latest studies, city life, within a small family, high social
class and exaggerated sanitary standards in infancy may increase the risk of
developing atopic conditions such as allergic rhinitis later in life. However, it
was suggested that socioeconomic status may merely reflect microbial

contamination of water, food, and poorer housing conditions, and current
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evidence regarding associations with common specific and non-specific

infectious illness neither refutes nor supports the hygiene hypothesis.”

1.6. CONTROL

In accordance with the fact that allergic rhinitis is very common and still widely
untreated or treated inadequately, education is needed in order to increase

early recognition of the symptoms and to apply early treatment.

According to recent studies, many allergic patients lack understanding of the
nature of allergic rhinitis and its associated risks of respiratory complications,
comorbid diseases, losses in productivity and in health related quality of
life.355869.265 In order to achieve maximum therapeutic responses, the
appropriate education of patients and their family members and compliance are
essential after diagnosis and initiation of therapy.!! The information of the risk
of comorbid conditions and complications such as asthma, recurrent nasal

polyps, sinusitis, and chronic otitis media should be explained.

Identification and reduction of exposure to allergens is an essential part of the
management of allergic rhinitis. Allergen avoidance was recommended as an
integral part of a management strategy for allergic rhinitis and asthma by ARIA
Workshop Group and the World Health Organization.111266 Allergen transport
from the outdoor to indoor, especially to bed, must be prevented by optimizing
hygiene by measures such as face washing, keeping coat and cap at entry hall,
using dust mite impermeable mattress covers, removing carpets from

bedrooms.

The most recommended pharmacotherapy for allergic rhinitis is intranasal
corticosteroids and antihistamines, which improve both nasal symptoms and
pulmonary function.8® However, the safest recognized treatment is

immunotherapy, the use of which in children could significantly reduce allergic
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rhinitis-related morbidity and its economic burden.?¢”268 Moreover, treatment
with allergen immunotherapy lowers the risk to develop new asthma cases in
adults with allergic rhinitis.?®® Unfortunately, antihistamines are reported to be
most often prescribed for allergic rhinitis patients, despite their side effects on
the central nervous system that increase the risk of acute injuries.>556:61,68
Pursuant to recent findings, about 82% of allergic rhinitis patients are
prescribed antihistamine (in combination or alone), and only for the rest

immunotherapy is applied.3>

In conclusion, appropriate prevention and management of allergic rhinitis may
prevent the development of asthma, as well as other serious complications,
while on the other hand, management of food allergies and dermatitis in
children may reduce the incidence of allergic rhinitis later in life. It was
estimated that a three-part approach to management, which includes allergen
avoidance, immunotherapy, and pharmacologic treatment, can reduce the
progression of the inflammatory process and improve the patient’s quality of
life. The ARIA Update recommendations reminds that patients with allergic
rhinitis, particularly if persistent, should be evaluated for asthma, patients with
asthma should be evaluated for rhinitis, and an effective combination strategy

should be used to treat diseases of the upper and lower airways.!

1.7. FUTURE CHALLENGES FOR INVESTIGATIONS

Further studies on the incidence of allergic diseases are required in order to
make conclusions on the real burden of this disease. In a large proportion,
today’s knowledge on the disease is based solely on prevalence studies of cross-

sectional nature, inadequate for proper causal inference related to risk factors.

The search of possible genes as risk factors for developing allergic rhinitis

should be one of the main challenges of the future studies.
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2. OBJECTIVES

The identification of modifiable risk factors of allergic rhinitis has important
implications for the quality of life of patients as well as for the mitigation of the
very costs of this disease. Changes in lifestyle such as those related to smoking
and diet is crucial. Therefore we decided to conduct a comprehensive study in 2

parts: a meta-analysis and a case-control study with the following objectives.

1. Using a meta-analysis of published studies, to determine the effect of active

and passive smoking on the development of allergic rhinitis.

2. To determine the effect of a high dietary intake of proteins on the occurrence

of allergic rhinitis.

3. To determine the effect of a high intake of antioxidants: $-carotene, vitamin

A, vitamin E, vitamin C, selenium and zinc on the occurrence of allergic rhinitis.

4. To determine the effect of consumption of dietary omega-3 and omega-6

polyunsaturated fatty acids on the occurrence of allergic rhinitis.
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Allergic rhinitis, together with other closely related conditions like allergic
dermatitis, food allergies and asthma, are extremely common diseases
worldwide. Indeed, allergic rhinitis affects 10% to 20% of the general
population in Europe and the US and up to 40% of children.!3 The prevalence
of allergy to any food varies between 3% and 35%,* while that of allergic
dermatitis reaches 20% in many countries.> These diseases have profound
consequences on the patient’s quality of life and imply a high cost both to the
patient and insurance providers.®” Among infants, these costs reach more than
US$4,000 per year per case of food allergy.8 Recent studies have suggested that
these diseases are but one unique set of immunoglobulin-E (IgE)-mediated
allergic conditions, linked by the common thread of “atopic march”.® This
concept postulates that those conditions are a continuous state that starts with
dermatitis and food allergy and eventually progresses to asthma and allergic
rhinitis. Indeed, these diseases often co-exist in the same patient and can predict

the occurrence of each other.10

Worldwide, the prevalence of allergic diseases has increased substantially in the
last few decades,'12 which may have two explanations. On the one hand,
increased clinician awareness, as well as patient and parental awareness, may
have led to improved identification and increased case presentation to
physicians.!> On the other hand, it is possible that this increase is due to
changing exposure to known and unknown risk factors,’ and among these
factors, smoking may play a role. An increased risk of allergic diseases among
individuals exposed to tobacco smoke is biologically plausible as smoking is
known to facilitate sensitization to perennial indoor allergens, such as those
caused by furry animals, as well as to some outdoor allergens such as pollen.14
Furthermore, smoking augments nasal responses to allergen in atopic subjects
and increases IgE, immunoglobulin G4 (IgG4), and postallergen histamine

levels in nasal lavage fluid.1>16

Allergic conditions are, in general, more prevalent in children. A potential effect

of smoking would have a considerable impact on public health due to the
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frequency of exposure worldwide. Indeed, children and adolescents are
exposed to secondhand smoke in a proportion that varies between 27.6% in
Africa and 77.8% in Europe and approximately 14% of all children were

exposed to maternal smoking during pregnancy.17.18

Several studies have assessed the association between smoking exposure and
allergic diseases. In each of the allergic conditions, results were conflicting and
alternated between the harmful effects of smoking and protection,!41%-23 while

some studies could not find evidence of any effect.24-26

Except for a systematic review and meta-analysis examining the relationship
between smoking and asthma in children,?” to our knowledge, there is no
comprehensive meta-analysis that examines the evidence for a relationship
between smoking and allergic conditions like allergic rhinitis. We, therefore,
summarized the scientific evidence and carried out a meta-analysis on exposure
to active and passive smoking and the risk of allergic rhinitis among adults and

children/adolescents
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Data sources and searches

We searched databases from 1966 to end of February, 2013, to identify all
potentially eligible studies. For Medline, we applied the following algorithm
both in Medical Subject Heading and in free-text words: ("SEASONAL
ALLERGIC RHINITIS" OR "ALLERGIC RHINITIDES, SEASONAL" OR
"ALLERGIC RHINITIS, SEASONAL" OR "RHINITIDES, SEASONAL
ALLERGIC" OR "RHINITIS, SEASONAL ALLERGIC" OR "SEASONAL
ALLERGIC RHINITIDES" OR '"POLLEN ALLERGY" OR "ALLERGIES,
POLLEN" OR "ALLERGY, POLLEN" OR '"POLLEN ALLERGIES" OR
"POLLINOSIS" OR "POLLINOSES" OR "HAY FEVER" OR "FEVER, HAY" OR
"HAYFEVER" OR "RHINITIS, ALLERGIC, NONSEASONAL" OR "RHINITIS,
ALLERGIC, PERENNIAL") AND (SMOKING OR TOBACCO OR CIGARETT¥).
We used similar strategies to search Embase and LILACS (Latin American and
Carribean database). We searched meeting abstracts using the ISI Proceedings
database from its inception in 1990 to 2013. We also examined the references of
every article retrieved and those of recent reviews of allergic rhinitis and
smoking.1628-33 We considered including any relevant article, independently of
the language of the publication. Unpublished and ecologic studies were not

considered.
Study selection

Studies were included if: 1) they presented original data from cohort, case-
control or cross-sectional studies (ecologic studies were not considered), 2) the
outcome of interest was clearly defined as allergic rhinitis 3) one of the
exposure factors was smoking, either by the subjects themselves or their
relatives, 4) they provided estimates of odds ratio (OR), relative risk (RR), or
prevalence odds ratio and their confidence intervals, or enough data to
calculate them. If data on the same population were duplicated in more than
one study, the most recent study was included in the analysis. When data for

different types or levels of exposure were available in the same study, such as

Epidemiologic studies of the risk factors of allergic rhinitis 101
Part I



Methods Jurgita Saulyte

passive smoking, active smoking, maternal smoking during pregnancy, we
considered each type of exposure separately. We developed a standard data-
recording form in which we recorded authors, year of publication, study
location, study design including whether ISAAC methodology was followed,
sample size, outcome, outcome measurement details, effect estimator (OR, RR,
other), effect estimate, 95% Confidence Intervals, and adjustment factors used.
When further clarification was necessary, we attempted to contact the authors.

We considered odds ratios as estimates of the Relative Risk.
Quality assessment

Study quality was assessed using a five-point binary scale specifically
developed for this study. The scale is based on the Newcastle-Ottawa scale with
modifications in view of standard guidelines and our own judgment.3* We used
the following criteria labelled as “yes” or “no”: 1) whether assessment of the
smoking habit included duration and/or quantity (yes) or else (no), 2) whether
rhinitis diagnosis included clinical features and IgE or SPT measurements (yes)
or was based on clinical examination only (no) 3) whether results were adjusted
for age, sex and other potential confounders (yes), or else (no), 4) whether
participations exceeded 80% of the people initially approached (yes) or else
(no), and, finally 5) whether the target population was clearly defined (yes) or
on the contrary, based on convenience sampling of subjects such as patients of a
single consultation (no). Throughout this assessment, when the information on
a specific item was not provided by the authors, we graded this item as “no”.
We carried out a pooled analysis on those studies that fulfilled at least 3 criteria

and compared with those that scored less than 3.

Data extraction and quality scoring were performed independently by two
reviewers (BT and JS) and results were merged by consensus. The results for

quality scoring are presented in the annex I.
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Data synthesis and analysis

We weighted the study-specific adjusted log odds ratios for case control and
cross-sectional studies, and log relative risks for cohort studies by the inverse of
their variance to compute a pooled relative risk and its 95% confidence interval.
For each study, we used the estimate of the effect measure that was adjusted for

the largest number of confounders.

We present both fixed-effects and random-effects pooled estimates but use and
report the latter when heterogeneity was present, as in our main analysis and
most subgroup analyses the random-effects model is generally thought to give
more reliable results than the fixed-effects model, including a more
conservative (wider) CI, when the studies being considered show a
considerable degree of heterogeneity. Odds ratios from case-control studies

were assumed to be unbiased estimates of the relative risk.3>

We used a version adapted to small samples of the DerSimonian and Laird Q
test to check for heterogeneity.3¢ The null hypothesis of this test is the absence
of heterogeneity. To quantify this heterogeneity we calculated the proportion of
the total variance due to between-study variance (Ri statistic).3¢ Furthermore,
we explored the origin of heterogeneity by restricting the analysis to subgroups
of studies defined by study characteristics such as study design, type of
exposure (active or passive smoking) and age of the participants

(children/adolescents or adults).

We assessed publication bias first, visually, using funnel plots and then, more
formally, using the test proposed by Egger and colleagues.3” All analyses were

performed with the software HEpiMA® version 2.1.3 and STATA version 12.38
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The secondary analyses (children and adolescent’s population/adults,
ISAAC/other, cohort and case-control studies combined/cross-sectional

studies, high quality /low quality) were planned a priori.
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In total we identified 196 studies, published in 139 different articles and carried
out in 51 countries, on active or passive smoking and allergic diseases at large
that met our inclusion criteria. (Figure 1) The data from one study were
obtained from the authors.?® We found 97 studies on allergic rhinitis.19:21,24,39-118
A large majority of the articles retrieved initially were excluded either because
they did not provide any effect measure or the outcome was allergy at large.
Globally, heterogeneity was substantial overall and similarly high after
stratification by design, quality features (including adjustment for confounders)
and study population. Given the substantial heterogeneity, we focused on the
random effects results, however the fixed effects analyses are presented for
comparison and only discussed where they differ from the random effects

results.

Thirty-four studies on active smoking and 63 studies on second-hand smoking
were available. (Tables 1 and 2, and Figures 2 and 3) The overwhelming
majority of the studies assessed diagnosis through questionnaire and only 7
studies used skin prick test or IgE measurements for the case
definition.3942465257101113 The study by Wright et al. measured skin prick test
(SPT) reactivity but used a definition of physician diagnosed allergic rhinitis
that included both SPT-positive and SPT-negative children.*> More than half of
the studies used ISAAC criteria for the definition of allergic rhinitis. Finally, 11
studies assessed maternal smoking during pregnancy.444547-49,60,7081,93,9,114 Table

3 shows the results for associations between smoking and allergic rhinitis.
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1457 papers identified from online search strategy

929 papers rejected based on title

v

\ 4

528 abstracts reviewed

| 312 papers rejected based on
"| abstract

A 4

217 full text articles reviewed

89 papers were rejected based on their full text:
23 contained no original data (reviews or full reports)

A\ 4

8 publications were

found after 20 do not analyze smoking as a risk factor
examination of the 13 were duplicate publications from which no
references of the additional data were obtained

articles retrieved and 11 present SPT or IgE concentrations as an
recent reviews outcome

\ 4

9 do not present a clear outcome, or mix several
discases as outcome

8 do not provide enough data to calculate OR

4 were case descriptions

> 1 was an ecological study

3 publications found
by other methods

v

139 papers were included in the review

Figure 1. Flow diagram for study selection.

108 Epidemiologic studies of the risk factors of allergic rhinitis
Part I



Results

Jurgita Saulyte

uaJpjiyd
sa18Ja||e |eyuaied @8y 19¢/9T1 (szzvL0)6TT - AsHysiy vsn ,c0T0Z 10dsipod
uol1ea0| ‘33| ‘uoneanps
|eauased ‘s1ad ‘s3ul|qis ‘Suipasy 1sealq ‘WY3em yuiq ‘xas ‘98y ¥8//86T (v¥'1-v2°0) €0'T -- uaJpjyd Auewuag 1600 119
ewyjse |ejuaJsed ‘sniels
Supjows anissed ‘awiy dn-moj||o} |0yod[e ‘UoiledINPd ‘X3s ‘@8y 0/8'G/¥SE'T - (¥6°0-940) ¥8°0 usawom jnpe ylewuaqg 1800 uasipuag
|oyod|e ‘Suiwaey ‘|INg ‘UOIIRINPS ‘SNjels [eylew ‘X3s 98y 122°CT/000°T - (68'0-99'0) 940 synpy ueder 058007 e1egeN
adA1 Ajjwey ‘uoneanpa siaylow ‘a8y 058'8/¢ (te'T-0TT)0TT - uaJpjiyo uspams £,800 uossueyor
uipaajisealq ‘Ajued ‘934400
‘Aoueudaud ul a8e |eusslew ‘uoiedndIO ‘ssepd |BID0S ‘X3S Y¥8°L/€80°T (F'T-0T) T'T - uaJp|iyd ydewusqg ,500C Uossnugen
s3ul|qis ‘Adoze Ajiwey ‘xas @8y 8ET'6C/ETT'T (TT°'T-¥6°0) TO'T - uaJpjiys an 4z 00T 19A33XDIN
a8y 81C'T/S9 (9°1-£¥°0) 88°0 - uaJpjiyd N ,,000¢ blel
J93udd ApNis }Isuas pooy “1suas uadiajjeose ‘Suipasy
15e3.q ‘snieis 21Wou0d30100s ‘Adoje [ejualed ‘xas ‘98y G78/8LT (s5°T-2£°0)SO'T = uaJp|iya Auewuso 4,000C UueW3iag
INgG
‘Wy31ay ‘uorreanpa ‘s3ul|qis ‘ssejd |e1d0s WSIIm yuig ‘x3s 93y 0Ty9/é - (00'T-€8°0) 160 synpe SunoA N ,066T Ua3ayeys
Alued ‘o8e |eusalew ‘Suipasy 1seauq
‘a8e [euoi3e1sad WY319m YIg MO ‘SSe|d |e120s ‘X3S 98y T8C'9/9v9'T (£6'0-78°0) 68°0 > uaJpfiyd N ,,866T SIMaT
X3§ 16T/9¢2T -~ (89°¢-ST'T)SL'T uaw yjnpe auely /66T OUBSIBIN-ISSUUY
paiyidads 10N LYL[TTE (ogz-€9T) €6'T - uaJp|iyd vsn 2, 766T WYSUM
salpnis 1oyo)
LN L9L/€6€ = (8'T-98°0) €T'T uswom jnpe ueder 15 T0T eAIN
uoneanpa ‘xas ‘a3y LTT/€8 (ST€-vET) SO'C - sHnpy vsn oy FT0T Un
uonednado ‘awoaul ‘s3ad ‘Adoe Ajiwey ‘xas @8y 99¢/9¢ev (tzzLr1) 19T (TTT9TT)LST sjuads3|jope Asxany :0T0T 4Djed
98y 68/68 (59°0-1€°0) S¥'0  (9£°0-6T°0) 8€'0 SHNpY ueder 5667 esez0
S91pN1S |013U0I-35E)
uonouMIsal ‘Sulydlew ‘quawisnlipe jo sajqeriep mﬂ”_umcﬂwv_“umhw Sunjows anissed Sunjows anndy uone|ndod whﬂ””“-ﬂw Joyiny

S9IpN1S 11040 PUE [0.13U0I-3SED Ul 2.1nsodxa Supjows £q SIUIYI O1319][€ JO S[EAISIUT 9OUIPIUOI 0456 PUE SYSLI dAR[Y "I d[qeL

109

Epidemiologic studies of the risk factors of allergic rhinitis

Part1



Jurgita Saulyte

Results

s1ad ‘suagdia||e Jayio ‘Xas 189'S - (€6'0-99°0)8L°0 SHnpy N ., 100z uosdwis
uol3ed0| ‘38| ‘suadia||e Jay3o ‘xas ‘@8y 88/ (0Z'1-18°0) 20°'T -- synpy adoung ,, 100 uosuer
uo13e20| ‘Yuliq Jo A3UN0d ‘@2U3PISAI ‘UOIILINPS X3S ‘B8Y 6069 - (¥8'0-2L0)8L0 sHNpyY uspams ¢, 100T UIBIH
uol1ed0| ‘qualed Jo yuiqg jo Alaunod ‘pjoyasnoy ualed
9|8uls ‘@auapisas ‘uoileanpa [ejualed ‘s3ulqls ‘xas @8y WUy (zT'T-€8'0) 960 -- uaJp|iyd uspams ¢,100C uwialH
a3y S1S'T - (86'1-28°0)8C'T uswiysaly Ayissanun Aaxny ,,000T J1wapzo
a3y 7€8'C - (16'0-¥5°0) 00 s)npe AN 1,000Z uoidn
uolleanpa ‘4anaj Aey jo Aioasiy Ajiwey ‘xas ‘a3y 909°'8T (£1'T-€6°0) ¥O'T - uaJp|iyd elisny 0,000C 22Im3iseleydez
suaduaj|e ‘s3ad ‘uoiledo| ‘xas ‘a8y 0L€'T - (L€T-610) T80 synpy uapams 6,000T Ydseld
uonedo| ‘spjoyasnoy ‘duireay ‘xas ‘a8y 98¢ (€'T-¥'0) 80 (9'T-2°0) 9°0 SVEREE] (o] o] Asany 56661 S22
paij1dads 10N 89¢€’¢ 3 (£T°1-0%°0) 69°0 s}npe eissny 146661 pnianoq
3uisnoy ‘lany
8uneay ‘|any 8upjood ‘s3ad ‘23uapIsal ‘U0IIEIO| X3S a8y €6€'ST (60'T-00T) ¥O'T  (9€°T-€CT) 0ET uaJp|iyd|ooyos An 4,666T 44ng
Xas ‘a8y €CT'ET (€T°1-06°0) TO'T (6S°T-LT°T) LE'T uaJpjiysjooyds Auewusp <o866T dWyng
spuejsl
s1ayue|q ‘Adoie |ejualed ‘syad ‘peod ‘xas ‘@8y AR (8T'T-0°T)€T'T (S6'T-€¥'T) L9'T uaJp|Iyd|ooyds 9s31eIN 48661 10U
a8y 8L€9 (50°1-98'0) 56'0 = uaJp|iyds eljesisny 08661 Aquosuod
8uisnoy ‘@auapisal xas ‘a8y ¥0€'9 (¢1'1-98°0)86'0  (60'T-98°0) £60 uaJpjiyajooyos 8uoy 3uoH £0866T We
palyidads 10N vE6'T (ceT-78°0) 10T H uaJp|iyd An 1866T 1boouey
a3y LES'T (££°0-15°0) €9°0 4 ua.p|iyd n 0oL 66T Unsny
suadua||e ‘xas a3y vZ8 - (6'T-5°0) 6'0 s1npe pue uaip|iyd Aley <L 66T BSNEIS
a8y €98'8 - (r€'1-8€°0) 18°0 S}npe pue uaJipjiyd €310y 9cL66T UIN
uol1ed0| ‘xas ‘a8y 144% - (1£°0-€5°0) 290 SHNpY pueRzZIMS 16966T YdInm
a8y 09€°'S (ST°1-55°0) 08°0 - uaJpjiysjooyds pue|esz maN 4sG66T S9AON
sawny ‘uoizednado
‘yaeou20d ‘4axows ised ‘Suisnoy ‘iej} ‘@deu ‘98y 898°C - (59°1-28°0) 9T'T Sy npy aJodeduis V66T SN
palyoads JoN V6v'€ (8¢'T-28°0) 20T - S}npy puepaziims ,c766T 19819quana
92UdpIsal ‘@insodxa |euolzednddo ‘xas ‘a8y 0LT Y -- (08°0-85°0) 89°0 sjnpe pue syuadsajope AemioN -066T apieg
uonoIIsad ‘Suiydlew ‘quawisnipe jo sajqerep o1s djdwes Supjows anissed Sunjows anndy uonejndod PR Joyiny
|eiol J0 Ainuno)

SeIpPN3S [BUOIID3S-SS0.ID Ul aansodxa Sunjours Aq STTUTYI J13I3[[e JO S[EAISIUI 0UIPHUO0I % G6 PUE SHSLI 9AIR[RY 7 9[qelL

Epidemiologic studies of the risk factors of allergic rhinitis

110

Part 1



Results

Jurgita Saulyte

agy v6S (Sv"€-0°0) 580 - ua4pjiyd elueny 63002 dHejAwn.ig
1591 Ul|N2J43gn} ‘@wodu] pjoyasnoy
‘s8ul|qis ‘Buipaay 3seauq ‘Adole |eulalew ‘xas 98y 198 -- -- uaJp|yd BOLY YInos v£6500C B1eyiqo
palydads JoN 999°L1T - (¥8'0-69°0) 920 s)npe 3unoA Aley £,6500€ lueidng
[9A3] Ua8I3UE B11W ‘UOIIEINPS ‘BWODU|
Ajlwey ‘Ajised ‘uoneysas ‘syad ‘Adoie |erjiwey ‘xas @8y Z00°T (29°'T-60°T) €€'T (¢'1-S8°0) OT'T uswom jueusaud ueder 16500 M eAIN
2insodxa |euoljednddo
‘Sn1e1s 2|wou0230100s ‘Adole |eljiwey ‘xas ‘@3y STT'T (87°1-58°0) TT'T - S npy elAs 063002 YelzeN
uo[3e0] ‘sse[d |e120s ‘x3s 98y €60V (0£'1-€6'0) OT'T = synpy Auewusp (5500C ddoy
paiydads 10N 18 (zT°e-€v'0) 9T'T - uaJpjiys puejaJ| 42300C ®Q
,g700C
X35 ‘a8y 8LSVT (zz1-60T)ST'T  (¥8'T-87'T) S9'T sjusdsa|ope aduely Oouesae|N-ISaUUY
saseas|p 21843]|e 4ay10 jo Aoisty ‘s1ad ‘Yyuiq
pIYyd 1e a3e [eusarew ‘s3ul|qis Jap|o ‘OpeJd ‘xas ‘a8y 6€5°S (£z'1-86°0) TT'T Pe uaJp|iysjooyas ueder 457002 ENINII
a8y 790°T (esv-eeT) ev'e B uaJpjiysjooyds Aasang <s700C SlWaqa
Ayjeuoneu ‘Adole ‘xas ‘98y 0CeT (96'1-8€°0) 98°0 -- sJauuidaq jooyds Auewuan »5700T Jawesy
porsad Apnis ‘syad ‘Adoje |ejualed ‘suoidsjul
10e41 Asojeaidsad ‘s3ul|qis ‘aySiam yuiq ‘xas ‘a3y [o3araa (16°0-2£°0) 18°0 - uaJp|iya jooyas 8uoy| SuoH g7002 397
o8eqo]
a8y 0LT'E (65°T-92°T) TV'T - uaJpjiydj00yds 3 peplulL 2g700T 1193UON
ewyise jo Asoisiy Ajjwey ‘Alprwny ‘Sunnadies
‘swa|qoud Aioreuidsal ‘sayoeou209 ‘jooyds 98y v/T'9 (¢S T-€T°T) LET -- uaJpj|iydsjooyos O2IX3aN €00 ezeieg
a8y vt (69°'1-68°0) 6T'T - usJpjiys jooydsald Arey 0g€00C 1UoJ3d
xas ‘a8y 10¢ (tveT)Te - usJp|iyd Ajey ,€00T 12815
uo13ed0|
‘s3ad ‘s1adJed ‘||iq A3o14393|3 ‘|INg ‘UoISad ‘xas 98y §596°8€ (8TT-TT'T)6T'T - uaJpjiysjooyss €940} ¢, 100C 931
s3ul|qts Jap|a ‘s1ad ‘Adoie Ajiwey ‘uoidal ‘xas 98y 6€9'Y (S€'1-90'T)0T’T  (€S'T-T0'T) ¥T'T spuapnis Aysianiun Aoxuny ,,100T nauoAjey
2dA1 Buneay ‘s1ad ‘ssaudwep ‘syadued ‘xas ‘93y ¥89°T (£T°1-69°0) 06°0 --- uaJp|iydjooyas eIssny 5,100 pnianioa
uonuIsadl ‘Suiydiew ‘quawisnipe jo sajqeep azis djdwes Sunjows anissed Sunjowss anndy uone|ndod Apms aua Joyiny
|erol J0 Ainuno)

JU0) Z d[qelL

111

Epidemiologic studies of the risk factors of allergic rhinitis

Part 1



Jurgita Saulyte

Results

s8ul|qIs ‘uoneanpa |eusalew

‘s1ad ‘Bunieay pue Sujood jo adAy ‘1a1p xas @8y 9¢0'€ (TT'1-88°0) 66°0 - Sjuadssjope BlUOP3JEA 171 LLOT PISEIA
AL Suiyolem swi ‘Ananoe jeaisAyd ‘uaydouiwelade ‘syad
“dxa yanJ1 ‘@sn |[any ‘suOWS JO U ‘S3ul|qIs ‘UolIedNPD

|eusazew ‘A3d1uyis ‘eoe|dyidiq ‘uoiledo] ‘|INg ‘xas ‘98y YEE'8 (rT'T-18°0) 00°T - uaupjiysjooyas epeue) 011070 Suem

agy ovL (€T'Z-87°0) TO'T - uaJpjiyajooyds OX3N  ,0TOT seleleg-ejjopag

SjuaIsajope

a8y T6T'€C (es'T-€T°T) LET - pue uaJpjiyd 02IXaN 0T0Z zelg-za|ezuo
SIHUIYJ ‘ewyise

214e41 ‘@dAy jooyds ‘suoidau ‘Ajijeuoiieu ‘xas ‘98y STT'E (21-8°0)0°T - Sjuldsajope uoueqal ,0r600T Yaleleysniy
uol1ed0|

‘1o1p ‘Ananoe |edisAyd ‘syad ‘|Ng ‘Adole Ajiwey ‘xas ‘98y 187 (9£°1-6L°0) LT'T 3 uaJp|iydjooyas Aey 40;600T 1UlueIdS3Ig

xas ‘a8y 608°C (L9°'T-TO'T) OE'T uaJpjiya puejaJ| c0p000C J1qe)

a8y 000'€ - (66'T-87'T) TL'T Sluadssjope eufuasly 401 300¢C Z3W0o9

$3143UN0d

Asunod ‘xas ‘a8y €89°L1 (zT'1-66'0) SO'T - uaJpjiysa Jl1ded 01 300¢C Peljod
Avsuap ou4euy
1odued ‘Jaded |jlem ‘uollpuod Jie ‘ssaudwep ‘Suollddul
Aiojeaidsal ‘Aua)|e pooy ‘Buipasjisealq ‘9dAl Suisnoy

‘SN1e1S 21WOU0290120s ‘@es ‘Adoje |eljiwey ‘xas 93y 6SL'Y (SE'T-TT'T) TTT - uaJp|iyo jooyasaud aJode3uls 2018002 lWieunz
ELE]

uonesnpa ‘sdul|qis ‘Adoe |eljiwey ‘uonedo| ‘xas 98y ¥¥0°€C (9T°1-86°0) LO'T - uaJp|iyd ueder 107£00T Byeuel

palyioads 10N L00'T (69°'T-58°0) 9T'T -- siynpe vsn 0012007 12443
uoipInu Ayljeay ‘Suipsajisealq

‘syad ‘azis Ajlwey ‘uoneanps ‘Adoje |eljiwey ‘xas ‘93y LELT (06'1-06°0) TE'T -- uaJp|iya jooydsaud elisny ¢, 00T eIoH

saJnsodxa |euolredndd0 ‘uoieanpa ‘xas ‘ady 00¢ (76'T-€6°0) VE'T - synpe 8uoy SuoH 26£00T OH

Adoje Ajjwey “xas ‘a8y 9¢€'T (€8'T-96'0) €€'T  (TL'T-66°0) OE'T synpe Aaxany ,6900€ Jedjes

s1ad ‘xas ‘e8y €TT'SE (£8'0-82'0) 280 - uaJpjiyajooyos ueder 46900T BYjEsouny

xas ‘a8y L6T'T (9T-0T) €T  (0€T-26°0) 0T'T usawom aunjew aduely 456900T pung

. . 9z1s 9|dwes Apnis aya ot
uonouMIsals ‘Sulydlew ‘quawisnipe Jo sajqeriep Supjows anissed Supjows annoy uonejndod Yiny
|elol J0 Anyuno)

JU0) "Z SIqeL

Epidemiologic studies of the risk factors of allergic rhinitis

112

Part ]



Results

Jurgita Saulyte

‘SIuIYyJ 21849]|e Ajuo jou ‘8.e| 1e S

1Yd o sased pasn Apnis siyl - g
‘9|gejieae aJe Aoueudaud Suunp Supjows [eusaiew uo eyep AjuQ - v

dwodul [euolieu ssous ‘uoidal ‘@8endue| ‘xas 98y T90°€LS (zT'1-80°T) OT'T - usJapjiys SPIMPJIOM g7 CLOC [IFYMUIN
spue|s|
a8y SS6°L (0z1-20T) TT'T  (9£'T-TT'T)OV'T uaJpjiya asaleN ,11CT0T HOoy2IUoN
uo11eINPa ‘awodul
ployasnoy ‘Adoie |ejuased ‘9ouspisaJ Jo uoidas ‘xas @8y VLT (96°'T-¥T°T) 0S'T (€2°T-¥8°0) TO'T uswom jueusaud ueder 411 CTOT Beue]
s1ed ‘pooy-1sey Jo uolrdwnsuod
‘uaydoujwe}dde o Isn ‘silIeWIIP ‘ewyise ‘a8y 678°€ - (LT-2T)¥'T Sjuadsajope elqwo|o) <1CTOT BpUEIRURd
AJBAI|9p UBDJESIED ‘UOIIEINPS [BUJIIEW ‘SI1N0IgIIUE
}0 3sn ‘usydoulwe}ade Jo 3sh ‘sizewsap ‘ewyise ‘o8y 9GC’'¢ (¢v'1-66°0) 6T°T « ualip|iya eiquo|o) ;¢ TOT BpueIeYad
uoleonpa |ejuaJed ‘Adoje |ejualed ‘xas ‘©3y 12y -- - uaJipyd uemie| L1 CTOT U3YD
x3s @8y TLV'E - (2¢6'0-89'0) 640 sjnpe Jdewuaq ¢ 1 TOT Uossuesey
a8y 8¢ (£8Y-L0'T) 6C'C - uaJipjiys puejuiy 211 P TOT BIMPHIA
uo1IIsa4 ‘Suiydiew ‘quawisnipe jo sajqelep az1s djdwes Sunjows anissed Sunjowss anndy uone|ndod Apms aua Joyiny
|exol J0 Ainuno)
U0y "Z dqe.L

113

Epidemiologic studies of the risk factors of allergic rhinitis

Part 1



Results Jurgita Saulyte

Active smoking

Using random effects analysis, there was no significant association between
active smoking and the risk of allergic rhinitis when all studies are considered
(RR=1.02; 95% CI: 0.92-1.15). Using fixed effect analysis for all studies, there was
a significant association between active smoking and risk of rhinitis (RR=1.06;
95% CI: 1.03-1.08), however this may be explained by the considerable amount
of heterogeneity due to differences in designs, case and exposure definitions
and adjustment for confounders. It is remarkable that, under the fixed effects
model, the result of the cross-sectional subgroup (RR=1.09; 95% CI: 1.06-1.12) is
statistically significant and opposed to the result of the cohort studies subgroup
(RR=0.87; 95% CI: 0.82-0.93). When restricting the analysis to the 10 studies
carried out on children and adolescents populations, active smoking was
associated with an increased pooled relative risk of 1.40 (95% CI: 1.24-1.59). In
further sub-group analyses, the association was significant in the studies that
used the standardized ISAAC protocol (RR=1.50; 95% CI: 1.35-1.66), but not
those that used their own protocol (RR=0.96; 95% CI: 0.88-1.08). A reverse
association between active smoking and allergic rhinitis was observed in adults

only (RR=0.90; 95% CI: 0.82-0.99)
Passive smoking

Using random effects analysis, there was a significant association passive
smoking and allergic rhinitis (RR=1.10; 95% CI: 1.06-1.15). Similar findings were
observed in subgroup analyses by adjustment for confounding variables
(RR=1.07; 95% CI: 1.03-1.12 for full adjustment, RR=1.15; 95% CI: 1.04-1.27 for
incomplete adjustment), quality scores (RR=1.10; 95% CI: 1.04-1.15 for high
quality, RR=1.10; 95% CI: 1.02-1.19 for low quality), and for cross-sectional
studies (RR=1.09; 95% CI: 1.05-1.14); however, there was no significant
association between passive smoking and allergic rhinitis when restricting the
analysis to cohort studies (RR=1.14; 95% CI: 0.96-1.34) or case-control studies
(RR=1.14; 95% CI: 0.46-2.82).
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Study RR 95% Conf. Interval
Ozasa (1995) —a— 0.38 0.19 0.76
Cakir (2010) o 157 1.16 2.1
Miyake (2011) -0 1.13 0.86 1.48
Annesi (1997) —— 1.75 1.15 268
Shaheen (1999) £l 0.91 0.83 1.00
Nagata (2008) O 0.76 0.66 0.89
Bendtsen (2008) (= 0.84 0.76 0.94
Bakke (1990) (| 0.68 0.58 0.80
Ng (1994) —=—- 1.16 0.82 1.65
Wutrich (1996) | 0.62 0.53 071
Min (1997) —H— 0.81 0.38 1.34
Siracusa (1997) —e 0.90 0.50 1.90
Lam (1998) (3] 0.97 0.86 1.09
Montefort (1998) (] 1.67 1.43 1.95
Duhme (1998) = 137 117 1.59
Burr (1998) E3 1.30 1.23 1.36
Dotterud (1999) —0— 0.69 0.40 1.17
Keles (1999) —a— 0.60 0.20 1.60
Plaschke (2000) —0— 0.82 0.49 1.37
Upton (2000) o 0.70 0.54 0.91
Ozdemir (2000) —ao— 1.28 0.82 1.98
Hjern (2001) x| 0.78 0.72 0.84
Simpson (2001) (] 0.78 0.65 093
Kalyoncu (2001) = 1.24 1.01 1.53
Annesi (2004) | 1.65 1.48 1.84
Miyake (2004) -0 1.10 0.85 1.42
Bugiani (2005) [ 0.76 0.69 0.84
Lund (2006) a 1.10 0.92 1.30
Sakar (2006) - 1.30 0.99 1.71
Gomez (2008) (| 1.72 1.48 1.99
Hakansson (2011) O 0.79 0.68 0.92
Pefiaranda (2012) (] 1.40 1.20 1.70
Tanaka (2012) r 1.01 0.84 1.23
Montefort (2012) = 1.40 1.11 1.76
OVERALL 1.02 0.92 1.15
r l — oy x T ]
0.01 0.1 1 10 100
Relative Risk

Figure 2. Study-specific and random effects pooled risks of smoking and allergic rhinitis
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Study RR 95% Conf. Interval
Ozasa (1995) —=— 0.45 0.31 0.65
Cakir (2010) —=— 1.61 1.17 2.21
Lin (2011) —0— 2.05 1.34 3.15
Wright (1994) = 1.93 1.63 2.30
Lewis (1998) = 0.88 0.82 0.97
Bergmann (2000) —0— 1.05 0.72 1.55
Tariq (2000) S— 0.88 0.47 165
McKeever (2001) E3 1.02 0.94 1.1
Magnusson (2005) = 1.10 1.00 1.40
Johanssen (2008) = 1.20 1.10 1.31
Keil (2009) —a— 1.03 0.74 1.44
Codispoti (2010) —— 129 0.74 225
Leuenberger (1994) FoS 1.02 0.82 128
Moyes (1995) —= 0.80 0.55 1.15
Austin (1997) =1 0.63 0.51 0.77
Farooqi (1998) - 1.04 0.82 1.32
Lam (1998) ca 0.98 0.86 1.12
Ponsonby (1998) =3 0.95 0.86 1.05
Montefort (1998) = 1.13 1.00 1.28
Duhme (1998) S 1.01 0.90 1.13
Burr (1999) Ed 1.04 1.00 1.09
Keles (1999) — 0.80 0.40 1.30
Zachariasiewicz (2000) [==] 1.04 093 1.17
Hjern (2001) =3 0.96 0.83 1.12
Janson (2001) 3 1.02 0.81 1.20
Dotterud (2001) = 0.90 0.69 117
Kalyoncu (2001) = 1.20 1.06 135
Lee (2001) = 1.19 1.11 1.28
Stazi (2002) —a 2.20 1.20 4.10
Peroni (2003) = 1.19 0.88 1.59
Barraza (2003) = 1.37 1.23 1.52
Monteil (2004) [ 1.4 1.26 1.59
Lee (2004) e 0.81 0.72 0.91
Kramer (2004) e 0.88 0.38 1.96
Demir (2004) —— 2.43 1.32 452
Miyake (2004) = 1.11 0.98 127
Annesi (2004) =3 1.15 1.08 122
De (2005) re—— 1.16 0.43 3.12
Topp (2005) = 1.10 0.93 1.30
Maziak (2005) = 1.12 0.85 1.48
Miyake (2005) = 1.33 1.09 162
Strumylaite (2005) —_— = 0.85 0.20 3.45
Lund (20086) = 1.31 1.00 1.60
Kurosaka (2006) E3 0.82 0.78 0.87
Sakar (2006) = 1.33 0.96 1.83
Ho (2007) —a— 1.34 0.93 1.94
Horak (2007) —=— 1.31 0.90 1.90
Ebbert (2007) = 1.16 0.85 1.59
Tanaka (2007) Ea 1.07 0.98 1.16
Zuraimi (2008) (o 1.22 1.1 1.35
Foliaki (2008) E3 1.05 0.99 1.12
Kabir (2009) 0 1.30 1.01 1.67
Brescianini (2009) —=— 117 0.79 1.76
Musharrafieh (2009) f 1.00 0.80 1.20
Gonzalez (2010) e 1.37 1.23 1.53
Bedolla (2010) — 1.01 0.48 213
Wang (2010) = 1.00 0.81 1.24
Vlaski (2011) Ea 0.99 0.88 1.1
Virkkula (2011) 229 1.07 4.87
Pefiaranda (2012) - 1.19 0.99 1.42
Tanaka (2012) e 1.50 1.14 1.96
Montefort (2012) =3 1.1 1.02 1.20
Mitchell (2012) =] 1.10 1.08 1.12
OVERALL 1.10 1.06 1.15

T T T T 1
0.01 01 1 10 100
Relative Risk

Figure 3. Study-specific and random effects pooled relative risks of passive smoking and

allergic rhinitis.
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In subgroup analyses based on age group, a significant association between
passive smoking and allergic rhinitis was observed in adults only (RR=1.17;
95% CI: 1.03-1.32) and in children and adolescents (RR=1.09; 95% CI: 1.04-1.14).
For maternal pregnancy smoking, there was no evidence for a significant
increase in the risk of allergic rhinitis in the offspring (RR=1.07; 95% CI: 0.92-
1.28).

Publication Bias

The funnel plot of active smoking seems to be slightly skewed to the left, which
indicates a potential lack of studies that favor a positive association of the
disease with smoking. (Figure 4) However, the Egger’s test of asymmetry
yielded a non-significant p-value of 0.27 and no hypothetical study was
suggested as missing in the trim-and-fill procedure. The funnel plot for passive
smoking (figure 5) and the corresponding results of the Egger’s test did not
show any evidence of publication bias (p=0.53), but two new studies were
imputed in the trim-and-fill procedure yielding a modified pooled relative risk

of 1.10 (95% CI: 1.05-1.14).
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Figure 4. Funnel plot of relative risk versus standard error of relative risk: allergic
rhinitis, active smoking.
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Figure 5. Funnel plot of relative risk versus standard error of relative risk: allergic

rhinitis, passive smoking.

Meta-regression

The meta-regression with the pooled log relative risk as a dependent variable
and the population variable as a moderator, introduced in the model as a
dichotomous variable (adults/pediatric population), yielded the following
results for the children and adolescents when compared to the adults for
allergic rhinitis and active smoking: RR=1.55; 95% CI: 1.30-1.84; allergic rhinitis
and passive smoking: RR=0.93; 95% CI: 0.81-1.06. These results suggest that the
associations between allergic rhinitis with active smoking are significantly
greater among children and adolescents than among adults. Although these
meta-regression RRs were not statistically significant at a 95% level for passive
smoking, in table 3 we present the results of children and adolescent

populations as a subgroup both for active and passive smoking.

Epidemiologic studies of the risk factors of allergic rhinitis 119
Part 1



Jurgita Saulyte

Results

(papn|oxa salpnis |BUOI}DS-SS0JD) SDIPNIS [0J3UOI-ISED + SIIPNIS 1OYOD :SIIPNIS SIUSPIDU| 4 DdUBLIBA APNIS-UaMIaq 0} NP ddUeLIeA [e10} Jo uojyodold ,

100000 (86°0-8£°0) 88°0 (6T°1-20'T) OT'T (60°T-¥0°T) £O'T €€ € > 24035 Ajjjenp
100000 (00'T-T£°0) 980 (ST'T-v0'T) OT'T (TT'1T-80'T) 60°T (0] € 221025 Ajljenp
10000°0 (00'T-82°0) 680 (61°1-96'0) 90°T (T0°'1-56'0) 86°0 1C poyIaw DYYS|-uou uaJpjiyd
100000 (00°T-99°0) ¥8°0 (9T'T-20°T) TT'T (zT'1-60'T) OT'T 8¢ poyiaw JVYS| uaJp|iyd
10000°0 (00'T-09°0) €8°0 (82'1-26°0) LO'T (90°'T-96°0) TO'T 1T supjows Aoueusaid [eusleN
10000°0 (66'0-££°0) 68°0 (PT'T-v0'T) 60T (60°T-£0'T) 80T 0s Ajuo syuadsajope/uaip|iy)
100000 (86'0-05°0) ¥£°0 (ze'T-€0T) LTT (vTT-0T'T) LT'T €T Ajuo synpy
100000 (£6'0-¥£°0) 980 (LTT-v0'T)ST'T (0T'T-€TT) LT'T 9t juswisnipe a313|dwodu|
100000 (00'T-7£°0)98°0 (zT'T-€0°T) LOT (60°T-90°T) LO'T L€ juswisn(pe |n4
10000°0 (00'T-6£°0) T6'0 (¥€'1-96°0) €ET'T (ET'T-€0'T) 80T 4" 4 S31pN1s 3duspdU|
100000 (66'0-2£°0) 98°0 (yT'T-S0°'T) 60°T (0T'T-£0°'T)80°T 15 SIPNIS [BUOI3DBS-SS0.)
T0000°0 (00'T-¥8°0) S6°0 (z8T-9v°0) vT'T (6€°T-T6°0) €ET'T € S3IPN3S |043U0d-358)
10000°0 (00°T-9£°0) 06°0 (¥€'1-96°0) ¥T'T (ET'T-€0'T) 80T 6 $a1pnis 14oyo)
100000 (66'0-G£°0) £8°0 (ST'T-90°T)0T'T (0T°T-£0'T) 80°T €9 salpnis ||V
aj)Jows anissod

10000°0 (00'T-16'0) 96°0 (62°1-26'0) 60°T (€TT-9T'T)6T'T 6T € >a102s Ayjllenp
100000 (66°0-€£°0) 98°0 (90°1-58'0) S6°0 (€6°0-98°0) 68°0 ST € 2 3J403s Ajjlenp
v€0 (00°T-00°0) 00°0 (80°1-98'0) 96'0 (80°T-98'0) 96'0 14 poyIaW JVYS|-Uou uaJpjiyd
100000 (00'T-€9°0) §8°0 (99'T-G€'T) 0S'T (7 T-vET) 6ET 8 poyaw JyYS| usJp|iyd
10000°0 (00°T-££70) 06°0 (65 T-¥TT)OV'T (6€°T-0€T) SE'T 01 Aluo syuadsajope/ualp|iyd
100000 (£6'0-99°0) 280 (66°0-78°0) 06°0 (£8°0-18°0) ¥8°0 1C Ajuo synpy
100000 (66'0-€8°0) T6'0 (ze'1-98°0) 20T (80'T-86'0) €0°'T 9T juswisnipe s19|dwoouj
100000 (00°1-26°0) 96°0 (oz'1-88°0) 20'T (0T'T-¥0'T) LO'T 81 jusawisn(pe |n4
10000°0 (00°T-99°0) £8°0 (8T°1-18°0) 86'0 (96'0-58'0) 06°0 L 1 S31pN3s 3dUspPU|
100000 (00°T-16°0) G6°0 (8T°T-16'0) €0'T (z1°'1-90'T) 60°T LT SIpN1S [BUOI3DBS-SSOU)
60000 (00°1-65°0) 88°0 (0£°1-55°0) L6°0 (sv'1-66'0) 6T'T € S3IpN3s [0J3U0d-358)
¥200°0 (00°T-£¥°0) 280 (£L0°T-£L0) T6'0 (€6'0-¢8°0) £L8°0 14 SaIpN1s 14oyo)
100000 (66°0-06'0) S6°0 (sT°'1-26°0) TO'T (80°'T-€0°'T) 90'T ve Salpnis ||
bujows anndy

$)09JJ° wopuey $)09)J9 poxIq
(enrea d) 1521 d (1D %S6) « 1 (1D %S6) ¥y (1D %S6) ¥4 sa1pms jo Jaquiny adfy Apms

Sunjows pue spIUIY.L D139 [ JO (1)) S[EAISIUL DUIPYUO0D %G pue (YY) SHSLI 9ANE[a.1 Pa[00 "€ dqeL

Epidemiologic studies of the risk factors of allergic rhinitis

120

Part ]



Jurgita Saulyte Results

Sub-group Analyses in Children and Adolescents

We calculated the random effects pooled relative risks for children cohort
studies, then for children cohort studies and case-control studies combined. For
cohort studies, passive smoking was not significantly associated with allergic
rhinitis (RR=1.14; 95% CI: 0.96-1.34, nine studies), but the association of
increased risk was significant for cohort and case-control studies combined:

RR=1.17; 95% CI: 1.00-1.38, ten studies.
Sensitivity Analysis

To further evaluate the possibility that the results obtained for
children/adolescents were due to publication bias, we assumed that cross-
sectional studies are the kind of studies that are most probably rejected by
journals in case of null results and recalculated our pooled estimates under the
following extreme assumptions: (1) published cross-sectional studies are only
half of the studies of smoking and allergic rhinitis ever conducted among
children, (2) all unpublished studies found an RR of 1, (3) the unpublished
studies found the same prevalence of allergic rhinitis as the average of the
published studies. Under these extreme assumptions, the random effects
pooled estimates for active smoking still show a significant increase in risk:

RR=1.16; 95% CI: 1.08-1.25.

Summary of the results of smoking effect on allergic dermatitis and food allergies

We also retrieved 91 studies on allergic dermatitis and eight on food allergy.
Very modest associations were observed between smoking and allergic
dermatitis and food allergies among adults. When all studies were analysed
together, allergic dermatitis was associated with both active (random effects
pooled RR=1.21; 95% CI: 1.14-1.29) and passive smoking (random effects pooled
RR=1.07; 95% CI: 1.03-1.12). Among children and adolescents, both active and

passive exposure to tobacco smoke was associated with a modest increased risk
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for allergic dermatitis (random effects pooled RR=1.36; 95% CI: 1.17-1.46 and
1.06; 95% CI: 1.01-1.11 respectively). Food allergy was associated with passive
smoking (random effects pooled RR=1.43; 95% CI: 1.12-1.83) when cohort

studies only were examined, but not when all studies were combined.
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In the overall population, active smoking was associated with a modest increase
in the risk for allergic dermatitis but not allergic rhinitis, while passive smoking
was associated with modest increases in the risks for both allergic dermatitis
and allergic rhinitis. Among children and adolescents, we observed significant
associations between both active and passive smoking and allergic rhinitis and
allergic dermatitis, and passive smoking was associated with an increased risk
for food allergy. In children and adolescents, while the observed increase in risk
for allergic diseases associated with smoking was small, the findings are
important given that to the prevalence of active and passive smoking in this
population can be high. Worldwide, 14% of adolescents aged 13 to 15 are active
smokers with some countries reaching a prevalence of 40%, and nearly 25% of
the children who smoke have smoked their first cigarette before the age of 10
years.'’” Furthermore, in the US, more than one-third of children live with at
least one adult smoker.1?0 In other parts of the world, passive exposure to
tobacco among children is even higher as nearly half of children were exposed
to tobacco smoke at home.?! On the basis of the figures above, in countries with
high smoking prevalence we estimate that 14% of allergic rhinitis and 13% of
allergic dermatitis are attributable to active smoking.’??> Eliminating active
smoking in children and adolescents would then prevent one in every seven

cases of allergic rhinitis and one in every eight cases of allergic dermatitis.

That age is an important effect modifier for the relation between tobacco
exposure and risk of allergic diseases is biologically plausible. The US Surgeon
General has suggested that the immaturity of the respiratory, nervous, and
immune systems in children may make them vulnerable to health effects of
smoking.1? Furthermore, unlike adults, children have limited options for
avoiding exposure to second-hand smoke and are unable to reduce the quantity

of products inhaled.1?

Our finding that maternal exposure is not associated with the risk of allergic
diseases in the offspring confirms the results from a previous meta-analysis that

focused on the risk of allergic sensitization measured through skin prick
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positivity or IgE concentrations.®? It is possible that the lack of observed
association is due to the existence of bias given that parents of children at high

risk of allergy may selectively avoid smoking during pregnancy.

The findings from our meta-analysis are subject to several limitations. The
majority of studies were cross-sectional, a design that does not allow for causal
inference and can overestimate relative risks given its reliance on prevalence
ratios. When restricted to cohort studies our analyses showed that many of the
results were no longer significant, especially for the subgroup analysis in
children and adolescents. There is then some evidence that the findings may be

impacted by study design.

Residual confounding (confounding remaining after adjustment) may explain
some of our findings. For some of our analyses, we were unable to detect
meaningful differences in the results between studies that had incomplete
adjustment for confounders and those with more complete adjustment for
confounders and our findings were broadly similar when restricting the
analyses to studies with higher quality scores. However, there are likely to be
other factors, such as genetic factors that were not controlled for and may play a
role in the relationship between smoking and allergic diseases. Although
publication bias cannot be ruled out, its magnitude is likely to be low as shown

by the robustness of our sensitivity analysis.

Several studies assessed allergic diseases through self-report only, which can
lead to misclassification of allergic and nonallergic conditions. Similarly, the
tindings are limited by measurement error in the smoking exposure given that a
majority of studies assessed exposure to smoking in a qualitative fashion and
often on a yes/no basis instead of using a quantitative assessment.
Misclassification and measurement error in SHS assessment may result from a
respondent’s lack of knowledge about current or past exposure, biased recall,
whether intentional or unintentional, and the difficulty in characterizing an

exposure in complex indoor environments.1?* A standard set of items to identify
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passive smoking in distinct settings is needed.1? If misclassification exists, it is
probable that the outcome misclassification is not differential in regard to
smoking and, similarly, measurement error in smoking assessment is not
differential in regard to diagnosis. In this case, the results would be biased
towards the null value, which means that the association with smoking

observed in our meta-analysis is underestimated.

In our subgroup analyses, we were unable to identify any factors that
accounted for study heterogeneity. Given the high heterogeneity estimates, we
focused our interpretation on the random effects estimates. The random effects
model gives increased weights to the effect of small studies, which may
introduce bias in the estimation. It is worth noting that for some of the analyses,
the fixed effects and random effects estimates differ substantially; this may be
due to differences in case or exposure definition and in adjustment for potential

confounders.

Our subgroup analyses found stronger evidence for associations between
smoking and allergic diseases in children and adolescents than adults.
Furthermore, our meta-regression suggested that the association between active
smoking and allergic disorders is larger in children and adolescents than in
adults, which advocates for a transient effect through life. This finding is in
accordance with the “atopic march” concept that suggests that the sequence of
sensitization which starts in childhood may show a tendency to spontaneous
remission later in life.126 It is then plausible that sensitization to tobacco is
mitigated by increasing age. Further research is needed to verify whether the
association between smoking and risk of allergy in adults is similar for those
who started smoking as an adult and those who started smoking during

childhood or adolescents.
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Annex L. Quality scoring of the allergic rhinitis studies

Criteria:
1. Smoking definition:
Duration - duration of smoking considered

or
Number of cigarettes smoked (usually per day/per year)

2. Determination of allergic rhinitis well defined, with one of these:

-SKP “or”
_ IgE Ilorll
- Medical diagnosis

3. Adjusted for:
- Sex
- Age and
- Any other

4. Participation rate > 80%

5. Target population clearly defined
Abbreviations:

AS - active smoking

SHS - second hand smoking
SHS in Utero - mothers smoking during pregnancy

SHS + in Utero - second hand smoking + mothers smoking during pregnancy
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Annex II.

Copy of the article “Active or passive exposure to tobacco smoking and
allergic rhinitis, allergic dermatitis, and food allergy in adults and children: a
systematic review and meta-analysis”, published in the journal PLOS Medicine.

OPEN 3 ACCESS Freely available online ‘@ PLOS | meoicine

Active or Passive Exposure to Tobacco Smoking and
Allergic Rhinitis, Allergic Dermatitis, and Food Allergy in
Adults and Children: A Systematic Review and
Meta-Analysis

Jurgita Saulyte'?, Carlos Regueira'?, Agustin Montes-Martinez'*?, Polyna Khudyakov?,
Bahi Takkouche'?*
1 Department of Preventive Medicine, University of Santiago de Compostela, Santiage de Compostela, Spain, 2Centro de Investigacion Biomédica en Red de

Epidemiologia y Salud Piblica (CIBER-ESP), Barcelona, Spain, 3 Departments of Epidemiclogy and Biostatistics, Harvard School of Public Health, Boston, Massachusetts,
United States of America

Abstract

Background: Allergic rhinitis, allergic dermatitis, and food allergy are extremely common diseases, especially among
children, and are frequently associated to each other and to asthma. Smoking is a potential risk factor for these conditions,
but so far, results from individual studies have been conflicting. The objective of this study was to examine the evidence for
an association between active smoking (AS) or passive exposure to secondhand smoke and allergic conditions.

Methods and Findings: We retrieved studies published in any language up to June 30th, 2013 by systematically searching
Medline, Embase, the five regional bibliographic databases of the World Health Organization, and ISI-Proceedings
databases, by manually examining the references of the original articles and reviews retrieved, and by establishing personal
contact with clinical researchers. We included cohort, case-control, and cross-sectional studies reporting odds ratio (OR) or
relative risk (RR) estimates and confidence intervals of smoking and allergic conditions, first among the general population
and then among children. We retrieved 97 studies on allergic rhinitis, 91 on allergic dermatitis, and eight on food allergy
published in 139 different articles. When all studies were analyzed together (showing random effects model results and
pooled ORs expressed as RR), allergic rhinitis was not associated with active smoking (pooled RR, 1.02 [95% CI 0.92-1.15]),
but was associated with passive smoking (pooled RR 1.10 [95% Cl 1.06-1.15]). Allergic dermatitis was associated with both
active (pooled RR, 1.21 [95% CI 1.14-1.29]) and passive smoking (pooled RR, 1.07 [95% Cl 1.03-1.12]). In children and
adolescent, allergic rhinitis was associated with active (pooled RR, 1.40 (95% CI 1.24-1.59) and passive smoking (pooled RR,
1.09 [95% Cl 1.04-1.14]). Allergic dermatitis was associated with active (pooled RR, 1.36 [95% CI 1.17-1.46]) and passive
smoking (pooled RR, 1.06 [95% Cl 1.01-1.11]). Food allergy was associated with SHS (1.43 [1.12-1.83]) when cohort studies
only were examined, but not when all studies were combined. The findings are limited by the potential for confounding
and bias given that most of the individual studies used a cross-sectional design. Furthermore, the studies showed a high
degree of heterogeneity and the exposure and outcome measures were assessed by self-report, which may increase the
potential for misclassification.

Conclusions: We observed very modest associations between smoking and some allergic diseases among adults. Among
children and adolescents, both active and passive exposure to SHS were associated with a modest increased risk for allergic
diseases, and passive smoking was associated with an increased risk for food allergy. Additional studies with detailed
measurement of exposure and better case definition are needed to further explore the role of smoking in allergic diseases.

Please see later in the article for the Editors” Summary.
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Introduction

Allergic rhinits, allergic dermatitis, and food allergy, in addition
to asthma, are extremely common diseases worldwide, Indeed,
allergic rhinits affects 10% to 20% of the general population in
Europe and the US [1,2] and up to 40% of children [3]. The
prevalence of allergy to any food varies between 3% and 35%
[4], while that of allergic dermatitis reaches 20% in many countries
[3]. These diseases have profound consequences on the patient’s
quality of lift and imply a high cost both to the patient and
insurance providers [6,7]. Among infants, these costs reach more
than US$4,000 per year per case of food allergy [8].

Recent studies have suggested that these diseases are but one
unique set of immunoglobulin-E (IgE}lmediated allergic conditions,
linked by the common thread of “atopic march” [9]. This concept
postulates that those conditions are a continuous state that starts
with dermatitis and food allergy and eventually progresses to asthma
and allergic rhinitis. Indeed, these diseases often co-exist in the same
patient and can predict the occurrence of each other [10].

Smoking and Allergic Diseases

Worldwide, the prevalence of allergic diseases has increased
substantially in the last few decades [11,12], which may have two
explanations. On the one hand, increased clinician awareness, as
well as patient and parental awareness, may have led to improved
identification and increased case presentation to physicians [12].
On the other hand, it is possible that this increase is due t
changing exposure to known and unknown risk factors [13], and
among these factors, smoking may play a role. An increased risk
of allergic diseases among individuals exposed to tobacco smoke
is biologically plausible as smoking is known to facilitate
sensitization to perenmial indoor allergens, such as those caused
by furry animals, as well as to some outdoor allergens such as
pollen [14].

Increased risk of food allergy among infants exposed to tobacco
smoke s also plausible. Food allergens are likely to be found in
house dust. Swallowed foods are also inhaled or aspirated by
infants, and thus, may cause sensitization that could be facilitated
by exposure to tobacco smoke. The early and simultancous
exposure to tobacco smoke and food allergens may interfere with

1457 papers identified from online search strategy

929 papers rejected based on title

A 4

528 abstracts reviewed

7| abstract

_| 312 papers rejected based on

Y

217 full text articles reviewed

8 publications were >
found after
examination of the
references of the
articles retrieved and

recent reviews outcome

diseases as outcome

3 publications found

by other methods 4 were case descriptions

89 papers were rejected based on their full text:

23 contained no original data (reviews or full reports)
20 do not analyze smoking as a risk factor

13 were duplicate publications from which no
additional data were obtained

11 present SPT or IgE concentrations as an

9 do not present a clear outcome, or mix several
8 do not provide enough data to calculate OR

- 1 was an ecological study

v

139 papers were included in the review

Figure 1. Flow diagram for study selection.
doi:10.1371/journal pmed.1001611.g001
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Study RR  95% Conf. Interval
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Figure 2. Study-specific and random effects pooled relative risks of active smoking and allergic rhinitis.

doi:10.1371 fjournal pmed. 100161 1.g002

the normal development of immunologic tolerance and thus,
facilitate sensiizadon to food [14].

Furthermore, smoking augments nasal responses to allergen in
atopic subjects and increases IgE, immunoglobulin G4 (IgG4), and
postallergen histamine levels in nasal lavage fluid [15,16].

PLOS Medicine | www.plosmedicine.org 3

Allergic conditions are, in general, more prevalent i children.
A potential effect of smoking would have a considerable impact on
public health due to the frequency of exposure worldwide. Indeed,
children and adolescents are exposed to secondhand smoke in a
proportion that varies between 27.6% i Africa and 77.8% in
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Study RR 95% Conf. Interval
Ceasa (1953) —— , D45 03 0.65
Cakir (2010) —— 161 1147 221
Lin (2011} —ea— 205 134 315
Wiright [1924) = 193 163 230
Lewis (1958) ] 0.89 082 0.57
Bergmann (2000) —— 105 072 155
Tariq (2000) = 0.88 047 1.66
MoKeever (2001) =] 102 054 111
Magnusson (2005) =- 1.10 100 1.40
Johanssan (2008} = .20 110 1.3
Keil (2009) —89— 103 074 1.44
Codispati (2010) — = 2 074 225
Leuenterger (1394) < Q2 0ez 1.28
Moyes (1895) —— D.a0 055 115
Austin {1997} - 063 051 077
Farooqi (1998) = 1,04 082 132
Lam (1998} [==] D98 088 1142
Ponsonby (1998) 3 0gs 088 1.06
Mortetodt {1598} B 113 1.00 128
Duhme {1998} B3 101 o 113
Burr (1598) E3 1.04 1.00 1.08
Keles {15999) = 0.80 040 1.30
Zachariasiewicz (2000) [==] 1.04 053 147
Hijem (2001) ca 096 0 112
Janson {2001} 9 a2 g1 1.20
Diotterud (2001) = 0.90 0 1.47
Kalyencu (2001} = 1.20 108 135
Lee (2001) ] 19 111 128
Stazi (2002} —= 220 120 410
Peroni (2002) = 1.19 089 150
Barraza (2003) = 137 123 1.5
Monted (2004) = 141 128 1.58
Lee (2004) = 081 072 0.9
Krames (2004) 0.36 038 1.96
Dherrur (2004) S 243 132 4.52
Miyake {2004) = 1.1 098 127
Annesi (2004) B 1.15 1.09 122
De {2005} ] .16 043 312
Topp (2005) = 110 083 130
Maziak (2005) = 12 085 1.48
Miyake (2005) = 133 108 1.62
Strumylaite (2005) -l 085 020 345
Lund {2008} = 13 1.00 160
Kurcsaka {2006} == 082 078 0.87
Sakar (2008} e 133 008 183
Ho (2007) +—=— 1.34 083 1.94
Horak (2007) = 13 0 1.90
Ebbert (2007) —=— 116 0es 1.58
Tanaka {2007} 3 ar 058 118
Zuraimi {2008} o | 122 111 1.35
Foliaki (2008} E3 as 089 112
Kabir (2008} —=- 330 1.01 1.67
Brestianini (2008) —a=— 117 0vs 1.76
Musharrafieh (3009) =5 oo 0.80 1.20
Gonzakez (2010) = 137 123 1.53
Bedolla {2070} - 1.01 048 213
Wang (2010) = 1.00 081 1.24
Wiaski (2011) [==] 0gs 088 111
Wirkkula {2011} n - 229 1.07 487
Penaranda (2012) = 1.19 o 1.42
Tanaka (2012} -=- 1.50 114 186
Montefort {2012} = 1.11 102 1.20
Mitchell {2012} [===] 0 108 112
OVERALL 0 108 118
I T T T T —T T = g
0o 01 1 10 100
Relative Risk

Figure 3. Study-specific and random effects pooled relative risks of passive smoking and allergic rhinitis.

doi:10.1371//journal pmed. 100161 1.g003
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Table 2. Relative risks and 95% confidence intervals of allergic rhinitis by smoking exposure in cross-sectional studies.

Variables of Adjustment,

PLOS Medicine | www.plosmedicine.org

Source Country Population Active Smoki Passive Smoki Study Size Matching, or Restriction

Bakke 1990 [53] Norway Adolescents and adults 068 (0.58-0.80) - 4270 Age, sex, occupational
exposure, residence

Leuenberger 1994 [54] Switzerland Aduls - 1.02 (0.82-1.28) 3494 Not specified

Ng 1994 [55] Singapore Adults 1.16 (082-165)  — 2,868 Age, race, housing,
cockroaches, occupation,
fumes

Moyes 1995 [56] New Zealand Schoolchildren - 0.80 (0.55-1.15) 5360 Age

Wutrich 1996 [57] Switzerland Adults 062 (053-0.71) - 8,344 Age, sex, location

Min 1997 [58] Korea Children and adults 0.81 (0.38-1.34) — 8,853 Age

Siracusa 1997 [59] Italy Children and adults 09 (05-1.9) -_ 824 Age, sex, allergens

Austin 1997 [60] UK Children - 0.63 (0.51-0.77) 1537 Age

Farooqi 1998 [61] UK Children - 1.04 (0.82-1.32) 1,934 Not specified

Lam 1998 [62] Hong Kong Schoolchildren 097 (0.86-1.09) 0.98 (0.86-1.12) 6,304 Age, sex, residence, housing

Ponsonby 1998 [63] Australia Children o 0.95 (0.86-1.05) 6378 Age

Montefort 1998 (641 Malta Schoolchildren 167 (143-195) 113 (1.0-1.28 4,184 Age, sex, road, pets,
parental atopy, blankets

Duhme 1998 [65] Germany Schoolchildren 137 (1.17-159) 1.01 (0.90-1.13) 13123 Age, sex

Burr 1999 [66] UK Schoolchildren 130 (1.23-138) 1.04 (1.00-1.09) 25393 Age, sex, location,
residence, pets, cooking and
heating fuel, housing

Dotterud 1999 [67] Russia Adults 060 (040-117)  — 3,368 Not specified

Keles 1999 [68] Turkey Adolescents 0.6 (02-1.6) 08 (04-13) 386 Age, sex, heating, location

Plaschke 2000 [69] Sweden Adules 082 (049-137) — 1370 Age, sex, location, pets,
allergens

Zacharaslewicz 2000 [70) Austria Children — 1.04 (0.93-1.17) 18,606 Age, sex, family history of
hay fever, education

Upton 2000 [71] UK Adults 0.70 (054-091) — 2832 Age

Ozdemir 2000 [72] Turkey University freshmen 128 (0.82-1.98) — 1515 Age

Hjern 2001 [73] Sweden Children — 0.96 (0.83-1.12) 4472 Age, sex, siblings, parental
education, residence, single
parent household, country
of birth of parents, location

Hjern 2001 [73] Sweden Adults 0.78 (0.72-0.84) == 6,909 Age, sex, education,
residence, country of birth,
location

Janson 2001 [74 World Adules — 1.02 (0.81-1.20) 7882 Age, sex, allergens, IgE,
location

Simpson 2001 [75] UK Adules 0.78 (0.65-093) - 5,687 Sex, allergens, pets

Dotterud 2001 [76] Russia Schoolchildren —_ 0.50 (0.69-1.17) 1,684 Age, sex, campets, dampness,
pets, heating type

Kalyoncu 2001 [77] Turkey University students 124 (1.01-153) 1.20 (1.06-1.35) 4639 Age, sex, region, family
atopy, pets, elder siblings

Lee 2001 [78] Korea Schoolchildren = 1.19 (1.11-1.28) 38,955 Age, sex, region, body mass
Index, carpets, pets, location

Stazi 2002 [79] Italy Children — 22 (1.2-4.1) 20 Age, sex

Peroni 2003 [80] Italy Preschool children o 1.19 (0.89-1.59) 1,402 Age

Barraza 2003 [81] Mexico Schoolchildren - 137 (1.23-1.52) 6,174 Age, school, cockroaches,
respiratory problems, use of
carpets, humidity, family
history of asthma

Monteil 2004 [82] Trinidad & Schoolchildren -_ 141 (1.26-1.59) 3,170 Age

Tobago
Lee 2004 [83] Hong Kong School children - 081 (0.72-0.91) 4448 Age, sex, birth weight,

siblings, respiratory tract
infections, parental atopy,
pets, study period
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Table 2. Cont.
Variables of Adjustment,

Source Country Population Active Smoki Passive Smoki Study Size Matching, or Restriction

Kramer 2004 [84) Germany School beginners — 086 (0.38-1.96) 1,220 Age, sex, atopy, nationality

Demir 2004 [B5] Turkey Schoolchildren — 243 (132-4.52) 1,064 Age

Miyake 2004 [86] Japan Schoolchildren - 111 (0.98-1.27) 5539 Age, sex, grade, older
siblings, maternal age at
child birth, pets, history of
other allergic diseases

Annesi-Maesano 2004 [87]  France Adolescents 165 (148-1.84) 115 (1.09-1.22) 14578 Age, sex

De 2005 [88] Ireland Children = 1.16 (043-3.12) a1 Mot specified

Topp 2005 [89) Germany Adules - 1.10 (0.93-1.30) 4,093 Age, sex, social class,
location

Maziak 2005 [90] Syria Adults i 1.12 (0.85-1.48) 1,118 Age, sex, familial atopy,
socloeconomic status,
oo pational

Miyake 2005 [91] Japan Pregnant women 1.10 (0.85-1.42) 133 (1.09-1.62) 1,002 Age, sex, familial atopy,
pets, gestation, parity,
family income, education,
mite antigen level

Buglani 2005 [92] Iraly Young adults 0.76 (0.60-0.84) o 17,666 Net specified

Obihara 2005 [93]* South Africa Children —_ — 861 Age, sex, matemal atopy,
breast feeding, siblings,
household income,
tuberculin test

Strumylaite 2005 [94] Lithuania Children = 085 (0.20-3.45) 594 Age

Lund 2006 [951° France Mature women 1.10 (0.92-1.30) 131 (1.0-1.6) 2,197 Age, sex

Kurosaka 2006 [96] Japan Schoolchildren - 052 (0.78-0.87) 35213 Age, sex, pets

Sakar 2006 [97] Turkey Adults 130 (0.99-1.71) 133 (0.96-1.83) 1336 Age, sex, family atopy

Ho 2007 [96] Hong Kong Adults = 134 (0.93-1.94) 200 Age, sex, education,
occupational exposures

Horak 2007 [99] Austia Preschool children —_ 131 (0.90-1.50) 1,737 Age, sex, familial atopy,
education, family size, pets,
breastfeeding, healthy
nutrition

Ebbert 2007 [100] USA Adults = 1.16 (0.85-1.59) 1,007 Net specified

Tanaka 2007 [101] Japan Children —_ 1.07 (0.98-1.16) 23,044 Age, sex, location, familial
atopy, siblings, education
level

Zuralml 2008 [102] Singapore Preschool children —_ 122 (1.11-1.35) 4,759 Age, sex, familial atopy,
race, socloeconomic status,
housing type,
breastfeeding, food allergy,
respiratory infections,
housing conditions, traffic
density

Foliaki 2008 [103] Pacific countries Children — 1.05 (0.99-1.12) 17,683 Age, sex, country

Gomez 2008 [104] Argentina Adolescents 172 (1.48-199) — 3,000 Age

Kabir 2009 [105] Ireland Children 130 (1.01-1.67) 2,809 Age, sex

Bresclanini 2009 [106] Italy Schoolchildren - 1.17 (0.79-1.76) 481 Age, sex, family atopy, body
mass index, pets, physical
activity, diet, location

Musharrafieh 2009 [107] Lebanon Adolescents —_— 10(0.8-1.2) 3115 Age, sex, nationality,
reglons, school type, traffic

Gonzalez-Diaz 2010 [108] Mexico Children and Adolescents — 137 (1.23-1.53) 23,191 Age

Bedolla-Barajas 2010 [109]  Mexico Schoolchildren — 1.01 (0.48-2.13) 740 Age

Wang 2010 [110] Canada Schoolchildren - 1.00 (0.81-1.24) 8334 Age, sex, body mass index,
location, birthplace,
ethnicity, maternal
education, siblings, fuel use,
pets, acetaminophen,
physical activity
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Europe [17] and approximately 14% of all children were exposed
to maternal smoking during pregnancy [18].

Several studies have assessed the association between smoking
exposure and allergic diseases. In each of the allergic conditions,
results were conflicting and alternated between the harmful effects
of smoking [14,19,20] and protection [21-23], while some studies
could not find evidence of any effect [24-26].

Except for a systematic review and meta-analysis examining the
relationship between smoking and asthma in children [27], to our
knowledge, there is no comprehensive meta-analysis that examines
the evidence for a relationship between smoking and allergic
conditions. We, therefore, summarized the scientific evidence and
carried out a meta-analysis on exposure to active and passive
smoking and the risk of allergic rhinitis, allergic dermatits, and
food allergy among adults and children/adolescents.

Methods

Data Sources and Searches

We searched databases from 1966 to June 30th, 2013, to identify
all potentially eligible studies. For Medline, we applied the following
algorithm both in medical subject heading and in free text words:
(“SEASONAL ALLERGIC RHINITIS® OR “POLLEN AlL-
LERG#*’ OR “POLLINOSIS” OR “POLLINOSES” OR “HAY
FEVER” OR “RHINITIS, ALLER GIC, NONSEASONAL” OR
“RHINITIS, ALLERGIC, PERENNIAL” OR “DERMATITIS,
ATOPIC” OR ECZEMA OR “FOOD ALLERGIES® OR
“HYPERSENSITIVITY, FOOD”) AND (SMOKING OR TO-
BACCO OR CIGARETT*). We used similar strategics to search
Embase and the five regional bibliographic databases of the World
Health Organization (AIM, LILACS, IMEMR, IMSEAR,
WPRIM). We searched meeting abstracts using the ISI Proceedings

PLOS Medicine | www.plosmedicine.org

Table 2. Cont.
Variables of Adjustment,

Source Country Population Active Smoki Passive Smokil Study Size  Matching, or Restriction

Vlaski 2011 [111] Macedonia Adolescents — 0.99 (0.88-1.11) 3026 Age, sex, diet, type of
cooking and heating, pets,
maternal education, siblings

Virkkula 2011 [112] Finland Children - 229 (1.07-4.87) 38 hge

Hakansson 2011 [113] Denrmark Adults 0.79 (0.68-092) - 34N Age, sex

Chen 2012 [114] Tatwan Children —_ — 420 Age, sex, parental atopy,
parental education

Pefiaranda 2012 [115] Colombia Children - 1.19 (0.99-1.42) 3256 Age, asthma, dermatitis, use
of acetaminophen and
antibiotics, maternal
education, caesarean
delivery

Penaranda 2012 [115] Colombia Adolescents 1.4 (12-1.7) — 3829 Age, asthma, dermatitis, use
of acetaminophen,
consumption of fast-food,
cats

Tanaka 2012 [116] Japan Pregnant women 1.01 (0.84-1.23) 1.50 (1.14-1.96) 1,743 Age, sex, region of
residence, parental atopy,
household income,
education

Montefort 2012 [117] Malta Children 140 (1.11-1.76) 1.1 (1.02-1.20) 7955 Age

Mitchell 2012 [118] Muttiple countriesChildren - 1.10 (1.08-1.12) 573,061 Age, sex, language, region,
gross national income

“Only data on maternal king during pregnancy are availabl

This study used cases of rhinitis at large, not only allergic rhinitis.

dol:10.1371/joumal pmed.1001611.£002

database from its inception in 1990 to 2013. We also examined the
references of every article retrieved and those of recent reviews of
allergic rhinitis and smoking [16,28-33] and established personal
contact with clinical researchers to trace further publications or
reports. We considered including any relevant article, indepen-
dently of the language of publication.

Study Selection

Studies were included if: (1) they presented original data from
cohort, case-control, or cros-sectional studies (ecologic studies
were not included); (2) the outcome of interest was clearly defined
as allergic rhinitis, allergic dermatitis, or food allergy; (3) one of the
exposure factors was smoking, either by the subjects themselves or
their relatives; (4) they provided estimates of odds ratio (OR),
relative risk (RR), or prevalence odds ratio and their confidence
intervals, or enough data to calculate them. If data on the same
population were duplicated in more than one study, the most
recent study was included in the analysis. When data for different
types or levels of exposure were available in the same study, such
as passive smoking, active smoking, or maternal smoking during
pregnancy, we considered each type of exposure separately. We
developed a standard data-recording form in which we recorded
authors, year of publication, study location, sample size, outcome,
outcome measurement details, effect estmator (OR, RR, other),
effect estimate, 95% Cls, adjustment factors used, and study
design including if the International Study of Asthma and Allergies
in Childhood (ISAAC) methodology was followed. ISAAC is a
large international epidemiologic study on risk factors of allergic
discases, the methods of which are widely used. When further
clarification was necessary, we attempted to contact the authors.
Abstracts were reviewed independently by two authors (BT
and JS).
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Quality Assessment

Study quality was assessed using a five-point binary scale
specifically developed for this study. The scale is based on the
Newecastle-Ottawa  scale [34] with modifications in view of
standard guidelines and our own judgment. The Newcastle-
Ottawa scale is a scoring system that assesses every aspect of an
observational epidemiologic study from a methodological point of
view. For this meta-analysis, we tried to use those elements that
were common to all epidemiologic designs and thus shortened the
scale considerably. We used the following criteria labelled as “yes™
or “no™: (1) whether assesment of the smoking habit included
duration and/or quantity (yes) or not (no); (2) whether rhinits
diagnoss included clinical features and IgE or skin prick test (SPT)
measurements (yes) or was based on clinical examination or
questionnaire only (no), whether dermatitis diagnoss included
clinically assessed diagnosis (yes) or was based on questionnaire
information only (no), whether the diagnosis of food allergy was
based on clinical diagnosis with SPT, IgE, or open-challenge test
(yes) or was based on questiormaire information only (no); (3)
whether results were adjusted for age, sex, and at least one other

PLOS Medicine | www.plosmedicine.org

Table 3. Pooled relative risks and 95% confidence intervals of allergic rhinitis and smoking.
RR (95% CI) Fixed RR (95% Cl) Random

Study Type Number of Studies Effects Effects Ri® (95% CI) Q test (pValue)
Active smoking
Al studies 34 1.06 (1.03-1.08) 102 (0.92-1.15) 0.95 (0.90-0.99) 0.00001
Cohort studies 4 0.87 (0.82-0.93) 091 (0.77-1.07) 082 (0.47-1.00) 0.0024
Case-control studies 3 1.19 (0.59-1.45) 097 (0.55-1.70) 0.88 (0.59-1.00) 0.0009
Cross-sectional studies 27 1.09 (1.06-1.12) 103 (0.91-1.18) 095 (0.91-1.00) 0,00001
Cohort+case-control studies 7 0.90 (0.85-0.96) 098 (0.81-1.18) 0.87 (0.66-1.00) 0.00001
Full adjustment 18 1.07 (1.04-1.10) 102 (0.88-1.20) 096 (0.92-1.00) 0.00001
Incomplete adjustment 16 1.03 (0.58-1.08) 1.02 (0.86-1.22) 0.91 (0.83-0.99 0.00001
Adults only 2 084 (0. 81-087) 090 (0.82-099) 082 (0.66-0.97) 0.00001
Children/adolescents only 10 1.35(1.30-1.39) 140 (1.24-15% 0.90 (0.77-1.00) 0.00001
Children ISAAC method 8 130 (1.34-1.44) 150 (1.35-1.66) 085 (0.63-1.00) 0,00001
Children non4SAAC method 2 0.96 (0.86-1.08) 096 (0.86-1.08) 0.00 (0.00-1.00) 0.34
Quality score =3 15 0.89 (0.86-0.93) 095 (0.85-1.06) 086 (0.73-0.99) 0.00001
Quality score <3 19 1.19(1.16-1.23) 109 (0.92-1.29 0.96 (0.91-1.00) 0.00001
Passive Smoking
All studies 63 1.08 (1.07-1.10) 1.10 (1.06-1.15) 0.87 (0.75-0.99 0.00001
Cohort studies 9 1.08 (1.03-1.13) 114 (0.96-134) 0.90 (0.76-1.00) 0,00001
Case-control studies 3 1.13 (0.91-1.39) 1.14 (0.46-2.82) 0.95 (0.84-1.00) 0.00001
Cross-sectional studies 51 1.08 (1.07-1.10) 109 (1.05-1.14 086 (0.72-0.99) 0.00001
Cohort+case-control studies 12 1.08 (1.03-1.13) 113 (0.96-1.34 091 (0.79-1.00) 0.00001
Full adjustment 37 1.07 (1.06-1.09) 107 (1.03-1.12) 0.86 (0.72-1.00) 0,00001
Incomplete adjustment 26 117 (1.13-1.20) 115 (1.04-127) 086 (0.74-0.97) 0.00001
Adults only 13 117 (1.10-1.24) 117 (1.03-132) 0.74 (0.50-0.98) 0,00001
Children/adolescents only 50 1.08 (1.07-1.09) 109 (1.04-1.14 0.89 (0.77-0.99) 0.00001
Children ISAAC method 28 110 (1.09-1.12) 111 (1.07-1.16) 054 (0.66-1.00) 0,00001
Children non-SAAC method 21 0.98 (0.95-1.01) 106 (0.95-1.19) 0.9 (0.78-1.00) 0.00001

pr y smoki 1 1.01 (0.96-1.06) 107 (0.92-1.28) 083 (0.60-1.00) 0,00001
Quality score =3 30 1.09 (1.08-1.11) 1.10 (1.4-1.15) 0.86 (0.71-1.00) 0.00001
Quality score <3 33 1.07 (1.04-1.09) 1.10 (1.02-1.1% 0.88 (0.78-0.98) 0.00001
*Proportion of total varance due to between-study vadance.
doi:10.1371/joumal prmed. 1001611 1003

potential confounder (yes) or not (no); (4) whether participation
exceeded 80% of the people initally approached (yes) or not (no);
and, finally (3) whether the target population was clearly defined
(yes) or, on the contrary, based on convenience sampling of
subjects such as patients of a single consultation (no). Throughout
this assessment, when the information on a specific item was not
provided by the authors, we graded this item as “no.” We carnied
out a pooled analysis on those studies that fulfilled at least three
criteria and compared with those that scored fewer than three. As
a secondary analysis, we stratified our results on criterion 1 and
present the pooled relative risks in Table 52,

Data extraction and quality scoring were performed indepen-
dently by two reviewers (BT and JS) and the results were merged
by consensus. The complete protocol and results for quality
scoring are available in Table 51.

Data Synthesis and Analysis

We weighted the study-specific log odds ratios for case control
and crosssectional studies, and log relative risks for cohort studies
by the mverse of their variance to compute a pooled relative risk
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Figure 4. Funnel plot of relative risk versus standard error of relative risk: allergic rhinitis, active smoking.
doi:10.1371 journalpmed. 100161 1.g004
and 1z 95% confidence mterval. For each study, we used the The secondary analyses (children and  adolescents/

estimate of the effect measure that was adjusted for the largest
number of confounders. We present both fixed-effects and random
effects pooled estimates but use the latter when heterogeneity was
present. Odds ratios from case-control studies were assumed to be
unbiased estimates of the relative risk [35].

We used a version adapted to small samples of the DerSimonian
and Laird Q test to check for heterogeneity [36]. The null
hypothesis of this test is the absence of heterogeneity. To quantfy
this heterogeneity we caleulared the proportion of the total variance
due to between-study vanance (Ri statistic) [36]. Furthermore, we
explored the origin of heterogeneity by restricting the analysis to
subgroups of studies defined by study characteristics such as study
design, type of exposure {active or passive smoking), and age of the
participants (children/adolescents or adults).

To check whether the pooled estimates were significantly
different between subgroups we carried out a meta-regression with
the global effect as dependent variable and the subgroup variable
as moderator.

We assessed publication bias, first visually, usng funnel plots
and then, more formally, using the test proposed by Egger and
colleagues [37]. We also wsed the rim-and-fil method to correct
for potential publication bias. All analyses were performed with
the software HEpIMA version 2.1.3 [38] and STATA version 12

with its macros metabias, metareg, and metatrim.

PLOS Medicine | www.plosmedicine.org

adults, ISAAC/ other, cohort and case-control studies combined/
cross-sectional studies, high quality/low quality) were planned a
priori.

Results

We identified 196 studies, published in 139 different articles and
carried out in 51 countries, on active or passive smoking and
allergic diseases that met our inclusion criteria (Figure 1). The data
from one study were obtained from the authors [39]. We found 97
studies on allergic rhinitis [19,21,24,39-118], 91 on allergic
dermatiis  [19,20,22,24-26 44-46,48,53,60-65,67,73,75,76,78,
853-67,91,93,96,97,99,101-103,105-107,110,111,116-165],
cight on food allergies [14,23,26,75,126,136,166-168).

A large majority of the articles retrieved initially were excluded
either because they did not provide any effect measure or the
ourcome was allergy at large. More specifically, of the studies that
could have been relevant to our meta-analyss but were finally
excluded, eight were discarded because they were an early version
of cohort studies updated in subsequent publications [169-176].
Orher studies published their results several dmes [175-181] in
which case we chose to include the most complete report. Some
studdies were excluded because the outcome was not allergic rhinitis,
dermatitis, or food allergy but rather SPT or IgE concentradons

and
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Figure 5. Funnel plots of relative risk versus standard error of relative risk: allergic rhinitis, passive smoking.

doi:10.1371journal pmed.1001611.g005

[182-192]. We also excluded nine studies that used either
unspecific outcomes such as nasal symptoms [193,194], or a
mixture of allergic discases as a single outcome [195-201]. Eight
studies [138,202-208] were excluded as they did not present any
effect measure. Finally, one ecologic study was not considered
further [209].

Globally, heterogeneity was substantial overall and smilarly
high after stratfication by desgn, quality features (including
adjustment for confounders), and study population. Given the
substantial heterogeneity, we focused on the random effects
analyses; however, the fived effects analyses are presented for
comparison and only discussed where they differ.

Allergic Rhinitis

Thirty-four studies on active smoking and 63 studies on passive
smoking were available (Figures 2 and 3; Tables 1 and 2). The
overwhelming majority of the studies assessed diagnosis through
questionnaire and only seven studies used SPT or IgE measure-
ments for the case definiton [39,42,46,52,57,101,113]. The study
by Wright and colleagues [42] measured SPT reactvity but used a
definition of physician diagnosed allergic rhinids that included
both SPT-positive and SPT-negative children. More than half of
the studies used ISAAC criteria for the definition of allergic
rhinitis. Finally, 11 studies assessed maternal smoking during
pregnancy [44,45,47-49,60,70,81,93,99,1 14].

PLOS Medicine | www.plosmedicine.org

Table 3 shows the results for associations between smoking and
allergic rhinitis.

Active Smoking

Using random effects analysis, there was no  significant
association between active smoking and the risk of allergic rhinits
when all studies are considered (RR = 1.02; 95% CI 092-1.15).
Usng fixed effect analysis for all studies, there was a sgnificant
association between active smoking and risk of rhinitis (RR = 1.06,
95% CI 1.03-1.08); however, this may be explained by the
considerable amount of heterogencity due to differences in
designs, case, and exposure definiions and adjustment for
confounders. It is remarkable that, under the fixed effects model,
the result of the cross-sectional subgroup (RR=1.09; 95% CI
1.06-1.12) is statistically significant and opposed o the result of
the cohort studies subgroup (RR=0.87; 95% CI 0.82-0.93).

When restricting the analyss to the ten studies carried out on
children and adolescents, active smoking was associated with an
increased pooled relative risk of 1.40 ©95% CI 1.24-1.59). In
further sub-group analyses, the association was significant in the
studies that used the standardized ISAAC protocol (RR = 1.50,
95% CI 1.35-1.66), but not those that used their own prowcol
RR =096, 95% CI 0.88-1.08). A reverse association between
active smoking and allergic rhinitis was observed in adults only
RR=0.90, 95% CI 0.82-0.99)

March 2014 | Volume 11 | lssue 3 | e1001611
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Study RR 95% Coni. Interval
Mills (15984) —a— 1.10 0.65 1.86
Cakir (2010) —a— 1.26 0.7e 2.02
Lee (2011) —_— 418 1.87 8.90
Miyake (2011) —o— 112 0.79 157
Shaheen (1999} (=} 1.27 1.12 1.44
Lerbaek (2007) —a- 1.10 0.87 1.40
Edman (1988) I a— 2.37 088 5.76
Bakke (1920) =] 1.12 1.01 1.24
Liss (1997) O 0.86 061 1.22
Duhme {1998) - 1.32 1.07 1.62
Lam (1998) O 1.06 o081 1.24
Mentefort (1958) = 1.76 1.47 212
Dotterud (1929) o 2.42 1.24 471
Simpson (2001) | 0.90 0.75 1.07
Linneberg {2003) = 235 1.72 319
Montnemery (2003) = 1.03 0.91 1.24
Annesi (2004) ] 1.38 1.23 1.56
“Yemaneberhan {2004) = 1,70 0.a7 297
Miyake (2005) 0.66 0.43 1.02
Martnemery {2005) o 1.35 1.04 1.75
Sakar (2008) —O— 1.31 0.7 1.78
Datterud (2007) o 1,20 0.89 1.60
Altwa (2008) 0.59 0.03 13.50
Meding (2008) o 1.05 085 1.18
Thyssen (2010) o 1.28 1.10 1.48
Meding (2010) ) 1.15 1.08 1.22
Yang (2011) o 0.88 0.71 110
Park (2011} —a- 1.69 1.27 2.24
Berglind (2011) =] 1.03 1.01 1.04
Breunig (2012) —o— 1,06 0.75 1.50
Rénmark (2012) B8 1.20 1.16 1.25
Tanaka (2012) - 1.08 0.85 1.37
Mentefort (2012) o 1.68 1.35 2.09
OVERALL 1.21 1.14 128

I T T T 1
0.01 0.1 1 10 100
Relative Risk

Figure 6. Study-specific and random effects pooled relative risks of active smoking and allergic dermatitis.

doi:10.1371 journal pmed.100161 1.g006

Passive Smoking

Using random effects analysis, there was a significant associadon

passive smoking and allergic rhinitis (RR=1.10, 95
i.15).

1.12 for full adjustment, RR = 1.15;

PLOS Medicine | www.plosmedicine.org

o CI 1.06—
Similar findings were observed in subgroup analyses by
adjustment for confounding variables (RR = 1.07; 95%
%% CI 1.04-1.27 for incomplete

CI 1.03-

adjustment), quality scores (RR = 1.10; 95% CI 1.04-1.15 for high
quality, RR = 1.10; 95% CT 1.02-1.19 for low quality), and for cross-
sectional studies (RR = 1.09; 95% CI 1.05-1.14); however, there was
no significant association between passve smoking and allergic rhinitis
when restricting the analysis to cohort studies (RR = 1.14; 95% CI
0.96-1.34) ar casecontrol smdies (RR = 1.14; 95% CI 0.46-2.82).
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Study RR 95% Conf. Interval
Ozasa (1995) —a— 0.38 0.19 0.76
Cakir (2010) -0 157 1.16 21
Miyake (2011) - 113 0.86 1.48
Annesi (1997) 00— 1.75 1.15 2.68
Shaheen (1988) (=] 0.91 0,83 1.00
Nagata (2008} (] 076 0.66 0.89
Bandtsen (2008) = | 0.84 0.76 094
Bakke (1990) O 0588 058 0.80
Ng (1994) = 1,18 0.82 1.65
Wautrich (1996) O 062 053 071
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Bugiani (2005) = 076 0.69 0.84
Lund (2008) ] 1.10 0.92 1.30
Sakar (2008) -0 1.30 0.99 1.71
Gamez (2008) = 172 1.48 1.99
Hakanssen (2011) = 079 0.68 0.4z
Pefiaranda (2012) (3 1.40 1.20 1.70
Tanaka (2012) 8 1.01 0.84 1.23
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Figure 7. Study-specific and random effects pooled relative risks of passive smoking and allergic dermatitis.

doi:10.1371 journal.pmed. 100161 1.g007

In subgroup analyses based on age group, a significant
association between passive smoking and allergic rhinitis was
observed in adults only (RR=1.17; 95% CI 1.03-1.32) and in
children and adolescents (RR=1.09; 95% CI 1.04-1.14). For

matermal pregnancy smoking, there was no evidence for a a

significant increase in the risk of allergic rhinitis in the offspring
(RR = 1.07; 95% CI 0.92-1.28).

PLOS Medicine | www.plosmedicine.org

Publication Bias

The fimnel plot of active smoking seems to be slightly skewed to
the left, which indicates a potential lack of studies that favor a
positive association of the disease with smoking (Figure 4).
However, the Egger’s twest of asymmetry yielded a nonsignificant
pvalue of 0.27 and no hypothetical study was suggested as
missing in the trim-and-ill procedure. The funnel plot for passive
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Table 5. Relative risks and 95% confidence intervals of allergic dermatitis by smoking exposure in cross-sectional studies.

Variables of Adjustment,

Source Country Population Active Smokil Passive Smoki Study Size Matching, or Restriction

Edman 1988 [137] Sweden Adults 237 (0.98-5.76) - 425 Not specified

Bakke 1990 [53] Norway Adolescents and adults 1.2 (1.01-124) = 4270 Age, sex, occupational
exposure, residence

Volkmer 1995 [138] Australia Preschool children —_ 0.80 (0.71-0.91) 14,124 Natural gas for cooking,
heating and cooling sources

Austin 1997 [60] UK Children - 0.88 (0.74-1.05) 1,537 Age

Liss 1997 [139] Canada Adults 0.86 (0.61-122) = 1,326 Mot specified

Schafer 1997 [140] Germany Preschool children - - 678 Age

Duhme 1998 [65] Germany schoolchildren 1.32 (107-1632) 0.97 (0.85-1.10) 13,123 Age, sex

Lam 1998 [62] Hong Kong Schoolchildren 1.06 (0.91-1.24) 0.91 (0.80-1.03) 6304 Age, sex, residence, housing

Montefort 1998 [64] Malta Schoolchildren 1.76 (1.47-2.12) = 4184 Age, sex, road, pets, parental
atopy, blankets

Faroogi 1998 [61] UK Children —_ 097 (0.75-1.26)" 1,934 Not specified

Dotterud 1999 [67] Russia Adults 2.42 (124-471) = 3368 Not specified

Dotterud 2001 [76] Russia Schoolchildren — 0.93 (0.78-1.11) 1,684 Age, sex, carpets, dampness,
pets, heating type

Hjern 2001 [73] Sweden Children - 0.88 (0.75-1.03) 4472 Age, sex, siblings, parental
education, residence, single
parent household, country of
birth of parent, location

Lee 2001 [78] Korea Schoolchildren - 1.09 (0.99-1.20) 38,955 Age, sex, region, BMI, carpets,
pets, location

Simpson 2001 [75] UK Adults 0.9 (0.75-1.07) S 5,687 Not specified

Linneberg 2003 [141] Denmark Adolescents and adults  2.35 (1.72-3.19) - 1112 Age, sex, ear piercing

Montnemery 2003 [142] Sweden Adults 1.03 (0.91-124) = 8469 Not specified

Kramer 2004 [84] Germany School beginners — 197 (1.23-3.16) 1,220 Age, sex, atopy, nationality

Demir 2004 [85] Turkey Schoolchildren = 130 (0.46-3.83) 621 Age

Annesi-Maesano 2004 [87]  France Adolescents 1.39 (123-156) 09 (0.9-13) 14578 Age, sex

Miyake 2004 [85] Japan Schoolchildren — 1.04 (0.89-1.22) 5539 Age, sex, grade, older siblings,
maternal age at child birth,
pets, parental allergic
diseases.

Yemaneberhan 2004 [143]  Ethiopia Children and adults 1.70 (0.97-2.97) 213 (1.31-3.46) 12876 Age, sex, socloeconomic
status, residence, kerosene
use

Lee 2004 [83] Hong Kong Schoolchildren - — 4,448 Age, sex, birth weight,
siblings, respiratory tract
Infections, parental atopy,
pets, study period

Heudorf 2005 [144] Germany Children — 234 (1.04-5.28) 287 Age

Miyake 2005 [91] Japan Pregnant women 0.66 (0.43-1.02) 1.08 (0.81-1.44) 1,002 Age, sex, familial atopy, pets,
gestation, parity, family
income, education, mite
antigen level

Montnemery 2005 [145] Sweden Adults 1.35 (1.04-1.75) - 6,109 Not specified

Obihara 2005 [93] South Africa  Children - — 861 Age, sex, matemal atopy,
breast feeding, siblings,
household income, tuberculin
test

Kurosaka 2006 [96] Japan Schoolchildren e 0.99 (0.93-1.05) 35,242 Age

Sakar 2006 [97] Turkey Adults 1.31 (0.97-1.78) = 1336 Not specified

Dotterud 2007 [146] Norway Adults 1.20 (0.89-1.60) — 1,236 Age, sex, atopic dermatitis,
rhinitis and asthma

Horak 2007 [99] Austria Preschool children — 1.06 (0.76-1.48) 1,737 Age, sex, famillal atopy,
education, family size, pets,
breastfeeding, nutrition
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Table 5. Cont

Variables of Adjustment,

Source Country Population Active Smoki Passive Smoki Study Size  Matching, or Restriction

Tanaka 2007 [101] Japan Children — 108 (1.02-1.14) 23,044 Age, sex, location, familial
atopy, siblings, education
level

Zuralmil 2008 [102] Singapore Preschool children —_ 1.02 (0.95-1.08) 4,759 Age, familial atopy, race,

soclosconomic status,
housing type, breastfeeding,
food allergy, respiratory
Infections, dampness

AlSahab 2008 [147] Lebanon Adolescents - 146 (1.11-1.94) 2,893 Age, sex, exercise, traffic,
asthma, rhinitis

Ergin 2008 [148] Turkey Schoolchildren = 130 (0.89-1.91) 1,644 Age

Foliaki 2008 [103] Pacific countries Children — 120 (1.11-1.30) 20876 Age, sex and country

Sudrez-Varela 2008 [149] Spain Schoolchildren —_ 1.03 (0.99-1.06) 59,040 Age, sex, asthma, rhinitis,
siblings, mother's education

Attwa 2009 [150] Egypt Adult men 359 (10-135) - 163 Sex

Meding 2009 [151] Sweden Adults 1.05 (095-1.16) - 13452 Age, sex, history of atopy

Brescianini 2009 [106] Iealy Schoolchildren - 122 (0.77-1.95) 481 Age, sex, family atopy, BMI,
pets, physical activity, diet.
location

Musharrafieh 2009 [107] Lebanon Adolescents - 1.1 (0.9-14) 3115 Age, sex, nationality, regions,
school type, traffic, asthma,
rhinitis

Kabir 2009 [105] Ireland Children - 124 (0.90-1.70) 2,809 Age, sex

Lipinska 2009 [152] Poland Children = 3.40 (1.19-11.86) 283 Not specified

X¥epapadaki 2009 [153]) Greece Preschool children - 098 (0.79-1.22) 2,374 Age, sex

Wang 2010 [110] Canada Schoolchildren i 105 (0.79-1.41) 8,334 Age, sex, BM, location,

birthplace, ethnicity, maternal
education, siblings, pets,
acetaminophen, physical

actvity

Rohrl 2010 [154] Sweden Adolescents - 085 (0.59-1.23) 6,095 Age, sex, flexural eczema and
nickel allergy

Thyssen 2010 [155] Denmark Adults 1.28 (1.10-149) — 340 Age, sex, alcohol
consumption, educational
level

Meding 2010 [156] Sweden Adults 1.15 (1.08-122) — 25428 Age, sex, history of atopy

Yang 2011 [157] UsA Adults 0.88 (0.71-1.10) 121 (0.85-1.74) 2974 Not specified

Wlaski 2011 [111] Macedonia Adolescents - 0.93 (0.80-1.09) 3,026 Age, sex, diet, source of

heating, pets, matemal
education, siblings

Civelek 2011 [158] Turkey Schoolchildren — 135 (1.17-1.56) 6,755 Age
Del-Cas 2011 [159] Argentina Children — 145 (1.02-2.08) 722 Age
Apfelbacher 2011 [160] Germany Children and adolescents — 090 (0.77-1.04) 17,270 Age, sex, socloeconomic

status, migrant status,
siblings, breastfeeding,
mother's alcohol
consumption, pets, infection,
parental atopy.

Park 2011 [161] Korea Adults 1.69 (127-224) - 1,990 Age, sex, BMI, education,
income, alcohol, fish
consumption.

Berglind 2011 [162] Sweden Adults 1.03 (1.01-1.04) e 27,793 Neck and shoulder pain,
depression, well-being, job
strain, low back pain, physical

activity at waork
Breunig 2012 [163] Brazl Male adolescents 1.06 (0.75-1.50) - 2201 Age, sex, white race,
socloeconomic level, triceps
skin fold acne
PLOS Medicine | www.plosmedicine.org 17 March 2014 | Volume 11 | Issue 3 | e1001611
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smoking (Figure 5) and the corresponding results of the Egger’s test

did not show any evidence of publicagon bias (p=10.53

but two
new studies were imputed in the trim-and-fill procedure yielding a

maodified pooled relative risk of 1.10 (95% CI 1.05-1.14).
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Table 5. Cont.
Variables of Adjustment,

Source Country Population Active Smoking  Passive Smoking Study Size Matching, or Restriction

¥i 2012 [164] Korea Children — 130 (1.23-1.38) 6,372 Age, sex, residence, income,
parental education, atopy, IgE
level, rhinitis

Rénmark 2012 [165] Sweden Adults 1.20 (1.16-1.25) — 18,087 Age, sex, family history of
atopy, exposure to gas, dust
or fumes at work

Tanaka 2012 [116] Japan Pregnant women 1.08 (0.85-1.37) 142 (0.99-2.05) 1,743 Age, sex, region of residence;
parental atopy, income,
education

Montefort 2012 [117] Malta Children 1.68 (1.35-2.09) 124 (1.13-1.37) 7,955 Age

Mitchell 2012 [118] Worldwide Children — 111 (1.09-1.14) 573,061 Age, sex, language, reglon,
gross national income

dol:10.1371/joumal pmed. 10016110005

Allergic Dermatitis

We retrieved 33 studies on actve smoking and 58 studies on
passive smoking (Figures 6 and 7; Tables 4 and 5). About one-third
of the studies used ISAAC criteria for case defintion. Nineteen
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Figure 8. Funnel plots of relative risk versus standard error of relative risk: allergic dermatitis, active smoking.

doi:10.1371 fjournal pmed.1 00161 1.g008
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Figure 9. Funnel plot of relative risk versus standard error of relative risk: allergic der itis, passi king

doi:10.1371 fjournal pmed.1001611.g009

studies assessed maternal smoking during pregnancy [44,45,48,
83,93,99,121,127,128,130,133-136,140,1 53,158,160,164].

Active Smoking

Usng random effects analysis, active smoking was significantly
associated with an increased risk of allergic dermatitis overall
(RR=1.21; 95% CI 1.14-1.29) and in both adults RR=1.14;
95% CI 1.07-1.22) and in children and adolescents (RR = 1.36;
95% CI 1.17-1.46)

In sub-group analyses, the association between active smoking
and allergic dermatitis was smilar based on age, adjustment for
confounding, quality scores, and for cohort studies and cross-
sectional stdies, although there was no significant association
between active smoking and allergic dermatitis observed in the
four casecontrol studies (RR =1.47; 95% CI 0.92-2.32).

Passive Smoking

Using random effects analysis, passive smoking was associated
with an increased risk of allergic dermatitis in the general
populatdon (RR=1.07; 95% CI 1.03-1.12).

In sub-group analyses, the association between passive smoking
and allergic dermatitis was significant when restricted to cross-
sectional studies (RR=1.07; 95% CI 1.02-1.12), but not for
cohort (RR=1.09; 95% CI 0.96-1.23) or case-control studies
(RR = 1.10; 95% CI 0.88-1.38). A significant association between

PLOS Medicine | www.plosmedicine.org

passve smoking and allergic dermatits was observed for those
studies with adjustment for confounding variables (RR = 1.08;
95% CI 1.03-1.15) and higher quality scores (RR=1.11; 95%
CI 1.05-1.18), but not those without adjustment (RR = 1.06; 95%
CI 098-1.14) or low quality scores (RR=1.03 95% CI
0.96-1.11).

A significant association was observed in those studies
including adults only (RR=1.26; 95% CI 1.02-1.55) and in
those including children and adolescents only (R = 1.06; 95% CI
1.01-1.11). No significant association was observed between
maternal smoking and allergic dermatts (RR=1.07; 95% CI
0.96-1.19).

Publication Bias

The Egger's test for asymmetry of the funnel plot of active
smoking (Figure 8) yielded a p-value of 0.28 and no study was
added in the orim-and-fill procedure. No asymmetry was detected
for passive smoking (Figure 9) through the Egger’s test (p=1033)
but the trim-and-fill procedure suggested that ten potential studies
were missing. The modified random effects pooled relative risk was
1.04 (95% CI 1.00-1.08).

Food Allergies

We retrieved only one study for active smoking and six studies
for passive smoking, while three studies assessed maternal smoking

March 2014 | Volume 11 | Issue 3 | e1001611
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Study

Metsald (2010)

Kavaliunas (2011)

Zeiger (1995)

Tarig (1998)

Kulig (1998)

Noakes (2007)

Lannerd (2008) (passive smoking)

Lannert (2008) (maternal smoking)

Hjern (2001)

Dubakiene 2008 (active smoking)

OVERALL ALL STUDIES

OVERALL COHORT

OVERALL MATERNAL SMOKING

M 128 072 226

i 161 116 224

RR  95% Conf. Interval

07z 067 0.78
{ 268 063 1389
0g2 D20 370
076 030 1.86

078 0.24 243

0.0

[] 083 g 11
i 058 021 155
116 0as 158
143 1.11 183
1.01 056 1.82
I T t T 1
0.1 1 10 100

Relative Risk

Figure 10. Study-specific and random effects pooled relative risks of passive smoking and food allergies.

doi:10.1371 journalpmed.1001611.9010

during pregnancy (Figure 10; Table 7). All were carried out in

children or infants populations.

Active Smoking

The only available study on active smoking and food allerg

did

not show any significant association (RR =0.58; 95% CI 0.21-1.55).

PLOS Medicine | www.plosmedicine.org

Passive Smoking

Using random cffect analysis, including the six studies
investigating exposure to secondhand smoke, showed that pas
smoking was associated with a nonsignificant increase of the risk of
food aller; % CI 0.85-1.59). When the only cross-
sectional study was excluded and the analysis was based on five
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Figure 11. Funnel plot of relative risk versus standard error of relative risk: food allergy, passive smoking.

doi:10.1371 fjournalprmed.1 00161 1.g011

cohort studies, passive smoking was sgnificantly associated with an
increased risk of food allergy (RR=143; 95% CI 1.12-1.83)
(Table 8). As with allergic rhinitis and allergic dermatits, we could
not detect any association with maternal smoking during
pregnancy with food allergies (RR = 1.01; 95% CI 0.56-1.82)
(Table 8).

Publication Bias

The funnel plot (Figure 11), although not a valuable way to
assess publication bias in this case due to the small sample size, did
not provide evidence of asymmetry (p=0.09).

Meta-regression

The meta-regression with the pooled log relagve rik as a
dependent variable and the populaton vanable as a moderator,
miroduced in the model as a dichotomous vamable (adulis/
pediatric population), yielded the following results for the children
and adolescents when compared to the aduls: allergic rhinids and
active smoking: RR = 1.55, 95% CI 1.50-1.84; allergic rhinitis and
passive smoking: RR = 0.93, 95% CI 0.81-1.06; allergic dermatids
and acdve smoking: RR = 1.18, 95% CI 1.01-1.39; and allergic
dermaritis and passive smoking: RR =0.83, 95% CI 0.65-1.06.
These results suggest thar the associations berween allergic rhinids
and allergic dermarids with active smoking are significantly greater
among children and adolescents than among adults. Although

PLOS Medicine | www.plosmedicine.org

2

these meta-regression RRs were not statistcally significant at a
95% level for passive smoking, in Tables 3 and 6 we present the
results of children and adolescent populations as a subgroup both
for active and passive smoking.

Sub-group Analyses in Children and Adolescents

We calculated the random effects pooled relative risks for
children cohort studies, then for children cohort studies and case-
control studies combined. For cohort studies, passive smoking was
not significantly associated with allergic rhinitis (RR = 1.14; 95% CI
0.96-1.34, nine studies), or allergic dermatts (RR = 1.09; 95% CI
096-1.23, 14 studies), but was significantly associated with an
increased risk of food allergy (RR =1.43; 95% CI 1.11-0.83, five
stuchies). For cohort and casecontrol studies combined, passive
smoking was significantly associated with an increased risk for
allergic rhinitis: RR = 1.17 (95% CI 1.00-1.38, ten studies), butnot
for allergic dermatitis: RR = 1.07 (95% CI 0.96-1.19, 18 studies).

Sensitivity Analysis

To further evaluate the possibility that the results obtamed for
children/adolescents were due to publicadon bias, we assumed
that crosssectional studies are the kind of studies thar are most
probably rejected by journals in case of null resuls and
recalculared our pooled estimates under the following exoreme
assumptions: (1) published cross-sectional studies are only half of
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the studies of smoking and allergic rhinitis ever conducted among
children, (2) all unpublished studies found an RR of 1, (3) the
unpublished studies found the same prevalence of allergic diseases
as the average of the published studies. Under these extreme
assumptions, the random effects pooled estimates for active
smoking still show a significant increase in riske: RR=1.16 (95%
CI 1.08-1.25) for allergic rhinitis and RR = 1.13 (95% CI 1.05-
1.21) for allergic dermatitis.

Discussion

The results of our systematic review and meta-analysis suggest
that active and passive smoking are associated with a modest
increase in risk for some allergic diseases. In the overall population,
active smoking was associated with a modest inarease in the risk for
allergic dermatitis but not allergic rhinitis, while passive smoking
was associated with modest increases in the risks for both allergic
dermatitis and allergic rhinitis. Among children and adolescents, we
observed significant associations between both active and passive
smoking and allergic rhinitis and allergic dermatitis, and passive
smoking was associated with an increased risk for food allergy

In children and adolescents, while the observed increase in risk
for allergic diseases associated with smoking was small, the findings

PLOS Medicine | www.plosmedicine.org

Table 6. Pooled relative risks and 95% confidence intervals of allergic dermatitis and smoking.
RR (95% CI) Fixed RR (95% Cl) Random

Study Type Number of Studies  Effects Effects RI* (95% <I) Q test (p-Value)
Active smoking

All studies 33 1.05 (1.04-1.08) 121 (114129 0.96 (0.91-1.00) 0.00001
Cohort studies 7 123 (1.10-1.38) 123 (1.09-138 0.10 (0.00-1.00) 0.3003
Case-control studies 4 130 (1.03-1.64) 147 (092-233) 0.73 (0.27-1.00) 0.0160
Cross-sectional studies 7 1,05 (1.04-1.06) 121 (1.13-130) 0.97 (0.92-1.00) 0.00001
Cohort+case-control studies 6 124 (1.13-1.38) 127 (1.04-156 067 (0.11-1.00) 00412
Full adjustment 17 105 (1.04-1.06) 121 (1.12-131) 098 (0.93-1.00) 0.00001
Incomplete adjustment 16 121 (1.14-1.29) 125 (1.09-1.45) 0.77 (0.56-0.98) 0.00001
Adults only 23 1.04 (1.03-1.05) 1.14 (1.07-123) 0.96 (0.89-1.00) 0.00001
Children/adolescents only 7 136 (1.27-1.46) 136 (1.17-1.46) 0.76 (0.44-1.00) 0.0008
Quality score =3 17 118 (1.13-1.23) 122 (1.11-134 0.78 (0.55-1.00) 0.00001
Quality score <3 16 1.04 (1.03-1.05) 122 (111-134 098 (0.94-1.00) 0.00001
Passive Smoking

All studies 58 1.04 (1.03-1.06) 107 (1.03-1.123) 0.84 (0.71-0.98) 0.00001
Cohort studies 14 0.92 (0.90-0.95) 1.09 (0.96-1.23) 0.89 (0.72-1.00) 0.00001
Case-control studies 5 111 (0.94-1.31) 1.10 (0.88-1.38 0.34 (0.00-1.00) 02411
Cross-sectional studies 39 1.08 (1.06-1.09) 1.07 (1.02-1.12) 081 (0.63-0.99) 0.00001
Cohort+case-control studies 19 093 (0.90-0.95) 1.09 (0.98-1.21) 0.86 (0.66-1.00) 0.00001
Full adjustment 32 1.08 (1.07-1.10) 1.08 (1.03-1.13) 0.81 (0.60-1.00) 0.00001
Incomplete adjustment 26 0.96 (0.94-0.98) 1.06 (098-1.14 0.84 (0.65-1.00) 0.00001
Adults only 4 124 (1.03-1.50) 126 (1.02-155) 0.17 (0.00-1.00) 031
Children/adolescents only 53 1.04 (1.03-1.05) 106 (1.01-1.11) 085 (0.72-0.98) 0.00001
Children ISAAC method n 107 (1.06-1.09) 1.09 (1.04-1.14 0.73 (0.41-1.00) 0.00001
Children non-SAAC method 29 099 (0.97-1.01) 1.05 (0.97-1.15) 0.89 (0.77-1.00) 0.00001
Maternal pregnancy smoking 19 099 (0.95-1.03) 107 (0.96-1.19) 0.80 (0.62-0.98) 0.00001
Quality score =3 28 1.04 (1.02-1.05) 111 (1.05-1.18 0.88 (0.74-1.00) 0.00001
Quality score <3 30 1,06 (1.03-1.09) 103 (0.96-1.11) 080 (0.63-0.98) 0.00001
*Proportion of total varance due to between-study varance.
doi:10.1371/joumal pmed.1001611.1006

are important given that to the prevalence of active and passive
smoking in this population can be high. Worldwide, 14% of
adolescents aged 13 to 15 are active smokers with some countries
reaching a prevalence of 40%, and nearly 25% of the children who
smoke have smoked their first cigarette before the age of 10 years
[210]. Furthermore, in the US, more than one-third of children
live with at least one adult smoker [211]. In other parts of the
world, passive exposure to tobacco among children is even higher
as nearly half of children were exposed to tobacco smoke at home
[212]. On the basis of the figures above, in countries with high
smoking prevalence we estimate that 14% of allergic rhinits and
13% of allergic dermatitis are attributable to active smoking [213].
Eliminating active smoking in children and adolescents would then
prevent one in every seven cases of allergic rhinitis and one in
every eight cases of allergic dermatitis.

That age is an important effect modifier for the relation between
tobacco exposure and risk of allergic diseases i biologically
plausible. The US Swurgeon General has suggested that the
immaturity of the respiratory, nervous, and immune systems in
children may make them vulnerable tw health effects of smoking
[214]. Furthermore, unlike adults, children have limited options
for avoiding exposure to secondhand smoke and are unable to
reduce the quantity of products inhaled [214].
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Smoking and Allergic Diseases

Table 8. Pooled relative risks and 95% confidence intervals of food allergies and smoking.

Passive Smoking

Passive Smoking

Pooled Results All Studies Cohort Studies Maternal Pregnancy Smoking
n studies ] 5 3

RR (95% Cl), fixed effects 1.08 (0.93-1.24) 1.43 (1.12-183) 073 (067-0.80)

RR (95% €I}, random effects 1.16 (0.85-1.59) 1.43 (1.11-183) 1.01 (056-1.82)

Ri* (95% CI) 0.68 (0.13-1.00) 0.01 (0.00-1.00) 056 (0.84-1.00)

Q Test (p-value) 0.0386 04026 0.0440

*Proportion of total variance due to between-study variance.
doi:10.1371/joumal. pmed.1001611.1008

Our finding that matermal exposure is not associated with the
risk of allergic diseases in the offspring confirms the results from a
previous meta-analysis that focused on the risk of allergic
sensitization measured through skin prick positivity or IgE
concentrations [30]. It is possible that the lack of observed
association is due to the existence of bias given that parents of
children at high risk of allergy may selectively avoid smoking
during pregnancy.

The findings from our meta-analysis are subject to several
limitations. The majority of studies were cross-sectional, a design
that does not allow for causal inference and can overcstimate
relative risks given its reliance on prevalence ratios. When
restricted o cohort studies our analyses showed that many of
the results were no longer significant, especially for the subgroup
analysis in children and adolescents. There is then some evidence
that the findings may be impacted by study design.
ni oaﬁﬂrﬂl: 5 ‘

Residual confounding (confounding 1

effects estimates. The random effects model gives increased
weights to the effect of small studies, which may introduce bias
in the estimation. It is worth noting that for some of the analyses,
the fixed effects and random effects estimates differ substantally;
this may be due to differences in case or exposure definition and in
adjustment for potential confounders. AU: ok to delete =it appears
that you have said this in the previous sentence.

Our subgroup analyses found stronger evidence for associations
between smoking and allergic diseases in children and adolescents
than adults. Furthermore, our metaregression suggested that the
association between active smoking and allergic disorders & larger
in children and adolescents than in adults, which advocates for a
transient effect through life. This finding is in accordance with the
“atopic march” concept that suggests that the sequence of

sensitization that starts in chidhood may show a tendency to
spontaneous remission later in lfe [217]. It is then plausible that
B

may explain some of our findings. For some of our analyses, we
were unahle to detect meaningful differences in the results between
studies that had incomplete adjustment for confounders and those
with more complete adjustment for confounders and our findings
were broadly similar when restricting the analyses to studies with
higher quality scores. However, there are likely to be other factors,
such as genetic factors that were not controlled for and may play a
role in the relationship between smoking and allergic diseases.
Although publication bias cannot be ruled out, its magnitude is
likely to be low as shown by the robustness of our sensitivity
analysis.

Several studics assessed allergic diseases through selfreport
only, which can lead to misclassificaion of allergic and non-
allergic conditions. Similarly, the findings are limited by measure-
ment error in the smoking exposure given that a majority of
studies assessed exposure to smoking in a qualitative fashion and
often on a yes/no basis instead of using a quantitative assessment.
Misclassification and measurement error in SHS assessment may
result from a respondent’s lack of knowledge about current or past
exposure, biased recall, whether intentional or unintentional, and
the difficulty in characterizing an exposure in complex indoor
environments [213]. A standard set of items to identify passive
smoking in distinct settings i needed [216]. IF misclassification
exists, it is probable that the outcome misclassification is not
differential in regard to smoking and, similarly, measurement error
in smoking assessment is not differential in regard to diagnosis. In
this case, the results would be biased towards the null value, which
means that the association with smoking observed in our meta-
analysis is underestimated.

In our subgroup analyses, we were unable to identify any factors
that accounted for study heterogencity. Given the high heteroge-
neity estimates, we focused our interpretation on the random

PLOS Medicine | www.plosmedicine.org

ion to tobacco is mitigated by increasing age. Further
rescarch & needed to verify whether the association between
smoking and risk of allergy in adults is similar for those who started
smoking as an adult and those who started smoking during
childhood or adolescents.

Future studies should minimize measurement error in the
exposure and misclassification bias in the outcome. These studies
should avoid cross-sectional designs, use extensive validated
questionnaires in order to assess smoking in a quantitative
fashion, and should be based on an optimal diagnosis of allergic
discases.
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Table S2 Pooled relative risks and 93% confidence
intervals of criterion 1 of the quality scale, region of the
world, and allergic rhinitis and dermatitis.

(DOC)

Table S3 Results of heterogeneity statistics Ri and 12
for subgroups of active and passive smoking.
(DOC)

Acknowledgments

We would like to thank Kotaro Ozasa for providing data of his study.

Author Contributions

Conceived and designed the experiments: JS CR AMM BT PK. Performed
the experiments: J8 CR AMM BT PK. Analyzed the data: JS BT.

24 March 2014 | Volume 11 | lssue 3 | e1001611

184

Epidemiologic studies of the risk factors of allergic rhinitis
Part I



Jurgita Saulyte

Annexes

Annex II. Cont.

Contributed reagents/materials/analysis tools: JS BT PK. Wrote the first
draft of the manuscript: J§ BT. Contributed to the writing of the
manuscript: J5 CR AMM BT. ICMJE criteria for authorship read and

References

2

ol

-

e

21.

22,

23.

)

24,

25.

27.

28.

. Ghouri N, Hippisley-Cox J, Newton J,

Ozdoganoglu T, Songu M (2012) The burden of allergic rhinits and asthma,
Ther Adv Respir Dis 6; 11-23,

Bauchau V, Durham SR (2004) Prevalence and rate of diagnoss of allergic
rhinitis in Europe. Eur Respir J 24: 758-764.

Smoking and Allergic Diseases

met: J§ CR AMM PK BT. Agree with manuscript results and conclusions:
J5 CR AMM PK BT.

Pattenden 5, Antova T, Neuberger M, Nikiforov B, De Sario M, et al. {2006)
Parental smoking and children’s respiratory health: independent effects of
prenatal and posmatal exposure. Tob Control 15: 294-301,

Strachan DP, Cook DG (1998 Health cffects of passive smoking, 5. Parcntal

Berger WE (2004) Allergic rhinits in children: diagnosis and .
strategies. Paediatr Drugs 6: 233 250,

Rona RJ, Keil T, Summers C, Gislason D, Zuidmeer L, et al. (2007) The
prevaknee of food allergy: a meta-analysis. J Allergy Clin Immunol 120: 638
646,

DaVeiga SP (2012) Epidemiology of atopic dermatitis: a review. Allergy
Asthma Proc 33: 227-234

Meltzer EQ, Blaiss MS, Derchery MJ, Mahr TA, Gordon BR, et al (2009)
Burden of allergic rhinitis: results from the Pediatric Allergies in America
survey. J Allergy Clin Immunal 124: 545-570

Nathan RA (2007) The burden of allergic rhinitis. Allergy Asthma Proc 28: 3-9.
Alanne S, Maskuniy A, Nermes M, Laitinen K, Pekurinen M (2012). Costs of
allergic diseases from birth to two years in Finland. Public Health 126: 866 872
Spergel JM (2010} From atopic dermatitis to asthma: the atopic march, Ann
Allergy Asthma Immumal 105: %9106

Tan RA, Corren J (201 1) The relationship of rhinitis and asthma, sinusitis, food
allergy, and eczema. Immunal Allergy Clin North Am 31: 481-491.

. Asher MI, Montefort S, Bjprkstén B, Lai CK, Strachan DP, et al. (2006)

Worldwide time trends in the prevalence of symptoms of asthma, alergic
rhinoconjunctivitis, and eczema in childhood: ISAAC Phases One and Three
repeat multicountry crosssectional surveys. Lancet 368: 733-743.

Sheikh A {2008) Trends in the
epidemiology and prescribing of medication for allergic rhinitis in England,
J R Soc Med 101: 466-72.

Mosges R, Klimek L (2007) Today's allergic rhinitis patients are different: new
factors that may play a role, Allergy 62: 969 975

Lannerd E, Wickman M, van Hage M, Bergstrom A, Pershagen G, et al. (2008)
Exposure to environmental tobacco smoke and sensitimtion in children.
Thorax 63: 172-176.

. Diaz-Sanchez D, Rumald R, Gong H Jr (2006} Challenge with environmental

tobacco smoke exacerbates allergic airway discase in human beings. J Allergy
Clin Immunol 118: 441-446.

Peden D, Reed CE 2010) J and occuy
Clin Tmmumnol 125(2 Suppl 2): S150-5 160,

l allergies. ] Allergy

. Warren CW, Jones NR, Peruga A, Chawvin J, Baptiste JP, ct al. (2008} Global

youth tobacco surveillance, 2000-2007. MMWR. Surveill Summ 57: 1-28.
Murin S, Rafi R, Bilello K (2011) Smoking and smoking cessation in
pregnancy. Clin Chest Med 32; 7591

Caldr E, Ersu R, Uyan Z5, Olm:m §, Varol N, et al. {2010} The prevalence and
risk factors of ashma and diseases among working adolescents. Asian
Pac J Allergy Immunol 28: 122-129,

Lee CH, Chuang HY , Hong CH, Huang SK, Chang YC, et al. (201 1} Lifetime
exposure to cigarette smoking and the development of adult-onset atopic
dermatitis. Br ] Dermatol 164: 483489,

Bendisen P, Gronback M, Kjaer SK, Munk C, Linneberg A, et al, (2008)
Alcohol consumption and the risk of selfreported perennial and seasonal
allergic rhinitis in young adult women in a population-based cobort study, Clin
Exp Allergy 38: 11791185,

Ludvigsson JF, Mostrom M, Ludvigsson J, Duchen K (2005) Fxclusive
breastfeeding and risk of atopic dermatitisin some 8300 infants. Pediatr Allergy
Immunol 16: 201-208.

Metsila J, Lundqvist A, Kaila M, Gissler M, Klaukka T, et al, {2010) Maternal
and perinatal characteristics and the risk of cow’s milk allergy in infants up to 2
years of age: a casecontrol study nested in the Finnish population.
Am ] Epidemiol 171: 1310-1316.

McKeever TM, Lewis SA, Smith C, Collins ], Heatlie H, et al. (2001}, Siblings,
muliple births, and the incidence of allergic disease: a birth cohort study usng
the West Midlands general practice rescarch database. Thorax 56: 758-762.
Wang I, Guo YL, Lin TJ, Chen PC, Wu YN (2010) GSTMI, GSTPI,
prenatal smoke exposure, and atopic dermatitis, Ann Allergy Asthma Tmmunol
105: 124-129.

Tariq SM, Matthews SM, Hakim EA, Stevens M, Arshad SH, et al. (1998) The
prevaknee of and risk factors for atopy in early childhood: a whole population
birth cohort study. ] Allergy Clin Immunol 101; 587-593,

Burke H, Leonardi-Bee J, Hashim A, Pine-Abata H, Chen Y, et al. (2012)
Prenatal and passive smoke exposure and incidence of asthma and wheeze:
systernatic review and meta-analysis. Pediatrics 129: 735-744.
Bacna-Cagnani CE, Gémez RM, Bacna-Cagnani R, Canonica GW (2009)
Impact of environmental tobacco smoke and active obacco snoking on the
development and outcomes of asthma and rhinitis, Curr Opin Allergy Clin
Immuncl 9: 136-140.

PLOS Medicine | www.plosmedicine.org

31.

k)

33.

35.

3

39,

41

43,

43,

45.

47.

49,

a1,

52,

53.

el

g and allergic sensitisation in chidren, Thorax 53; 117-123,

Freiman A, Bird G, Metelitsa Al Barankin B, Lauzon GJ {2M) Cutancous
effects of smoking. J Cutan Med Surg 8: 415-423.

Just-Sarobé M {2008) Smoking and the skin, Actas Dermosifiliogr 99: 173-184,
National Institute for Public Health and the Environment (2010) Risk factors
for food allergy. Bilthoven (The Netherlandsj: RIVM Report 340007001,
Wells G, Shea B, O'Connell D, Peterson ], Wekh V, et al (2012) The
Newcastle-Ottawa scale (NOS) for assessing the quality of nonrandemised
studies in meta-analyses. Ottawa Health Research Institute website., Available:
hitp:/ /www.ohrica/p /clinical_cpidemiology/ axford.asp, Accesed 16
August 2012,

Rothman KJ, Greenland 8, Lash TL (2008) Measure of effect and measures of
asociation. Modern epidemiology. 3rd edition. Philadelphia: Lippincott,
Williams and Wilkins, P61,

Takkouche B, Cad: St C, Spiegel
new tests of geneity in epidemidogic met.
206-215.

Egger M, Davey Smith G, Schneider M, Minder C {1997) Bias in meta-analysis
detected by a simple, graphical test. Br Med J 315: 629-634.

Costa-Bouzas J, Takkouche B Cadarn"iunez C, S}:m:gd.man D {QCIJI)
HEpIMA: software for the i
Camput Methods Programs Biomed 64: IOI 107,

Ozasa K, Takenaka H, Takagi N, Aoike A, Kawai K (1995) A case<antrol
study of risk factors for Japanese cedar pollinosis. Jpn J Hyg 50: 622-630.
Lin 5Y, Reh DD, Clipp S, Irani L, Navas-Acien A {2011} Allergic rhinitis and
secondhand tobacco smoke: a population-based study. Am ] Rhinol Allergy 25:
ebbe7l,

Miyake Y, Tanaka K, Arakawa M (2011) Case-control study of ILI3
polymorphisms, smoking, and rhinoconjunctivitis in Japanese women: the
Kyushu Okinawa Matemal and Child Health Smdy. BMC Med Genet 12;
143,

Wright AL, Holberg CJ, Halonen M, Martinez FD, Morgan W, et al. {1994}
Epidemiology of physician-diagnoesed allergic rhinitis in childhood. Pediatrics
94; 295 901.

Annesi-Maesano I, Oryszczyn M-P, Neukirch F, Kanffmann F (1997)
Relationship of upper arway discase to tobacco smoking and allergic markers:
a cobort study of men folowed up for 5 years, Int Arch Allergy Immunol 114:
193201

Lewis SA, Britton JR {1998 Consistent effects of high ic status and
low birth order, and the modifying effect of maternal smoking on the risk of
alergic discasce during childhood, Respir Med 92; 1237-1244.

Shaheen S0, Sterne JAC, Montgamery SM, Azima H (1999) Birth weight,
body mass index and asthma in young adults. Thorax 54: 396402
Bergmann RL, Edenharter G, Bergmann KE, Lan 5, Wahn U (2000)
Socioeconomic status is a rek factor for allergy in parents but not in their
children, Clin Exp Allergy 30: 1740-1745,

Tariq SM, Hakim EA, Matthews SM, Arshad SH {2000} Influence of smoking
on asthmatic and allergen itisation i early childhood. Postgrad
Med J 76: 694-699.

Magnusson LL, Olesen AB, chnhmg H, Okm_] (2005) Wheezing, aghma,
hayfever, and atopic cczema in childhood following exposure to tobacco smoke
in fetal life. Clin Exp Allergy 35: 15501556,

Johansson A, Ludvigsson J, Hermanson G (2008) Adverse health effects
related to tobacco smoke exposure in a cohort of three-year olds. Acta Pediatr
97: 34-357.

Nagata C, Nakamura K, Fujii K, Kawachi T, Takatsuka N, et al. {2008)
Smoking and risk of cedar pollincsis in Japanese men and women. Int Arch
Allergy Immunol 147; 117-12¢,

Keil T, Lau 5, Roll 5, Gruber C, Nickel R, et al. 2009) Maternal smoking
increases risk of a]lcrg'u: sensitization and wheezing only in children with
alergic predisposition: langitudinal analysis from birth to 10 years, Allergy 64:
445 :L';I

Codipoti CD, Levin T, Ld\dasmrs GE, Ryan P ann:n T, et al. {2010)
Breast-feeding, il ion, and l exposures during
infancy are determinants of childhood allergic rinitis, J Allergy Clin Immunol
125: 10541060,

Bakke P, Gukvik A, Eide GE {1990) Hay fever, eczema and urticaria in
southwest Norway. Lifetime prevalences and association with sex, age, smoking
habits, occupational airhorne exposures and respiratory symptams. Allergy 45:
515-522.

Leucnberger P, Schwartz J, Ackermann-Lichrich U, Blasr K, Bolognini G,
et al. (1994) Passive smoking exposure in adults and chronic respiratary

of old and
iol 150:

D (1999) Eval
lysis. Am ] Epich

March 2014 | Volume 11 | Issue 3 | €1001611

Epidemiologic studies of the risk factors of allergic rhinitis

Part 1

185



Annexes

Jurgita Saulyte

Annex II. Cont.

55.

37.

59,

6L

62,

63.

65,

67.

69,

70.

7L

72

73.

74.

75.

76.

7.

78.

79.

symptoms (SAPALDIA Study) Swiss Study on Air Pallution and Lung Discases
in Adults, SAPALDIA Team, Am ] Respir Crit Care Med 150: 1222-1228
Ng TP, Tan WC (1994) Epidemiology of allergic thinitis and its associated risk
factors in Singapore. Int J Epidemiol 23: 553558

Moyes CD, Waldon J, Ramadas D, Crane J, Pearce N {1995 Respiratory
symptoms and environmental factors in schoolchiddren in the Bay of Plenty.
N Z Med J 108: 358-361.

‘Wiuthrich B, Schindler C, Medici TC, Zellweger JP, Leuenberger P (1996) IgE
levek, atopy markers and hay fever in relation to age, sex and smoking status in
anormal adult Swiss population. SAPALDIA (Swiss Study on Air Pollution and
Lung Discases in Adulis) Team. Int Arch Allergy Imonumdl 111: 396402,
Min Y-G, Jung H-W, Kim HS, Park SK, Yoo KY (1997) Prevalence and risk
factors for perennial allergic rhinits in Korea: results of a nationwide survey.
Clin Otalaryngol 22: 139-144.

Siracusa A, Marabini A, Scnsi L, Bacoccdi R, Ripandclli A, ct al (1997)
Prevalence of asthma and rhinitis in Perugia, Italy. Monaldi Arch Chest Dis 52:
434430,

Austin JB, Russell G {1997} Wheeze, cough, atopy, and indoor environment in
the Scottish Highlands. Arch Dis Child 76: 22-26.

Farooqi IS, Hopkin JM (1998} Early childhood infection and atopic dEarder.
Tharax 53: 927-32.

Lam TH, Chung SF, Betson CL, “ocng CM, Hedle} A_[ (1998) Rﬂpu:tcr)
symptoms due to active and passive smoking in junior school
students in Hong Kong, Int ] Epidemiol 27: 41-48

Ponsonby AL, Couper I, Dwyer T, Carmichael A (1998) Cross sectional study
of the relation between sibling number and ashma, hay fever, and eczema.
Arch Dis Child 7%: 328-333.

Montefort S, Lenicker HM, Caruna S, Agius Muscat H (1998) Asthma, rhinitis
and eczema in Maltese 13-15 year-old schoolchildren — prevalence, severity
and associated factors [ISAAC]. International Swdy of Ashma and Allergies in
Childhood. Clin Exp Allergy 28 1089-1099.

Duhme H, Weiland SK, Rudolph P, Wicnke A, Kramer A, ct al. (1998)
Asthma and allergics among children in West and East Germany: a
comparison between Miinster and Greifswald using the ISAAC phase 1
protocol. International Study of Asthma and Allergics in Childhood. Eur
Respir J 11: 840-847.

Burr ML, Anderson HR, Austin JB, Harkins LS, Kaur B, et al (1999)
Respiratory symptoms and home environment in children: a national survey.
Tharax 54: 27-32.

Dotierud LK, Fal ES (1999) Atopic discase among adults in northern Russia,
an area with heavy air pollution. Acta Derm Veneredl 79: 448-450.

Keleg N, Tlicali C, Deger K {1999 The effects of different levels of air pollution
on atopy and symptoms of allergic rhinitis. Am ] Rhinol 13: 185-190
Plaschke PP, Janson C, Norrman E, Bjérmsson E, Ellbjar S, et al_ (2000} Onset
and remission of allergic rhinitis and asthma and the relationship with atopic
sensitization and smoking. Am J Respir Crit Care Med 162: 920-924,
Zacharasewica A, Zidek T, Haidinger G, Waldhor T, Vumc C (2000}
Symptoms suggestive of atopic rhinitis in children aged 6-9 years and the
indoor environment. Allergy 35: 945-950.

Upton MN, McConnachie A, McSharry C, Hart CL, Smith GD, et al (2000)
Intergenerational 20 year trends in the prevalence of asthma and hay fever in
adulis: the Midspan family study surveys of parents and offspring. BMJ 321:
88-92.

Ozdemir N, Uggun I, Metintas 5, Kdsuz M, Metintas M (2000) The
provakence of asthma and allergy among university freshmen in Eskischir,
Turkey. Respir Med 94: 536-541.

HJ:-mA Hedberg A, Haglund B, Rosén M {2001) Docs tobacco smoke prevent
atopic disorders? A study of two generations of Swedish residents. Clin Exp

Allergy 31: 908 914,
Janson C, Chinn S, Jarvis D, Zock JP, Torén K, ct al. (001} Effect of passive
smoking on respiratory sym bronchial resy lung and
total serum IgE in the European C ity Respiratory Health Survey: a

cross-sectional sudy, Lancet 358: 2103-2109

Simpson BM, Custovic A, Simpson A, Hallam CL, Wakh D), et al. {2001) NAC
Manchester asthma and allergy stucy (NACMAAS): risk Factors for asthma and
allergic disorders in adults. Clin Exp Allergy 31: 391-399.

Dotterud LK, Odland JO, Falk ES (2001) Atopic diseases among schoolchil
dren in Nikel, Russia, an Arctic area with heavy air polution. Acta Derm
Venered 81: 198-201.

Kalyoncu AF, Demir AU, Ozcakar B, Bozkurt B, Arvinki M (2001) Asthma
and allergy in Turkih university smdents: Two cross-sectional surveys 5 years
apart. Allergol Immunopathol (Madr) 29: 264-271.

Lec SI, Shin MH, Lee HB, Lec S, Son BK, ct al. (2001} Prevalences of
sympioms of asthma and other allergic discases in Korcan children: a
nationwide questionnaire survey. ] Korean Med Sci 16: 155-164.

Stazi MA, Sampogna F, M, G, Grandolfo ME, Couiliot MF, ct al.

{2002) Early fc factors rclated to clinical manifestations of atopic discasc but
not to skin-prick test positivity in young children. Pediatr Allergy Immunol 13:
105-112.

Peroni DG, Placentini GL, Affonsi L, Zerman L, Di Blasiw P, et al. (2003)
Rhinitis in pre-school children: prevalence, association with allergic diseases
and risk factors. Clin Exp Allergy 33: 1349-1354.

PLOS Medicine | www.plosmedicine.org

26

a

82.

=l

a3.

a5

a7,

a9,

9l.

92.

93.

95.

97.

101,

102,

103,

104,

105.

Smoking and Allergic Diseases

Barraza Vilarreal A, Sanin Aguirre LH, Téllez Rojo MM, Lacasifia Navarro
M, Romieu I (2003} Risk factors for asthma in school children from Ciudad
Juirez, Chihuahua. ] Asthma 40: 413423,

Monteil MA, Joseph G, Chang Kit C, Wheeler G, Antoine RM (2004)
Smoking at home is strongly associated with symptoms of asthma and rhinitis in
children of primary school age in Trinidad and Tobago. Rev Panam Salud
Publica 16: 193-198.

Lee SL, Wong W, Lau YL 2004} Increasing prevalence of allergic rhinitis but
not asthma among children in Hong Kong from 1995 to 2001 (Phasc 3
Intcmational Study of Asttma and Allergics in Childhood). Pediatr Allergy
Immunol 15: 72-78.

Kramer U, Lemmen CH, Behrendt H, Link E, Schifer T, et al. {2004) The
effect of environmental tobacco smoke on eczema and allergic sensitization in
children. Br ] Dermatol 150: 111-118.

Demir AU, Karakaya G, Bozkurt B, Sekerel BE, Kalyoncu AT (2004) Ashma
and allergic diseases in schook hildren: third cross-sectional survey in the same
primary school in Ankara, Turkey. Pediatr Allergy Immund 15: 531-538.
Miyake Y, Yura A, Tki M (2004) Cros-sectional study of allergic disorders in
relation 1o familial factors i Japanese adolescents. Acta Paediawr 93: 380-385.
AnnesiMaesano I, Oryszczyn MP, Raherison C, Kopferschmitt C, Pauli G,
ct al. {2004} Increased prevalence of asthma and allied discases among active
adokexcent tobacco smokers after controlling for passive smoking cxposure. A
causc for concern? Clin Exp Allergy 34: 1017-1023.

De 5, Fenton JE, Jones AS, Clarke RW {2005) Pasive smoking, alergic rhinitis
and nasal ohstruction in children. J Laryngol Otol 119: 955957

Topp R, Thefeld W, Wichmann HE, Heinrich J 2005) The effect of
environmental tobacco smoke exposure on allergic sensitization and alergic
rhinitis in adulis. Indoor Air 15: 222-227.

Maziak W, Kenneth D, Ward KD, Rastam S, Mzayek F, et al. {2005) Extent of
exposure o environmental tobacco smoke (ETS) and its dose-response relation
to respiratory health among adults. Respir Res 6: 13

Miyake Y, Miyamoto 5, Ohya Y, Sasaki 5, Matsunaga I, et al (2005)
Association of active and passive smoking with allergic disorders in pregnant
Japanese women: baseline data from the Osaka Maternal and Child Health
Study. Ann Allergy Asthma Immunol 94: 644-651.

Bugiani M, Carasso A, Migliore E, Ficcioni P, Corsico A, ct al. (20053) ISAYA
(ECRHS ltaly) Study Group. Allergic rhinitis and asthma comorbidity in a
survey of young adults in Italy. Allergy 60: 165-70.

Obihara CC, Marais B], Gic RP, Potter P, Bateman ED, et al. (2005) The
association of breastfeeding and allergic diease i poor urban
children. Eur Respir J 25: 970-977.

Stumylaite L, Kregzdyte R, Vaitkaitiene E (2005) Pasyvus rukymas ir vaiku
kvepavimo sutrikimai [Passive smoking and respiratory health of children]
Medicina (Kaumnas) 41: 348-354.

Lund V], Preziosi P, Hercberg 5, Hamoir M, Dubreuil C, et al. (2006) Yearly
incidence of rhinitis, nasal bleeding, and other nasml symptoms in mature
women. Rhindogy 44: 26-31.

Kurosmka F, Nakatani Y, Terada T, Tanaka A, Tkeuchi H, et al. (2006) Current
cat owncrship may be associated with the lower prevalenee of atopic dermatitis,
allergic thinitis, and Japancse cedar pollinosis in schoolchildren in Himcji,
Japan. Pediatr Allergy Immunol 17: 22-28.

Sakar A, Yorgancioglu A, Dinc G, Yuksl H, Celik P, ct al. (2006) The
prevalence of asthma and allergic symptoms in Manisa, Turkey (A western city
from a country bridging Asia and Europe). Asian Pac ] Allergy Immunal 24:
17-25.

Ho SY, Lam TH, Chung SF, Lam TP (2007) Cross=sectional and prospective
asociations between passive smoking and respiratory symptoms at the
workplace. Ann Epidemiol 17: 126-131.

Horak E, Morassa B, Ulmerh H (2007) Association between environmental
tobacco smoke exposure and wheezing disorders in Austrian  preschool
children. Swiss Med Wiy 137: 608-613.

Ebbert JO, Croghan IT, Schrocder DR, Murawski J, Hurt RD (2007}
Association between respiratory tract discases and scondhand smoke exposure
among never smoking flight attendants: a crosssectional survey. Environ
Hecalth & 28.

Tanaka K, Miyake ¥, Arakawa M, Sasaki S, Ohya Y (2007) Prevakence of
asthma and wheeze in rd.nwmtopasmc mn]nngm_]:pmm children. Ann
Epidemiol 17: 1004-1010.

Zuraimi MS, Tham KW, Chew FT, Oai PL, David K (2008) Home exposures
to emvironmental tobacco smoke and allergic symptoms among young children
in Singapore. Int Arch Allergy Tmmunol 146: 57-65

Foliaki 8, Annesi-Macsano I, Tuuau-Potoi N, Wagatakirewa L, Cheng S, et al
(2008) Risk factors for symptoms of childhood asthma, allergic thinoconjuncti-
vitis and eczema in the Pacific; an ISAAC Phase I smudy. Int ] Tuberc Lung
Dis 12: 799-780.

Gomez R, Teijciro A, Zemoiti M, Canonica G, Mimesi G, ct al. (2008)
Smoking is a risk factor for having rhinitis in adelescents. Allergy 63: 419,
Kabir Z, Manning FJ, Holohan J, Keogan S, Goodman PG, ct al (2009)
Sccond-hand smoke cxposure in cars and respiratory health offects in children.
Eur Respir | 34 629 633,

Brescianini S, Brunetto B, lacovacci P, D'Ippolito C, Alberd G, et al. (2009)
Prevalence of self-perceived ic diseases and risk factors in Italian
adolesxcents. Pediatr Allergy Immunol 20: 578-84.

March 2014 | Volume 11 | Issue 3 | e1001611

186

Epidemiologic studies of the risk factors of allergic rhinitis

Part 1



Jurgita Saulyte

Annexes

Annex II. Cont.

107.

110.

112,

113.

114.

115.

116.

117,

118.

119

121,

122,

123

124,

125,

127,

128.

131.

. Gonzdkz-Diaz SN, Del Rio-N:

. Linncberg A, Simonsen JB, Petersen J,

Musharrafieh U, AlSahab B, Zaitoun F, EL Hajj MA, Ramadan F, et al. {2009)
Prevalence of asthma, allergic rhinits and cczema among Lebanese
adolescents. ] Asthma 46: 382-87.

10 BE, Pictropaolo-Ci DE,
Escalante-Dominguez AJ, Garcia-Almaraz RG, et al. (2010} Factors associated
with allergic rhinitis in chidren and adolescents from northern Mexico:
International Study of Asthma and Allergies in Chidhood Phase IITB. Allergy
Asthma Proc 31: 53-62.
Bedolla-B: M, Cu Rios G, Garc: E, Barrera-Zepeda AT,
MorakesFRomero J 2010) Prc\'akma) factores amuadus ala rinitis alérgica
en escolares de Ciudad Guzmin, Mexico. [Prevalence and factors associated to
allergic rhinits among schoolchildren of Ciudad Guzmian, Mexico] Rev Invest
Clin 62:; 244-251
Wang HY, Pizz:u:hm\ MM, Becker AB, Duncan JM, Ferguson AC, et al. (2010}
lences of asthma, allergic }mmmi]mn:uvms and
Ju:vpu: eczema among adolescents in five Canadian cities, Pediatr Allergy
Immumol 21: 867-877.
Viski E, Smvric K, Seckova L, Kimovska M, Isjanovska R (2011) Do
househdd tobacco smoking habits influence asthma, rhinitis and eczema
among 13-14 year-old adolescents? Allergal Immunopathol 044
Virkkula P, Liukkonen K, Suomakhinen AK, Aronen ET, Kijavainen T, et al.
{2011) Parcntal smoking, nasal resistance and rhinitis in children. Acta Pacdiatr
100; 1234-1238.
Hikansson K, von Buchwald C, Thomsen SF, Thyssen JP, Backer V, et al.
(2011) Nonallergic rhinitis and its association with smoking and lower airway
disease: a general population study, Am ] Rhindl Allergy 25: 2529
Chen BY, Chan CC, Han YY, Wu HP, Guo YL {2012) The risk factors and
quality of life in children with allergic rhinitis in relation to seasonal attack
patterns. Paediatr Perinat Epiderniol 26: 146-155.
Pefiaranda A, Aristizabal G, Garcia E, Vasquez C, Rodriguez-Martinez CE,
et al. (2012) Allergic rhinitis and asociated factors in schoolchildren from
Bogota, Colombia. Rhinology 50: 122-128,
Tanaka K, 1\1\)31:: Y, Arakawa M (2012) Smoking and prevalence of allergic
women: baseline data from the Kyushu
Okinawa M.m:m.al and Child Health Study. Environ Health 11: 15.
Montefort S, Ellul P, Montefort M, Caruana S, Grech V, et al. (2012} The
effect of cigarette snoking on allergic conditions in Maliese children ISAAC).
Pediatr ¢ Immumol 23 472-478.
Mitchell EA, Beasley R, Keil U, Montefort 5, Odhiambo J, et al (2012} The
association between tobacco and the risk of asthma, rhinoconjunctivitis and
eczema in children and adolescents: analyses from Phase Three of the ISAAC
programme, Thorax 67; 941-049,
Mills CM, Srivastava ED, Harvey IM, Swift GL, Newcombe RG, et al. {1994)
Cigarette smoking is not a risk factor in atopic dermatitis. Int ] Dermatol 33:
33-34

Barh

. Yang CY, Cheng MF, Hich YL {2000} Effects of indoor environmental factors

on risk for atopic cczema in a subtropical arca. ] Toxicol Emviron Health A 61:
245-253.

Purvis If, Thompson JM, Clark PM, Robinson E, Black PN, et al. (2005) Risk
factors for atopic dermatitis in New Zealand children at 3.5 years of age.
Br J Dermatol 152 742-749,

Hailcamlak A, Dagoye D, Willams H, Venn AJ, Hubbard R, ct al, {2005)
Early life risk factors for atopic dermatitis in Ethiopian children. J Allergy Clin
Immumol 115: 370-376.

Sebsk B, Schneider I, Harang T (2006) nmr-, Care Pacdiatricians in
Baranya County. Familiar and 1 fl ing atopic
dermatitis in the childhood. ] Eur Acad Dermatol \-’cm:rml 20; 418 422
Miyake Y, Tanzka K, Arakawa M (2011} IL13 genetic polymorphisms,
smoking, and eczema i women: a case-control study in Japan. BMC Med
Genet 12: 142,

Burr ML, Miskelly FG, Butland BK, Merrett TG, Vaughan-Williams E {1989)
Environmental factors and symptoms in infants at high risk of allergy.
J Epidemiol Community Health 43: 125132,

. Zeiger RS, Heller S (1995) The development and prediction of atopy in high-

risk children: follow-up at age seven years in a prospective randomized study of
combined maternal and infant food allergen avoidance. ] Allergy Clin
Tmmunol 95; 1179-1190,

Olesen AB, Ellingsen AR, Olesen H, Juul S, Thestrup-Pedersen K (1997)
Atopic dermatitis and birth factors: historical follow up by record linkage. BM]
314: 10031008,

Bergmann RL, Diepgen TL, Kuss O, Bergmann KE, Kujat J, et al. (2002)
Breastfeeding duration is a risk factor for atopic eczema. Clin Exp Allergy 32:
205-209.

. Kerkhof M, Koopman LP, van Strien RT, Wijga A, Smit HA, et al, (2003) Risk

factors for atopic dermatitis in infants at high risk of allergy: the PIAMA sudy.
Clin Exp Allergy 33: 13% 1341,

Stenshalle LG, Benn CS {2006)
Differential effects of risk factors on infant wheeze and atopic dermatitis
emphasize a different etiology. ] Allergy Clin Tmmundl 117; 184189,
Lerback A, Kyvik KO, Ravn H, Menné T, Agner T (2007) Incidence of hand
eczema in a population based twin cohort genetic and environmental risk
factors. Br ] Dermatol 157 552-557

PLOS Medicine | www.plosmedicine.org

132,

133.

135

137,

138.

139,

141,

142,

143,

145,

149,

150,

151

152,

153.

154.

135.

156,

157,

Smoking and Allergic Diseases

Noakes P, Taylor A, Hale J, Breckler L, Richmond P, et al. (2007) The effects
of maternal smoking on carly mucosal immunity and sensitization at 12 months
of age. Pediatr Allergy Immunol 18 118-127.

Sariachvili M, Droste J, Dom S, Wieringa M, Vellinga A, et al. (2007) Is breast
feeding a risk factor for eczema during the first year of life? Pediatr Allergy
Immmmol 18: 410-417

. Tanaka K, Miyake ¥, Sasaki S, Ohya Y, Hirota Y, ct al. (2008) Maternal

smoking and environmental tobacco smoke exposure and the risk of allergic
diseases in Japanes infants: the Osaka Matemnal and Child Health Study.
J Asthma 45: 833838,

Bohme M, Kull T, Bergstrém A, Wickman M, Nordvall L, et al_ (2010} Parental
smoking increases the risk for eczema with sensitization in 4-year-old chidren,
J Allergy Clin Immunol 125; 941-943,

. Jedrychowski W, Perera F, Maugeri U, Mrozek-Budzyn D, Miller RL, et al.

{2011} Effects of prenatal and perinatal exposure to fine air pollutants and
maternal fish consumption on the occurrence of infantile eczema Int Arch
Allergy Immunol 155: 275-281.

Edman B (1988) Palmar cczema: a pathogenetic role for acerylalicylic acid,
contraceptives and smoking? Acta Derm Venercol 68: 402-407.

Volkmer RE, Ruffin Rﬁ Wigg NR, Davies N (1995) The prevalence of
repiratory symptoms i South Australian preschool children. 1. Factors
assciated with indoor air quality. J Pacdiatr ("}uld Health 31: 116-120.

Liss GM, Sussman GL, Deal K, Brown §, Cividino M, ct al, {1997) Latex
allergy: epidemiological study of 1351 hospital workers, Occup Environ Med
54 335342,

. Schafer T, Dirsched] P, Kunz B, Ring J, Uberla K (1997) Maternal smoking

during pregnancy and lactation increases the risk for atopic eczema in the
ofspring. ] Am Acad Dermatdl 36: 550-556.

Linncberg A, Niclsen NH, Menné T, Madsen T, Jorgensen T (2003) Smoking
might be a risk factor for contact allergy. ] Allergy Clin Immunol 111: 980984,
Montnemery P, Nihlén U, Goran Lafdahl C, Nyberg P, Svensson A (2003)
Prevalence of self-reported eczema in relation to living environment, socio-
economic status and respiratory symptoms assessed in a questionnaire study.
BMC Dermatol 3: 4.

Yemancherhan H, Flohr C, Lewis SA, Bekele Z, Parry E, et al. (2004)
Prevalence and associated factors of atopic dermatits symptoms in rural and
urban Ethiopia. Clin Exp Allergy 34: 779-785.

Heudorf 11, Schiimann M, Angerer J, Exner M {2005) Dermal and bronchisl
symptoms in children: are they caused by PAH containing parquet glue or by
passive smoking? Int Arch Occup Environ Health 78: 655-662.
Montnemery P, Nihkén U, Lafdahl CG, Nyberg P, Svensson A (2005)
Prevalence of hand eczema in an adult Swedish ion and the relationship
to rigk occupation and smoking. Acta Derm Venereol 85: 429432,

. Dotterud LK, Smith-Siversen T (2007) Allergic contact sensitization in the

general adult population: a population-based sudy fram Northern Norway.
Cantact Dermatitis 56; 10-15.

. Al-Sshab B, Atoui M, Musharrafich U, Zaitoun T, Ramadan F, et al. (2008)

Epidemiology of eczema among Lebanese adolescents. Int J Public Health 53:
260-267.

. Ergin §, Ozgahin A, Erdogan BS, Akian S, Zencir M (2008) Epidemiology of

atopic dermatitis in primary schoolchildren in Turkey. Pediatr Dermatol 25:
399-401,

Suirez-Varela M, Garcia-Marcos L, Kogan MD, Llopis Gonzilez A, Martinez
Gimeno A, et al. (2008) Parents' smoking habit and prevalence of atopic
eczema in 67 and 1314 yearold schoolchildren in Spain. ISAAC phase IIL
Allergd Immunopathol (Madr) 36: 336442,

Attwa E, el-Laithy N (2009 Contact dermatiti in car repair workers. ] Eur
Acad Dermatol Venereol 23; 138-145,

M:chng B Alderling M, Albin M, Brisman J, Wrangsjo K (2008) Does tobacco

g il the of hand eczema? BrJ Dermatol 160: 514
518,
Lipiiska K1, Elgalal A, Kuna P (2009 Epidemiologia atopowcgo zaj
skm)upopu]aq ugon:] oW t lod zkd i

of atopic dermatitis in general m})u]aum of Lodz prrm'mu: ] utm:ns]

Pneumanol Alergol Pol 77: 145-151

Kepapadalkd P, Manios Y, Liarigkovinos T, Grammatikaki E, Douladiris N,
et al. (2009) Association of passive exposure of pregnamt women to
environmental tobacco smoke with asthma symptoms in children. Pediatr
Allergy Immunol 20: 423429,

Rahrl K, Stenberg B (2010} Lifestyle factors and hand eczema in a Swedish
adolescent population. Contact Dermatitis 62: 170176,

Thyssen JP, Linncberg A, Menné T, Niclsen NH, Johansen JD (2010) The
effect of tobacco smoking and alcohal consumption on the prevalence of self
reported hand eczema: a cross-sectional population-hased study. Br ] Dermatol
162; 619-626.

Meding B, Alderling M, Wrangsjé K (2010} Tobacco smoking and hand
cczema: a population-based study. Br ] Dermatol 163; 752-756,

Yang YW, Chen YH, Huang YH (2011) Cigarente smoking may modify the
risk of depression in eczema among adults: a prefiminary study using NHANES
2005-2006. J Eur Acad Dermatol Venereol 25: 1048-1053,

Civelek E, Sahiner UM, Yitksel H, Boz AB, Orhan F, et al. (2011} Prevalence,
burden, and risk factors of atopic eczemain schodlchildren aged 10- 11 years: a
national multicenter study. J Investig Allergol Clin Immund 21; 270-277,

March 2014 | Volume 11 | Issue 3 | 1001611

Epidemiologic studies of the risk factors of allergic rhinitis

Part 1

187



Annexes

Jurgita Saulyte

Annex II. Cont.

158.

161.

162,

163,

165.

167

169,

170.

171.

172,

173.

174

175.

176.

177.

178.

179,

181.

182,

183.

185.

Dei-Cas P, Acuiia ME, DeiCas I (2011) Atopic dermatitis in children: a
comparative survey among 2 age groups. Rev Chil Pediatr 82: 410-418
Apfelbacher CJ, Diepgen TL, Schmitt J (2011} Determinants of eczema:
population-based crosssectional study in Germany. Allergy 66: 206213,
Park H, Kim K {201 1) Association of blood mercury concentrations with atopic
dermatitis in adults: a population-based study in Korea. Environ Res 111: 575
578.
Berglind IA, Alderling M, Meding B (2011) Life-style factors and hand eczema.
Br ] Dermatol 165: 568-575.
Breumg_]}\ de Almeida HL Jr, Duquia RP, Souza PR, Staub HL {2012} Scalp
] dermatitis: il and a: 1 factors in male addescents,
Int ] Dermatal 51: 46 49,

. Yi O, Kwon HJ, Kim H, Ha M, Hong 5], etal. (2012) Effect of environmental

tobacco smoke on atopic dermatitis among children in Korea. Environ Res
113; 4045,

Rénmark EP, Ekerljung L, Lotvall ], Wennergren G, Ronmark E, et al. (2012)
Eczema among adults: prevalence, risk factors and relation to airway disases.

Results from a large-scale population survey in Sweden, Br | Dermatol 166:

13011308,

Kavali A (2011) Padidéj jaurumo maisto produktams T alergijos
maistui paplitimas tarp Vilniaus miesto gyventoju [The prevalence of adverse
reactions to food and food alergy among Vinius city (Lithuania) inhabitants]
[dissertation]. Vilnius: Institute of Public Health, Vilnius University,

Kulig M, Luck W, Lau 8, Niggemann B, Bergmann R, et al. (1999) Effect of
pre-and postnatal tobacco smoke exposure on specific ensitization to food and
inhalant allergens during the first 3 years of life, Multicenter Allergy Study
Group, Germany, Allergy 54: 220-228,

. Dubakiené R, Surkiené G, Stukas R, Pirmaityté-Vilesko J, Kavaliimas A (2008)

rouda]lcrgu:amm\gﬁth%gnd:sdmldnldrmm\'ﬂmm{hthma}
Ekologija 54: 1-4

Taylor B, Wadsworth J, Golding J, Butler N (1983) Breast feeding, eczema,
asthma, and hayfever. ] Epidemiol Community Heakh 37; 95 09,

Butland BK, Strachan DP, Lewis S, Bynner J, Butler N, ct al (1997)
Investigation into the increase in hay fever and cczema at age 16 observed
between the 1958 and 1970 British birth cohorts. BM] 315: 717-721

Arshad SH, Stevens M, Hide DW (1993) The effect of genetic and
environmental factors on the prevalence of allergic disorders at the age of
two years, Clin Fxp Allergy 23: 504 511

Biagini JM, LeMasters GK, Ryan PH, Levin L, Reponen T, et al (2006)
Environmental risk factors of rhinitis in carly mfancy. Pediatr Allergy Immunol
17: 278284,

Reh DD, Lin SY, Clipp SL, Trani L, Alberg AJ, et al. (2009) Secondhand
tobacco smoke exposure and chronic rhinosinusitis a population-based case-
control sudy. Am J Rhind Allergy 23: 562-567.

Merrett TG, Bure ML, Butland BK, Merrett ], Miskelly FG, et al. {1988) Infant
feeding and allergy: 12-month prospective study of 500 babies born into alergic
familics. Ann Allergy 61: 13-20.

Dei-Cas I, Dei-Cas P, Acufia K (2009) Atopic dermatits and risk factors in
poor children from Great Buenos Aires, Argentina. Clin Exp Dermatal 34
Wang IJ, Hsich WS, Wu KY, Guo YL, Hwang YH, et al. (2008} Effect of
gestational smoke exposure on atopic dermatitis in the offspring. Pediatr
Allergy Immunol 19: 580-586.

Dotierud LK, Odland JO, Falk ES (2004} Atopic dermatitis and respiratory
symptoms in Russian and northern Norwegian school children: a comparison
study in two arctic areas and the impact of environmental factors. ] Eur Acad
Dermatol Venereol 18: 131-136.

Daotterud LK, Odland JO, Falk ES (2000} Atopic diseases among adults in the
two grographically related arctic areas Nikel, Russia and Ser-Varanger,
Norway: possible effects of indoor and outdoor air polution. ] Eur Acad
Dermatol Vencreol 14: 107-111.

Kulig M, Luck W, Wahn U (1999) The association between pre- and postnatal
tobacco smoke exposure and allergic senstization during early childhood.
Multicentre Allergy Study Group, Germany. Hum Exp Toxicol 18: 241-244.

. Miyake Y, Ohya Y, Tanaka K, Yokoyama T, Sasaki 5, et al. (2007) Home

environment and suspected atopic eczema in Japanese mfants: the Osaka
Maternal and Child Health Study. Pediatr Allergy Immund 18: 425432
Thyssen JP, Johansen JD, Menné T, Niclsen NH, Linncberg A (2010) Effect of
tobacco smoking and alcohol comsumption on the prevakence of nickel
sensitization and contact sensitization. Acta Derm Venereol 90: 27-33.
Barbee RA, HalmmM,Kalhm}mnWT Burrows B (1991) A longitudinal
study of respi inac ity population sample. Correlations
with smoking, a]lcrgmslun—tutmcn\l) and serum IgE. Chest 99: 20-26.
Thomsen SF, Ukik CS, Porsbjerg C, Backer V (2006) Early life exposures and
risk of atopy among Danish children. Allergy Asthma Proc 27: 110114,

. Larsson ML, Magnuson A, Monigomery SM (2005) Parcntal smoking and

allergic sensitization in offspring defined by skin prick testing, Pediatr Allergy
Immunol 16: 449452,
Liptay 5, Bauer CP, Gritbl A, Fraan Emmrich P {1991) Atopicentwickhmg

in der fruhen Kindheit-Pr Faktoren [Devel of atopic
disease in early chilihood predisposing factorg]. M. hr Kinderheikd 130
130-135.

PLOS Medicine | www.plosmedicine.org

186.

187

191

192,

193,

197,

. Dubaki

202,

203.

205.

207,

210.

211

212.

. Staikomiene J, Sakalaus

. Mitchell EA,

Smoking and Allergic Diseases

Wittig HJ, McLaughlin ET, Leifer KL, Belloit JD {1978) Risk factors for the
dndo;mmu{a]lﬂgmdlm analysis of 2,190 patient records. Ann Allergy
41: B4-88.

Lmnehzrg)\ NidsmN'[‘[,l\JmF l"rnhmdl.,[ht]um)\,ﬂal {2001)
s and the develop of allergic o 1L in
adults: a prospective population-based stady. The Copenhagen Allergy Study.
Allergy 56: 326-332.

. Zettersirom O, Osterman K, Machado L, Johansson SG (1981) Another

smoking hazard: raied serum IgE concentration and increased risk of
occupational allergy. BM] 283 1215-1217.

. Braback L, K_]dlman NI, Sandin A, Bjm'k_sm B (2001) Atopy among

schoolchildren in northem and southern Sweden in relation to pet ownership
and eary life events. Pediatr Allergy Immunol 12: 4-10.

. Raherison C, Pénard-Morand C, Moreau D, Caillaud D, Charpin D, et al,

(2008 Smoking exposure and allergic sensitization in children according o
maternal allergies. Ann Allergy Asthma Immunol 100: 351-357.

Bakos N, Scholl I, Szalai K, Kundi M, Untersmayr E, et al (2006) Risk
asesment m elderly for sensitization to food and respiratory allergens.
Immumol Lett 107: 15-21.

Harris-Roberts ], Robinson E, Waterhouse JC, Billings CG, Proctor AR, et al.
(2009 Sensitization to wheat flour and enzymes and asociated respiratory
symptoms in British bakers. Am ] Ind Med 52; 135 140,

Tsunoda K, Ohta Y, Shinogami M, Soda Y (1995) Docs passive smoking affect
the incidence of nasal allergics? Am J Public Healih 85; 1019-1020,

. Jeebhay MF, Robins TG, Miller ME, Bateman E, Smuts M, et al (2008)

Occupational allergy and asthma among salt water fish processng workers.
Am ] Ind Med 51: 899-910.

. Angioni AM, Fanciulli G, Corchiat C (1989} Frequency of and risk factors for

allergy in primary school children: results of a population Survey. Paediatr
Perinat Epidemiol 3: 248-255

. Frank P, Morris J, Hazell M, Linchan M, Frank T (2006) Smoking, respiratary

symptoms and likcly asthma in young people: cvidence from postal
questionnaire surveys in the Wythenshawe Community Asthma Project
(WYCAP), BMC Pulm Med 6: 10,

Guedes HTV, Souza LSF (2009) Exposure to matemal smoking in the first year
of life interferes in breast-feeding protective effect against the onset of
repiratory allergy from birth to 5 yr. Pediatr Allergy Immunol 20: 30-34.

R (2003} Ziedadulkiu sukelto al Tinito ir
bronchu astmos imunalogines savybes bei rizikos veikmiai [The immmmological
parameters and risk factors for pollen-induced allergic rhinitis and ashma],
Medicina {Kmmas} 39: 244253,

R, Vaic ¢D, Z icinte J, J ¢ I, Drgsutiend G,
et al. (2006) Human ecology studies: the role of environmental factors in
pregnancy. Ekologija 4: 18-21.

Woods RK, Abramson M, Raven JM, Ba]]:) M, Wcm:r]M, et al, (1998)
Reported food intok ce and in young adults. Eur
Respir J 11: 151-155

. Huang SW (2007) Follow-up of children with rhinitis and cough associated with

milk allergy. Pediar Allergy Immunol 18: 81-85,

Pegas PN, Alves CA, Scotto MG, Evtyugina MG, Pio CA, ctal. (2011} Factores
de risco e prevalencia de asma ¢ rinite em criancas em idade escolar em Lishoa
[Risk factors and prevalence of asthma and rhinitis among schoolchildren in
hshm] Rev Port Pneumal 17: 109-116.

D, And K, Fagerlund I, Kjellman NI (1996) Significance of
indum' for the devel of dlergic symptoms in children
followed up to 18 months of age. Allergy 51: 789-795.

Hagendorens MM, Bridts CH, Lauwers [(.,\a'n Nm_]sS EhoDG etal (2005)
Perinatal risk factors for sensiti atopic and ing during
the first year of life [PIPO study}, Clin Exp Allergy 35: 733-740,
Lucas A, Brooke OG, Cole T, Morky R, Bamford MF {1990) Food and drug
reactions, wheezing, and eczema in preterm infants. Arch Dis Child 65: 411
415,
Vessey MP, Painter R, Powell J (2000) Skin disorders in relation to oral
contraception and other factors, including age, social clas, smoking and body
mass index. Findings in a large cohort study. Br | Dermatol 143: 815-820,
G\m]mmG Abeni D, Masini C, Sera F, Aya]al",et.nl {2003} The
1 logy of atopic d itis in Italian sch 1. Allergy 58: 420

495,

Dubakicne R, Rudzeviciene O, Butiene I, Sezaite [, Petronyte M, et al. (2012)
Studies cmearl) allergic sensitization in the Lithuanian birth cohort. Sci World J
2012: 909524,

Stewart AW, ISAAC Phase One Smdy Group (2001)
Intemnational Study of Asthma and Allergy in Childhood. The ecological
relationship of tobacco smoking to the prevalence of symptoms of asthma and
other atopic diseases i children: the Intemational Study of Asthma and
Allergics in Childhood {(ISAAC). Eur ] Epidemiol 17: 667-673.

The Global Youth Tobacco Survey Collaborative Group (2002 Tobacco use
among youth: a cross country comparison. Tob Control 11: 252-270.

King K, Martynenko M, Bergman MH, Lin YH, Winickoff JP, et al (2009)
Famiy composition and children's exposure to adult smokers in their homes.
Pediatrics 123; £359-64,

Centers for Disease Control and Prevention (207) Exposure to secondhand
smoke among students aged 1315 yearsworldwide, 20002007, MMWR 56:
497500,

March 2014 | Volume 11 | lssue 3 | €1001611

188

Epidemiologic studies of the risk factors of allergic rhinitis
Part I



Jurgita Saulyte

Annexes

Annex II. Cont.

213,

214.

PLOS Medicine | www.plosmedicine.org

Rothman KJ {1986) Modem epidemidogy. Boston: Little, Brown and Co.
P39,

US Department of Health and Human Services (2007) Children and
scoondhand smoke exposure. Excerpts from The Health Conscquences of
Involuntary Exposure to Tobacco Smoke: A Report of the Surgeon General,
Adanta: US Department of Health and Human Services, Centers for Discase
Control and Prevention, Coordinating Center for Health Promotion, National
Center for Chronic Disease Prevention and Health Promotion, Office on
Smoking and Health.

29

Smoking and Allergic Diseases

. US Department of Health and Human Services (1986) The Health

Conzquences of Involuntary Smoking. A Report of the Surgeon General.
Rockville (Maryland): US Department of Health and Human Services, Public
Health Service, Centers for Discase Control, Center for Health Promotion and
Education, Office on Smoking and Health,

. Pérez-Rios M, Schiaffino A, Lépez MJ, Nebot M, Galin I, et al. {2013)

Questionnaire-based second-hand smoke assessment in adults. Fur J Public
Health 763-767

. Wahn 17 (2000) What drives the allergic march? Allergy 55: 591-599.

March 2014 | Volume 11 | Issue 3 | e1001611

Epidemiologic studies of the risk factors of allergic rhinitis

Part 1

189



Annexes

Jurgita Saulyte

An

PL

nex II. Cont.

Editors’ Summary

Background. The immune system protects the human
body from viruses, bacteria, and other pathogens. Whenever
a pathogen enters the body, immune system cells called T
lymphocytes recognize specific molecules on its surface and
release chemical messengers that recruit and activate other
types of immune cells, which then attack the pathogen.
Sometimes, however, the immune system responds to
harmless materials (for example, pollen; scientists call these
materals allergens) and triggers an allergic disease such as
allergic rhinitis (inflammation of the inside of the nose; hay
fever is a type of allergic rhinitis), allergic dermatitis (also
known as eczzema, a disease characterized by dry, itchy
patches on the skin), and food allergy. Recent studies
suggest that all these allergic (atopic) diseases are part of a
continuous state called the “atopic march” in which
individuals develop allergic diseases in a specific sequence
that starts with allergic dermatitis during infancy, and
progresses to food allergy, allergic rhinitis, and finally asthma
(infllmmation of the airways).

Why Was This Study Done? Allergic diseases are
extremely common, particularly in children. Allergic rhinitis
alone affects 10%-30% of the world’s population and up to
40% of children in some countries. Moreover, allergic
diseases are becoming increasingly common. Allergic
diseases affect the quality of life of patients and are
financially costly to both patients and health systems. It is
important, therefore, to identify the factors that cause or
potentiate their development. One potential rsk factor for
allergic diseases is active or passive exposure to tobacco
smoke. In some countries up to 80% of children are exposed
to second-hand smoke so, from a public health point of view,
it would be useful to know whether exposure to tobacco
smoke is associated with the development of allergic
diseases. Here, the researchers undertake a systematic review
(a study that uses predefined criterda to identify all the
research on a given topic) and a meta-analysis (a statistical
approach for combining the results of several studies) to
investigate this issue.

What Did the Researchers Do and Find? The researchers
identified 196 observational studies (investigations that
observe outcomes in populations without trying to affect
these outcomes in any way) that examined the association
between smoke exposure and allergic rhinitis, allergic
dermatitis, or food allergy. When all studies were analyzed
together, allergic rhinitis was not associated with active
smoking but was slightly associated with exposure to
second-hand smoke. Specifically, compared to people not
exposed to second-hand smoke, the pooled relative risk (RR)
of allergic rhinitis among people exposed to second-hand
smoke was 1.10 (an RR of greater than 1 indicates an

0S Medicine | www.plosmedicine.org
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Smoking and Allergic Diseases

increased risk of disease development in an exposed
population compared to an unexposed population). Allergic
dermatitis was associated with both active smoking
(RR=1.21) and exposure to second-hand smoke (RR=1.07).
In the populations of children and adolescents included in
the studies, allergic rhinitis was associated with both active
smoking and exposure to second-hand smoke (RRs of 1.40
and 1.09, respectively), as was allergic dermatitis (RRs of 1.36
and 1.06, respectively). Finally food allergy was associated
with exposure to second-hand smoke (RR=1.43) when
cohort studies (a specific type of observational study) only
were examined but not when all the studies were combined.

What Do These Findings Mean? These findings provide
limited evidence for a weak association between smoke
exposure and allergic disease in adults but suggest that both
active and passive smoking are associated with a modestly
increased risk of allergic diseases in children and adolescents.
The accuracy of these findings may be affected by the use of
questionnaires to assess smoke exposure and allergic disease
development in most of the studies in the meta-analysis and
by the possibility that individuals exposed to smoke may
have shared other characteristics that were actually respon-
sible for their increased risk of allergic diseases. To shed more
light on the role of smoking in allergic diseases, additional
studies are needed that accurately measure exposure and
outcomes. However, the present findings suggest that, in
countries where many people smoke, 14% and 13% of
allergic rhinitis and allergic dermatitis, respectively, among
children may be attributable to active smoking. Thus, the
elimination of active smoking among children and adoles-
cents could prevent one in seven cases of allergic rhinitis and
one in eight cases of allergic dermatitis in such countries.

Additional Information. Please access these websites via
the online version of this summary at httpy//dx.doi.org/10.
1371/journal.pmed.1001611.

® The UK National Health Service Choices website provides
information about allergic rhinitis, hay fever (incduding
personal stories), allergic demmatitis (including personal
stories), and food allergy (including personal stories)

The US National Institute of Allergy and Infectious Disease

provides information about allergic diseases

The UK notfor-profit organization Allergy UK provides
information about all aspects of allergic diseases and a
description of the atopic march

MedlinePlus encyclopedia has pages on allergic rhinitis
and allergic dermatitis (in English and Spanish)
MedlinePlus provides links to further resources about
allergies, eczema, and food allergy (in English and Spanish)
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Jurgita Saulyte Introduction

Allergic rhinitis, in spite of its benign evolution, represents a global health
problem. The identification of modifiable risk factors of allergic rhinitis is
crucial in order to reduce its high economic cost and substantial impact on the
quality of life of the patients and their relatives, as well as to apply effective

preventive measures.

Although allergic rhinitis is known to have genetic determinants,! the
prevalence increase, observed in the last decade, has occurred far too rapidly
for genetic changes to explain it.2 Gene-environmental interactions were
proposed recently as the most important risk factor for atopic diseases
including allergic rhinitis.3* Changing industrialization, urbanization, economic
development and market globalization have a significant impact on the health
and nutritional status of populations, particularly in developing countries.?
These changes in diet and lifestyle are considered as the main determinant of
the increase in prevalence of atopic conditions over the world. Nutrition is
coming to the fore as a major modifiable determinant of disease including
allergies, with scientific evidence supporting the view that alterations in diet

may have strong effects, both positive and negative, on health throughout life.5

Existing studies regarding the relation between diet and allergic rhinitis yielded
contradictory results. Further research is still required to establish the feasibility
and efficacy of dietary manipulation as a public health measure to reduce the

risk of allergic diseases.

We, therefore, decided to conduct a multicenter case-control study in order to

determine possible modifiable dietary risk factors of allergic rhinitis.
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3.2.2.1. Study Design

A multicenter case-control study was carried out between January 2011 and

October 2013.
3.2.2.2. Study Population

387 cases and 387 controls were recruited from 6 large pharmacies in 2 cities in
Northwest Spain and from the pulmonology and allergology units of 2 main
hospitals of the same cities: Santiago de Compostela and Pontevedra. The
emergency care unit of the Hospital of Santiago de Compostela was also

included for the collection of control subjects.
3.2.2.3. Data Collection

All participants were asked to answer a 4-page questionnaire (Annex I). Cases
were selected from patients attending the hospital units for allergy symptoms.
Also, pharmacy customers who were buying over-the-counter medicines for
rhinitis symptoms such as antihistaminics and corticosteroids (complete list of
medicines available at annex II) were invited to participate in the study as
potential cases. Customers attending the pharmacy for any other reason than
allergy or respiratory symptoms and who fulfilled our matching criteria were
invited to take part in the study as potential controls. Hospital controls were
subjects attending for reasons other than allergic or respiratory symptoms. We
included subjects attending for injuries, cardiovascular and gastrointestinal
diseases as well as for gynecological motives. Case or control status was
confirmed by means of an algorithm as explained in the chapter “Disease
assessment”. In each location (pharmacy or hospital unit), controls were age-

and sex-matched to the cases on a one-to-one basis.

The questionnaire consisted of a series of rhinitis symptoms, a medical history,
a Food Frequency Questionnaire (FFQ) and questions on other lifestyle

variables that could be potential confounders of the relation between diet and
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allergic rhinitis. The questionnaire needed approximately 30 minutes to be
completed. In the nutritional part we incorporated 7 food groups, asking to
record the average frequency of consumption of each of 86 foods and beverages
during last year. The questionnaire was anonymous in order to increase the
response rate. Signed informed consent was obtained from all participants

(Annex III).

Additionally, we asked all participants to provide a sample of saliva for genetic
determinations. However, as the study of genetic factors is beyond the scope of
this dissertation that concentrates on modifiable environmental factors, results

on genetic polymorphisms will not be presented here but in future publications.
3.2.2.4. Disease Assessment

To determine cases of allergic rhinitis, we used The Allergic Rhinitis and its
Impact on Asthma (ARIA) questionnaire, together with criteria of the Joint Task
Force on Practice Parameters.6”8 The participants were asked to record the
presence of six main symptoms of rhinitis on the peak day of the current
episode and to rate their frequency from 0 (no attack per day) to 4 (more than
20 attacks per day). These symptoms were: nasal congestion, sneezing, runny
nose, postnasal drip, itching of the nose and itchy or watery eyes. We also asked
the participants to rate the thickness of their nasal secretion from 0 (very
watery) to 4 (very thick), and its color from 0 (colorless) to 4 (green). A list of

potential triggers of these symptoms was also suggested.

After the validation of the outcome (see chapter “Validation of the outcome”),
we required four criteria to define allergic rhinitis: (1) minimum symptom score
of 4 out of 12 for three main symptoms of allergic rhinitis (nasal congestion,
sneezing and runny nose) (2) consistency of nasal secretion from very watery to
medium, (3) color of nasal secretion to be white or colorless, and (4) at least one
of the irritants causing rhinitis symptoms should have been pollen, house dust
mites or animal dander. We selected the cutoff point of 4 for the first criterion as

this figure maximized the sensitivity and specificity of the allergic rhinitis
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diagnosis in the concurrent validation substudy explained below. However, our
main study results did not change substantially when we used other cutoff

points.

As allergic and non-allergic conditions often overlap in the same patient and
the symptoms may be similar in both conditions,®!® one of our aims was to
disentangle allergic and non-allergic rhinitis cases and exclude the latter from
our analysis. Subjects were considered as having non-allergic rhinitis if they
reported: (1) a minimum score of rhinitis symptoms of 4 out of 12 (nasal
congestion, sneezing and runny nose), (2) postnasal drip at least 6 times a day
or a thickness score of nasal secretion from medium to very thick, and (3)
rhinitis symptoms were triggered by either tobacco smoke, changes in
temperature, high humidity or exposure to aerosol sprays. The criteria for the
diagnosis of nonallergic rhinitis were based on clinical updates of the

disease.1011

For the analysis of the risk factors of allergic rhinitis, we selected only those
cases that did not have any coexisting non-allergic form of rhinitis. We did not

differentiate between seasonal and perennial types of allergic rhinitis.

Controls were selected from customers attending the pharmacy for reasons
other than allergic and respiratory diseases. The control group included
customers who sought medicine related to minor traumatic injuries, digestive
disorders, high blood pressure, diabetes, antidepressants. We also included

customers who were buying medications for their relatives.

Occasional sneezing and rhinorrhea in the morning after exposure to cold and
polluted air is considered to be a normal nasal response.” We therefore assumed
that some occasional nasal symptoms may be present in the healthy population
and thus accepted controls with minor symptoms. Customers were selected as
potential controls if (1) their score of rhinitis symptoms (nasal congestion,
sneezing and runny nose) was 3 or less out of 12, (2) they did not have any

subjective feeling or any confirmed diagnosis of rhinitis, (3) they did not use
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any medication that could hide possible rhinitis symptoms such as medicines
for asthma, and any type of mucolytic, decongestant and expectorant drug used
for common cold, flu, bronchitis and sinusitis. We used the same criterion to

select hospital-based controls.
3.2.2.5. Exposure Assessment

To assess the regular diet and obtain daily intakes of macro and micronutrients,
together with daily energy intake, we used an 86-item semi-quantitative food
frequency questionnaire which was developed based on the validated food
frequency questionnaire in Spain.!? Participants were asked about their average
frequency of consumption of standard portions of selected dietary items,
representative of the local diet, during the last year. Each food frequency was
reported with an eight-grade scale ranging from “never” to “more than three
times a day.” To calculate the content of macro and micronutrients for each
food item we used Spanish food composition databases that we completed with
European and American sources when the data was not available in the Spanish

sources.13-18

The variable of daily protein intake for each participant was created from all
food items, calculating their content of protein. The same methodology was
applied for calculation of other macro and micronutrient’s intake per day.
Consumption of meat contains daily amount of all types of meat and meat
products including offal. Daily consumption of dairy includes milk, all types of
cheese, butter and yoghurts. Proteins of animal origin include only those that
are from meat products, and proteins of vegetable origin consist only of those
proteins that are provided by fruits and vegetables, including all types of cereal

products, potatoes, beans and rice.

We calculated the daily intake of the following antioxidants: [B-carotene,
vitamin A, vitamin E, vitamin C, selenium and zinc. Daily consumption of all
fruits included: orange, grapefruit, tangerine, apples, pears, peach, apricot,

cherries, banana, strawberries, kiwi, melon, watermelon, pineapple. Avocado
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and olives also were considered as fruits. The variables of vegetable
consumption consisted of the mean intake of carrots, beets, onions, eggplant,
zucchini, pumpkin, asparagus, spinach, chard, leeks, tomatoes, lettuce, endive,

peppers, cabbage, turnips, beans, peas and potatoes.

Daily intake of omega 3 and omega 6 was obtained from the intake of fish and
seafood, including, among others, mussels, crustaceans and octopus. Oil intake
was calculated from the average consumption of olive oil or any other type of

vegetable oil which was used for cooking or for dressing.

An estimate of the total daily average alcohol intake was derived according to
the Spanish Health Survey (ENSE 2011/12) using average ethanol content in
100g of each type of beverage (10g for wine (red and white), 10g for beer and
20g for spirits).1?

Cigarette consumption was assessed using the standard World Health
Organization questionnaire.?? Smoking status categories were: never-smoker,
ex-smoker, occasional smoker, and current smoker of 1-19, 20-40, or more than

40 cigarettes a day.
3.2.2.6. Data Analysis

Those variables that did not follow a normal distribution were log-transformed.
We then categorized them into tertiles or quartiles according to the width of the
interval. Those variables the distribution of which remained highly asymmetric
after logarithmic conversion were divided into categories with similar sample
size. Crude and adjusted odds ratios and corresponding 95% confidence
intervals of possible risk factors for allergic rhinitis were estimated by

conditional logistic regression.

Possible risk factors for allergic rhinitis that were considered in the analyses as
candidates for potential confounders included level of education, history of

asthma, history of dermatitis, familial history of allergy, body mass index,
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energy expenditure in Kcal/hour, smoking habits, rural residency, alcohol
consumption, contact with animals, and humidity in the house. We also
considered additional adjustments for variables such as macro- and micro-
nutrients other than those considered as potential risk or protection factors for

allergic rhinitis.

Potential confounding variables were identified from those that showed a
relation with allergic rhinitis in the univariate analysis. In the final model, we
included those variables that changed the estimate of the odds ratio of the main

exposure and allergic rhinitis in more than 10%.2!

Finally, based on the criteria mentioned above, 5 variables were kept in the final
model: level of education, personal history of asthma, personal history of

allergic dermatitis, family history of allergy and total fat intake.

All analyses were performed using SPSS (Statistical Package for Social Sciences)

version 18.0 and STATA, version 12, software.?223
3.2.2.7. Validation of the Outcome

The main challenge of our diagnosis was to separate cases of allergic rhinitis
from cases of non-allergic rhinitis as typical symptoms are often similar in both
diseases. Furthermore, other diseases or syndromes such as common cold or
sinusitis may also lead to erroneous diagnosis of allergic rhinitis as they cause

nasal obstruction and block the sinuses.?425

Therefore, concurrently with the main study, we carried out a validation study
aimed at documenting the validity of our diagnosis of allergic rhinitis. For this
purpose, we used as a gold standard a sample of 255 persons randomly selected
from our hospital subjects for whom the diagnosis of either allergic rhinitis,
non-allergic rhinitis or no rhinitis was firmly established. Specifically, we
selected 70 subjects whose diagnosis of allergic rhinitis was firmly established

using a) clinical examination, b) positive skin prick tests (SPT) to common
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inhaled allergens and/or presence of serum-specific IgE against these allergens
and c) absence of previous medication against rhinitis. We further selected 25
subjects with confirmed diagnosis of non-allergic rhinitis established after
clinical examination, negative SPT and normal serum IgE level, and no use of
any medication against rhinitis. Finally, we included 160 subjects who were
confirmed as free of allergic and non-allergic rhinitis as well as of common cold
and sinusitis. They had to fulfil the following criteria: 1) score of rhinitis
symptoms < 3 out of 12, (2) absence of any subjective feeling and diagnosis of
rhinitis, (3) no use of any medication that could hide possible rhinitis
symptoms. We asked those subjects to complete our disease questionnaire and
we calculated the sensitivity and specificity of our diagnosis using different
cutoff points for the symptom scores. The final figures were as follows for the
diagnosis of allergic rhinitis: sensitivity 0.74 and specificity 0.92. These figures
were reached using the cut-off point of allergic rhinitis symptoms score of 4 or

more out of 12.
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3.2.3.1. Sample Description

The final sample of this study consisted of 774 subjects: 387 cases and 387 age
and sex-matched controls. The global response rate was 72.5%. Table 1 displays
the distribution of the most important variables for cases and controls. Mean
age of participants was 34.5 years and range from 18 to 77, with 129 (33%) men
and 258 (67%) women in each group. The most important determinants
associated with allergic rhinitis, in terms of odds ratio magnitude, which were
introduced as variables of adjustment in the final model were level of
education, comorbid asthma, comorbid dermatitis, allergy history in family
members and total kilocalorie intake. Control subjects had higher education
level (48%) compared with cases (33%). Comorbid asthma and comorbid
dermatitis were much more frequent in cases (63% and 23% respectively) than
in controls (4% and 4% respectively) and were significantly associated with the
risk of allergic rhinitis risk (odds ratio (OR) = 41.6, 95% confidence interval (CI):
17.13-101.00 for asthma and OR = 7.88, CI: 3.94-15.78 for dermatitis). Cases
reported having family members with a history of allergic diseases such as
rhinitis, asthma or dermatitis more frequently than the control group (60% of
cases and 12% of controls). Moreover, allergic persons more often declared their
residence of living in rural areas, while controls showed a higher proportion of
smokers and alcohol drinkers. Overweight was more frequent among cases
than among controls while levels of physical activity and energy expenditure

were similar in both groups.
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Table 1. Distribution of covariables for allergic rhinitis
cases and controls

. Cases (387) Controls (387)
Variable
No. % No. %
Sex Male 129 333 129 333
Age 18-30 164 42.4 164 42.4
31-40 120 31.0 117 30.2
41-50 66 17.1 67 17.3
51-60 23 5.9 25 6.5
61-80 14 36 14 36
Education
No or Primary 111 29.4 70 19.0
Secondary 143 37.9 121 32.8
Higher 123 32.6 178 48.2
History of Asthma
No 144 37.2 328 95.6
Yes 243 62.8 15 4.4
History of Dermatitis
No 299 773 329 959
Yes 88 22.7 14 4.1
Allergy history in family members
No 154 39.8 298 87.6
Yes 233 60.2 42 124
BMI
<19 14 3.7 23 6.1
19-25 206 53.8 226 59.5
>25 163 42.6 131 345
Energy expenditure in Kcal/h
<9.75 71 222 71 20.8
9.75-19.5 165 51.6 188 55.1
>19.5 84 26.2 82 24.0
Physical activity
Low 54 174 82 23.6
Light 170 54.7 166 47.8
Moderate to Intense 87 28.0 99 285
Smoking habits
No smoking 276 71.9 248 64.8
Former smoker 53 13.8 51 133
Active/Occasional smoker 55 14.3 84 21.9
Heating at home
Do not have 51 13.8 29 9.2
Butane 50 13.6 52 16.6
Electrical 81 22.0 56 17.8
Central 187 50.7 177 56.4
Residency of living
City 203 52.9 233 70.4
Rural 181 47.1 98 29.6
Alcohol consumption
0 g/day 197 51.2 168 43.6
1-4 g/day 62 16.1 51 13.2
4-11 g/day 77 20.0 83 21.6
>11 g/day 49 12.7 83 21.6
Contact with animals
No 174 45.1 178 51.9
Little 66 17.1 28 8.2
Frequent 33 85 82 239
Daily 113 29.3 55 16.0
Humidity at home
No 278 72.6 243 75.7
Yes 105 27.4 78 243
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3.2.3.2. Dietary Patterns
Protein consumption

Association of allergic rhinitis and protein consumption, as well as other
potential confounding and effect modifying variables is shown in table 2. A
direct relation was observed between high protein consumption and allergic
rhinitis (OR=3.79; 95% CI: 2.40-5.97 for the highest quartile of intake). The
association was stronger after adjusting for confounders (OR=9.07; 95% CI: 1.92-

42 .83 for the 4th quartile).

Table 2. Odds ratios of allergic rhinitis by protein, energy and total fat intake

Cases Controls
Variable OR* 95% Cl ORft 95% ClI
No. % No. %

Protein intake

(median g/day)
1st quartile (72.25) 55 145 134 355 1.00 Reference  1.00 Reference
2nd quartile (93.89) 92 24.2 97 25.7 2.39 1.52-3.75 2.29 0.81-6.50
3rd quartile (118.31) 119 313 71 18.8 4.14 2.60-6.60 7.53 1.82-31.22
4th quartile (151.54) 114 30.0 75 19.9 3.79 2.40-5.97 9.07 1.92-42.83

Kcal intake

(median Kcal/day)
1st quartile (1557.64) 63 16.6 126 334 1.00 Reference  1.00 Reference
2nd quartile (1975.59) 103 27.1 86 22.8 2.35 1.53-3.60 1.72 0.64-4.66
3rd quartile (2400.46) 104 27.4 86 22.8 2.30 1.49-3.54 2.00 0.53-7.51
4th quartile (3071.00) 110 28.9 79 21.0 2.91 1.85-4.58 2.97 0.54-16.23

Total fat intake®

(median g/day)

1st quartile (55.72) 74 195 115 30.5 1.00 Reference 1.00 Reference
2nd quartile (74.26) 95 25.0 94 24.9 1.53 0.99-2.37 1.15 0.40-3.29
3rd quartile (89.65) 104 27.4 86 22.8 1.82 1.19-2.79 0.45 0.11-1.81

4th quartile (123.92) 107 28.2 82 218 1.94 1.27-2.97 0.29 0.06-1.44

* ORs were estimated from conditional logistic regression models, conditioned on age and sex

T OR’s of Protein and Kcal intake adjusted for education, history of asthma, history of dermatitis, allergy history in
family members, and total fat intake (except for the variable of Total fat intake¥);

¥OR’s of Total fat intake adjusted for education, history of asthma, history of dermatitis, allergy history in family
members, and Protein intake.

Our results show that thirty percent of our allergic rhinitis patients consume
more than 134 grams of protein per day, while in the control group this figure
was one-third lower (20%). After adjustment of potential confounders, subjects

with high intakes of protein (third and fourth quartile) have a considerable
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increase in the risk of allergic rhinitis. (Table 2) Assuming linearity of the effect
we performed a logistic regression where intake of protein was introduced as a
continuous variable. We found that every 10 g of protein augments the risk of

allergic rhinitis by 10 percent (data not shown).

Although the association is not statistically significant, energy intake is
probably related to the risk of allergic rhinitis (OR for the 4t quartile = 2.97;
95% CI: 0.54-16.23). Energy intake of a healthy and well-nourished population
should maintain an adequate body mass index (BMI) at the population’s usual
level of energy expenditure.?6 According to WHO recommendations, energy
requirements are specific to each person and vary with age, gender, body
weight, physical activity level and basal metabolic rate, ranging from 1550 up to
4500 Kcal/day.?6 Mean daily Kcal intake of our control subgroup was 2181
Kcal/day while that of cases was 2351 Kcal/day.

The association of a high intake of proteins with increased risk of allergic
rhinitis, persisted after adjustment for lifestyle variables such as physical
activity, smoking habits or alcohol consumption, as well as after control of
education level, history of asthma, history of dermatitis and allergy history in
family members. Energy intake and total fat intake were clearly associated with
protein consumption. However, adjustment for these variables did not mitigate
the effect of protein consumption on the risk of allergic rhinitis, but, on the
contrary, increased it. (Table 3) Our results showed a considerable increase in
the risk of allergic rhinitis among subjects with high intakes of fish, meat, and
dairy products. (Table 3) Proteins of animal origin seemed to exert higher effect
than proteins of vegetable origin, although both showed increase in the effect

for the highest quartile after total adjustment. (Table 3)
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Table 3. Odds ratios of allergic rhinitis by selected food groups used in multivariate model
introducing each food group one by one

Variable Median Cases Controls e 95%Cl  ORt 95% Cl
(e/day) No. % No. %
Fish and sea products
1st quartile 5151 81 213 108 28.6 1.00 Reference 1.00 Reference
2nd quartile 82.41 74 195 116 30.7 0.94 0.62-1.41 1.16 0.45-2.99
3rd quartile 121.90 115 30.3 75 19.8 2.12 1.38-3.26 2.20 0.75-6.45
4th quartile 190.97 110 28.9 79 20.9 1.80 1.19-2.72 2.13 0.72-6.24
Meat
1st quartile 59.53 63 16.6 126 333 1.00 Reference 1.00 Reference
2nd quartile 105.80 100 26.3 90 23.8 2.21 1.42-3.43 1.90 0.70-5.17
3rd quartile 156.56 118 31.1 72 19.0 3.05 1.97-4.71 1.98 0.60-6.15
4th quartile 21585 99 26.1 90 23.8 2.08 1.35-3.20 0.94 0.29-3.08
Dairy
1st quartile 123.14 89 234 100 26.5 1.00 Reference 1.00 Reference
2nd quartile 256.78 82 216 107 28.4 0.90 0.61-1.35 0.47 0.18-1.24
3rd quartile 350.57 99 26.1 91 241 1.31 0.87-1.96 0.91 0.35-2.40
4th quartile 623.76 110 289 79 21.0 1.70 1.12-2.59 0.82 0.26-2.57
Eggs
1st quartile 17.80 107 28.2 97 25.7 1.00 Reference 1.00 Reference
2nd quartile 25.83 86 22.6 87 231 0.90 0.59-1.38 0.48 0.16-1.44
3rd quartile 56.03 125 329 121 32.1 0.96 0.65-1.42 0.53 0.20-1.38
4th quartile 7748 62 16.3 72 19.1 0.77 0.49-1.21 0.79 0.23-2.73
Proteins of Animal origin
1st quartile 4350 62 163 127 33.7 1.00 Reference 1.00 Reference
2nd quartile 59.92 94 247 95 25.2 2.24 1.41-3.58 3.50 1.09-11.22
3rd quartile 78.31 113 29.7 77 20.4 3.05 1.93-4.81 3.62 0.88-14.89
4th quartile 105.90 111 29.2 78 20.7 2.93 1.87-4.59 7.66 1.35-43.38
Proteins of Vegetable origin
1st quartile 1867 66 174 123 326 1.00 Reference 1.00 Reference
2nd quartile 26.08 84 221 105 27.9 1.63 1.03-2.57 0.92 0.33-2.55
3rd quartile 3454 115 30.3 75 19.9 2.94 1.87-4.63 2.19 0.66-7.33
4th quartile 47.48 115 30.3 74 19.6 3.36 2.09-5.38 4.60 1.02-20.83

* ORs were estimated from conditional logistic regression models, conditioned on age and sex
TAdjusted for Kcal, education, history of asthma, history of dermatitis, allergy history in family members, and total

fat intake.

In general, high intakes of individual amino acids were related with increased

risk of allergic rhinitis. (Table 4) Especifically, high intakes of leucine, tyrosine,

valine and serine are associated with an increase in the risk of allergic rhinitis in

a dose-response fashion.
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Table 4. Odds ratios of allergic rhinitis and amino acids

Aminoacid edian Cases Controls OR* 95%Cl  OR' 95% CI
(8/day) No. % No. %
Overall 387 387
ESSENCIAL AMINO ACIDS
Histidine
1st quartile 1.87 56 14.7 132 35.0 1.00 Reference  1.00 Reference
2nd quartile 2.47 92 24.2 98 26.0 2.32 1.48-3.62 2.65 0.90-7.79
3rd quartile 3.16 117 30.8 73 19.4 4.01 2.50-6.43 5.50 1.26-23.95
4th quartile 4.16 115 30.3 74 19.6 3.84 2.43-6.08 11.53 2.27-58.60
Isoleucine
1st quartile 3.33 64 16.8 125 33.2 1.00 Reference  1.00 Reference
2nd quartile 4.34 92 242 97 25.7 191 1.25-2.92 1.67 0.60-4.68
3rd quartile 5.45 109 28.7 81 215 2.63 1.70-4.07 4.05 1.02-16.09
4th quartile 7.15 115 30.3 74 19.6 3.11 2.01-4.81 8.86 1.86-42.32
Leucine
1st quartile 5.53 60 15.8 129 34.2 1.00 Reference  1.00 Reference
2nd quartile 7.26 85 224 104 27.6 1.86 1.20-2.86 2.04 0.73-5.73
3rd quartile 9.14 123 324 67 17.8 4.00 2.54-6.32 8.18 1.20-34.20
4th quartile 12.09 112 295 77 20.4 3.36 2.14-5.27 16.95 3.13-91.82
Lysine
1st quartile 4.70 56 14.7 133 353 1.00 Reference  1.00 Reference
2nd quartile 6.15 89 234 100 26.5 2.21 1.41-3.46 3.63 1.19-11.02
3rd quartile 7.92 121 31.8 69 18.3 4.31 2.69-6.91 6.95 1.72-28.02
4th quartile 10.63 114 300 75 19.9 3.89 2.44-6.20 11.69 2.36-57.90
Methionine
1st quartile 1.53 63 16.6 126 33.4 1.00 Reference  1.00 Reference
2nd quartile 2.03 86 22.6 103 27.3 1.69 1.09-2.61 1.80 0.65-4.98
3rd quartile 2.57 119 313 71 18.8 3.31 2.12-5.17 2.22 0.61-8.02
4th quartile 3.43 112 295 77 20.4 2.82 1.83-4.33 3.65 0.88-15.22
Phenylalanine
1st quartile 3.22 58 15.3 131 34.7 1.00 Reference  1.00 Reference
2nd quartile 4.14 87 229 102 27.1 2.11 1.34-3.34 1.76 0.61-5.08
3rd quartile 5.20 125 329 65 17.2 4.50 2.81-7.21 9.42 2.10-42.28
4th quartile 6.81 110 28.9 79 21.0 3.64 2.27-5.84 15.40 2.60-91.25
Threonine
1st quartile 2.71 57 15.0 132 35.0 1.00 Reference  1.00 Reference
2nd quartile 3.55 90 23.7 99 26.3 2.13 1.38-3.29 2.58 0.92-7.27
3rd quartile 4.49 121 31.8 69 18.3 4.01 2.53-6.36 7.03 1.74-28.37
4th quartile 5.97 112 295 77 204 3.44 2.18-5.41 7.07 1.58-31.55
Tryptophan
1st quartile 0.49 52 13.7 136 36.1 1.00 Reference  1.00 Reference
2nd quartile 0.66 101 26.6 89 23.6 2.91 1.83-4.61 1.86 0.62-5.55
3rd quartile 0.83 114 30.0 76 20.2 3.82 2.41-6.04 4.65 1.05-20.65
4th quartile 1.07 113 29.7 76 20.2 3.80 2.40-6.01 5.40 1.13-25.78
Valine
1st quartile 3.74 62 163 126 334 1.00 Reference  1.00 Reference
2nd quartile 4.89 83 21.8 107 284 1.73 1.12-2.67 2.01 0.70-5.80
3rd quartile 6.18 121 31.8 69 18.3 3.74 2.37-5.92 9.76 2.17-43.93
4th quartile 8.11 114 30.0 75 19.9 3.43 2.17-5.42 22.27 3.69-134.42
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Table 4. Cont.

Amino acid  Median Cases Controls OR* 95%Cl  OR’ 95% ClI
(8/day) No. % No. %
Overall 387 387
NONESSENTIAL AMINO ACIDS
Alanine
1st quartile 3.03 57 150 132 35.0 1.00 Reference  1.00 Reference
2nd quartile 3.96 86 226 103 273 2.03 1.30-3.16  3.46 1.17-10.21
3rd quartile 4.99 129 339 61 16.2 4.69 2.95-7.47 10.16 2.59-39.89
4th quartile 6.60 108 284 81 21.5 3.24 2.06-5.09  9.98 2.03-49.05
Arginine
1st quartile 3.63 52 13.7 137 363 1.00 Reference  1.00 Reference
2nd quartile 4.80 88 232 102 27.1 2.35 1.48-3.73  3.36 1.01-11.19
3rd quartile 6.11 131 345 58 15.4 5.89 3.62-9.59  27.53  5.13-147.67
4th quartile 8.08 109 28.7 80 21.2 3.79 2.36-6.09 12.77 2.45-66.69
Aspartic acid
1st quartile 5.91 57 150 132 35.0 1.00 Reference  1.00 Reference
2nd quartile 7.77 85 224 104 27.6 1.99 1.28-3.08 2.85 0.97-8.38
3rd quartile 9.92 127 334 63 16.7 4.71 2.95-7.53 8.25 1.98-34.31
4th quartile  13.22 111 29.2 78 20.7 3.57 2.26-5.64  7.69 1.66-35.62
Cysteine
1st quartile 0.80 48 12,6 141 374 1.00 Reference  1.00 Reference
2nd quartile 1.05 103 271 86 22.8 3.34 2.10-5.31  3.80 1.26-11.47
3rd quartile 1.29 124 326 66 17.5 5.39 3.34-8.77 9.43 2.17-40.89
4th quartile 1.69 105 276 84 22.3 3.69 2.30-5.93  6.63 1.45-30.25
Glutamic acid
1st quartile 12.54 58 153 131 34.7 1.00 Reference  1.00 Reference
2nd quartile  16.06 92 242 97 25.7 2.19 1.41-3.40 1.24 0.48-3.20
3rd quartile  20.12 116 305 74 19.6 3.43 2.19-5.38 4.55 1.34-15.46
4th quartile  26.32 114 300 75 19.9 3.62 2.30-5.70  5.00 1.06-23.53
Glycine
1st quartile 2.79 50 13.2 138 36.6 1.00 Reference  1.00 Reference
2nd quartile 3.69 99 261 91 24.1 3.10 1.93-499 2.67 0.92-7.74
3rd quartile 4.75 123 324 67 17.8 5.13 3.17-8.30 4.77 1.35-16.84
4th quartile 6.25 108 284 81 215 3.77 2.36-6.01  5.10 1.15-22.63
Proline
1st quartile 4.22 65 17.1 124 329 1.00 Reference  1.00 Reference
2nd quartile 5.57 85 224 104 276 1.59 1.03-245 1.61 0.61-4.24
3rd quartile 6.88 114 30.0 76 20.2 2.86 1.84-4.44 291 0.89-9.48
4th quartile 9.23 116 305 73 19.4 3.17 2.02-4.96  3.68 0.88-15.49
Serine
1st quartile 3.14 61 16.1 128 34.0 1.00 Reference  1.00 Reference
2nd quartile 4.11 85 224 105 27.9 1.76 1.14-2.73 2.75 0.85-8.87
3rd quartile 5.10 120 316 69 18.3 3.54 2.27-5.53  14.19 3.03-66.35
4th quartile 6.75 114 30.0 75 19.9 3.41 2.16-5.38  20.76  3.29-130.86
Tyrosine
1st quartile 2.37 64 16.8 125 33.2 1.00 Reference  1.00 Reference
2nd quartile 3.11 80 21.1 109 28.9 1.54 0.99-2.38 1.69 0.60-4.76
3rd quartile 3.94 118 311 72 19.1 3.49 2.20-5.52 12.08 2.49-58.56
4th quartile 5.24 118 311 71 18.8 3.59 2.26-5.71  28.54  4.42-184.33

* ORs were estimated from conditional logistic regression models, conditioned on age and sex
TAdjusted for education, history of asthma, history of dermatitis, allerQy history in family members, and total fat
intake.
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Dietary antioxidants

We determined the daily intake of the following antioxidants: [-carotene,
vitamin A, vitamin E, vitamin C, selenium and zinc. The association of allergic
rhinitis with the intake of these antioxidants is shown in table 5. The strongest
positive association for the highest quartile was observed for [B-carotene
(OR=5.12; 95% CI: 1.54-17.04). According to one pooled analysis of 500 000
women living in the USA, Canada, and some European countries, the average
daily intake of B-carotene should be in the range 2000-7000 pg.?” The mean
intake of P-carotene in our study controls, that represent the general

population, was 4839 ng/day, while that of cases was higher (6045 ng).

High vitamin A consumption was related to an elevated risk of allergic rhinitis
in crude analysis before adjusting (OR= 2.87; 95% CI: 1.82-4.52 for 4t quartile).
After adjustment, the effect remained high for the 3¢ quartile only.

Vitamins E and C did not show any effect in the adjusted model while selenium
and zinc, considered as antioxidants, showed a strong association, limited,

however, to the 3rd quartile. (Table 5)
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Table 5. Odds ratios of allergic rhinitis and antioxidants

Variable e Controls p+ o551 ORt 95%Cl

No. % No. %

B-carotene intake
(median pg/day)
1st quartile (1480.89) 70 18.4 119 316 1.00 Reference 1.00 Reference
2nd quartile (3178.22) 81 213 108 28.6 1.57 1.01-2.43 1.52 0.54-4.30
3rd quartile (5849.28) 116 30.5 74 19.6 2.86 1.83-4.48 2.70 0.90-8.07
4th quartile (9932.09) 113 29.7 76 20.2 3.14 1.95-5.04 5.12 1.54-17.04
Vitamin A intake
(median pg Eq/day)
1st quartile (695.83) 65 17.1 124 329 1.00 Reference 1.00 Reference
2nd quartile (1133.57) 88 232 101 26.8 179 1.14-2.81 1.08 0.42-2.80
3rd quartile (1534.79) 119 31.3 71 18.8 3.17 2.04-4.92 4,10 1.26-13.41
4th quartile (2261.91) 108 28.4 81 21.5 2.87 1.82-4.52 2.81 0.87-9.05
Vitamin E intake
(median mg/day)
1st quartile (8.44) 68 17.9 121 32.1 1.00 Reference 1.00 Reference
2nd quartile (11.51) 98 25.8 91 24.1 2.15 1.37-3.38 0.85 0.33-2.16
3rd quartile (14.83) 111 29.2 79 21.0 298 1.86-4.77 122 0.41-3.65
4th quartile (20.36) 103 27.1 86 22.8 243 1.53-3.86 2.09 0.57-7.73
Vitamin C intake
(median mg/day)
1st quartile (110.73) 78 20.5 111 29.4 100 Reference 1.00 Reference
2nd quartile (195.55) 79 20.8 110 29.2 1.01 0.66-1.56 0.82 0.30-2.21
3rd quartile (280.94) 114 30.0 76 20.2 212 1.39-3.24 1.04 0.39-2.81
4th quartile (425.12) 109 28.7 80 21.2 2.10 1.34-3.27 2.49 0.79-7.80
Selenium intake
(median pg/day)
1st quartile (77.78) 57 15.0 132 35.0 1.00 Reference 1.00 Reference
2nd quartile (103.18) 87 22.9 102 27.1 1.88 1.19-2.96 1.31 0.47-3.62
3rd quartile (130.66) =~ 127 33.4 63 16.7 4.67 291-750 6.27 1.67-23.49
4th quartile (174.87) 109 28.7 80 21.2 3.24 2.04-514 396 0.90-17.31
Zinc intake
(median mg/day)
1st quartile (12.16) 63 16.6 126 334 1.00 Reference 1.00 Reference
2nd quartile (15.83) 88 23.2 101 26.8 1.74 1.12-2.70 2.36 0.77-7.19
3rd quartile (19.04) 122 32.1 68 18.0 3.34 2.14-5.21 5.78 1.44-23.22
4th quartile (24.08) 107 28.2 82 21.8 2.66 1.69-4.21 2.60 0.57-11.80
Fruit intake
(median g/day)
1st quartile (75.06) 65 17.1 124 329 1.00 Reference 1.00 Reference
2nd quartile (184.14) 92 24.2 97 257 188 1.20-294 170 0.62-4.62
3rd quartile (306.88) 106 27.9 84 223 2.46 1.59-3.81 3.19 1.07-9.51
4th quartile (519.93) 117 30.8 72 19.1 3.12 2.00-4.87 5.11 1.67-15.63
Vegetable intake
(median g/day)
1st quartile (173.52) 68 17.9 121 32.1 1.00 Reference 1.00 Reference
2nd quartile (312.23) 92 24.2 97 257 171 1.13-259 0.64 0.25-1.61
3rd quartile (445.24) 107 28.2 83 22.0 2.42 1.57-3.73 1.43 0.56-3.66
4th quartile (686.15) 113 29.7 76 20.2 3.11 1.95-496 251 0.83-7.58

* Crude OR
t Adjusted for education, history of asthma, history of dermatitis, allergy history in family members, and intake of
Kcal/day.
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Since fruits and vegetables are the main source of many antioxidants, they were
also considered in this analysis as an important covariate. We introduced
consumption of fruits and vegetables in to the crude and final adjusted analysis.
The task was to verify if the effect of chosen vitamins and minerals with
properties of antioxidant was actually attributable to that antioxidant or rather
could be explained by the effect of the entire food group. Higher consumption
of fruits showed a strong positive association before and after adjustment for
confounding variables (OR=3.12; 95% CI: 2.00-4.87 and OR=5.11; 95% CI: 1.67-
15.63 for highest quartiles respectively). Consumption of vegetables was related
with allergic rhinitis only in the crude analysis (OR=3.11; 95% CI: 1.95-4.96 for
highest quartile), however this relation was not statistically significant after

adjustment. (Table 5)

Finally, we also carried out additional analyses introducing fruits and
vegetables one by one as a confounding variable in to the final model
established earlier. Results, which are displayed in table 6, show that
consumption of B-carotene and fruit in general shows a strong effect on the
development of allergic rhinitis. The effect of selenium and zinc has not

changed substantially.
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Table 6. 0dds ratios of allergic rhinitis and antioxidants adjusting for
fruit and vegetable intake

Variable OR* 95% Cl OR* 95% Cl

B-carotene intake
(median pg/day)

1st quartile (1480.89) 1.00 Reference 1.00 Reference
2nd quartile (3178.22) 131 0.43-3.99 1.92 0.62-5.91
3rd quartile (5849.28) 1.87 0.56-6.25 3.04 0.81-11.36
4th quartile (9932.09) 3.83 1.06-13.80 451 0.84-24.25

Vitamin A intake
(median pg Eq/day)

1st quartile (695.83) 1.00 Reference 1.00 Reference
2nd quartile (1133.57) 1.05 0.38-2.91 0.94 0.34-2.65
3rd quartile (1534.79) 4.97 1.37-17.97 3.56 0.96-13.27
4th quartile (2261.91) 2.44 0.73-8.12 1.15 0.24-5.53

Vitamin E intake
(median mg/day)

1st quartile (8.44) 1.00 Reference 1.00 Reference
2nd quartile (11.51) 0.68 0.25-1.84 0.81 0.30-2.21
3rd quartile (14.83) 0.78 0.23-2.57 0.98 0.31-3.14
4th quartile (20.36) 1.23 0.28-5.40 1.29 0.27-6.19

Vitamin C intake
(median mg/day)

1st quartile (110.73) 1.00 Reference 1.00 Reference
2nd quartile (195.55) 0.43 0.14-1.36 0.80 0.28-2.29
3rd quartile (280.94) 0.36 0.10-1.31 0.63 0.19-2.11
4th quartile (425.12) 0.79 0.19-3.21 1.33 0.33-5.29

Selenium intake
(median pg/day)

1st quartile (77.78) 1.00 Reference 1.00 Reference
2nd quartile (103.18) 1.17 0.40-3.41 1.25 0.44-3.59
3rd quartile (130.66) 5.86 1.41-24.32 5.06 1.29-19.89
4th quartile (174.87) 3.27 0.67-15.89 3.09 0.64-14.94
Zinc intake
(median mg/day)
1st quartile (12.16) 1.00 Reference 1.00 Reference
2nd quartile (15.83) 2.14 0.66-6.95 2.27 0.69-7.46
3rd quartile (19.04) 4.69 1.03-21.39 4.66 1.08-20.08
4th quartile (24.08) 2.06 0.40-10.70 1.54 0.30-7.87
Fruit intake
(median g/day)
1st quartile (75.06) -—- - 1.00 Reference
2nd quartile (184.14) 1.47 0.52-4.15
3rd quartile (306.88) 2.59 0.81-8.26
4th quartile (519.93) 4.43 1.37-14.37

Vegetable intake
(median g/day)

1st quartile (173.52) 1.00 Reference --- ---
2nd quartile (312.23) 0.80 0.29-2.19
3rd quartile (445.24) 1.36 0.50-3.69
4th quartile (686.15) 2.50 0.79-7.96

* Adjusted for education, history of asthma, history of dermatitis, allergy history in family members, and
intake of Kcal/day and additionally for Fruit consumption in g/day.
T Adjusted for education, history of asthma, history of dermatitis, allergy history in family members, and

intake of Kcal/day and additionally for Vegetables consumption in g/day.
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Polyunsaturated fatty acids

Association of allergic rhinitis and consumption of omega-3 and omega-6
polyunsaturated fatty acids is displayed in table 7. Both types of
polyunsaturated fatty acids were related with a tendency to decrease the risk of
allergic rhinitis for the 4th quartile after adjustment, although this association
was not statistically significant (OR=0.42; 95% CI: 0.13-1.38 for omega-3 and
OR=0.55; 95% CI: 0.15-2.02 for omega-6). Forasmuch as main sources of omega-
3 fatty acids are fish and other sea products, and omega-6 mainly comes from
vegetable oils, we also took into account these food groups in this analysis.
Seafood as independent variable showed slight increment in risk after adjusting
for confounding variables although the relation was not statistically significant
(OR=2.24; 95% CI: 0.76-6.58 for the 4th quartile). (Table 7)

Table 7. Odds ratios of allergic rhinitis and polyunsaturated fatty acids and seafood
intake

Variable e Controls  op+  95% cI ORt  95%Cl

No. % No. %

Omega-3 intake
(median g/day)
1st quartile (2.28) 86 22.6 103 27.3 1.00 Reference 1.00 Reference

2nd quartile (3.65) 94 247 95 252 124 0.82-1.88 1.17 0.47-291
3rd quartile (4.78) 109 28.7 81 215 1.64 1.08-2.48 1.19 0.40-3.58
4th quartile (7.82) 91 239 98 26.0 1.16 0.76-1.77 0.42 0.13-1.38
Omega-6 intake
(median g/day)

Ist quartile (7.61) 79 20.8 110 29.2 1.00 Reference 1.00 Reference
2nd quartile (10.57) 97 25,5 92 244 152 1.00-2.29 0.99 0.37-2.65
3rd quartile (13.99) 106 279 84 223 169 1.12-2.54 0.49 0.18-1.39
4th quartile (18.84) 98 258 91 241 155 1.00-2.39 0.55 0.15-2.02

Seafood intake

(median g/day)

Ist quartile (51.51) 81 21.3 108 28.6 1.00 Reference 1.00 Reference

2nd quartile (82.41) 74 195 116 30.7 0.94 0.62-1.41 1.27 0.52-3.14
3rd quartile (121.90) 115 303 75 19.8 2.12 1.38-3.26 2.17 0.77-6.14
4th quartile (190.97) 110 289 79 209 180 1.19-2.72 2.24 0.76-6.58

QOil intake

(median g/day)

Ist quartile (0.50) 84 221 105 27.8 1.00 Reference 1.00 Reference
2nd quartile (0.86) 123 324 81 214 190 1.25-2.88 3.75 1.38-10.18
3rd quartile (1.22) 81 213 76 20.1 1.33 0.86-2.06 0.71 0.26-1.96
4th quartile (1.79) 92 242 116 30.7 1.01 0.67-1.52 0.90 0.34-2.43

* Crude OR

1 Adjusted for education, history of asthma, history of dermatitis, allerQy history in family members, and intake
of Kcal/day.
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Results

So as to ascertain that consumption of seafood and oil did not interact with the

effect of polyunsaturated fatty acids, they were introduced in the final adjusted

analysis. (Table 8) The results did not change substantially. One can observe,

however, a statistically non-significant effect of omega-6 that follows a dose-

response pattern. (Table 8)

Table 8. Odds ratios of allergic rhinitis and omega-3 and omega-6 polyunsaturated
fatty acids additionally adjusting for seafood and oil intake

Variable OR* 95% CI OR* 95% Ci
Omega-3 intake
(median g/day)
1st quartile (2.28) 1.00 Reference 1.00 Reference
2nd quartile (3.65) 1.10 0.43-2.78 1.42 0.54-3.78
3rd quartile (4.78) 1.03 0.33-3.21 1.26 0.38-4.20
4th quartile (7.82) 0.39 0.11-1.33 0.43 0.12-1.61
Omega-6 intake
(median g/day)
1st quartile (7.61) 1.00 Reference 1.00 Reference
2nd quartile (10.57) 0.80 0.28-2.27 0.70 0.24-2.02
3rd quartile (13.99) 0.39 0.13-1.18 0.47 0.15-1.46
4th quartile (18.84) 0.35 0.09-1.48 0.42 0.10-1.80

* Adjusted for education, history of asthma, history of dermatitis, allerqy history in family members, intake of

Kcal/day and additionally for seafood intake

T Adjusted for education, history of asthma, history of dermatitis, allergy history in family members, intake of
Kcal/day and additionally for oil intake
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Jurgita Saulyte Discussion

The findings from this study provide strong evidence that a high intake of

proteins is associated with increased risk of allergic rhinitis.

This association persisted after adjustment of lifestyle variables such as physical
activity, smoking habits or alcohol consumption, as well as after control of
education level, history of asthma, history of dermatitis and allergy history in
family members. Energy intake and total fat intake were clearly associated with
protein consumption. However, adjustment for these variables did not mitigate
the effect of protein consumption on the risk of allergic rhinitis, but, on the
contrary, increased it. Other variables that we did not measure in our study, or
for which results are not available yet, may play the role of effect modifiers or
confounders. These unmeasured variables include genetic factors, some of

which were recently implicated in the etiology of the disease.!

As in any case-control study, memory and recall bias is a concern in our study.
Differential recall between cases and controls would certainly introduce bias.
However, in the present study, differential reporting, which leads cases to
overestimate their protein, fruit, seafood or other nutrient intake, and controls
to underestimate it, is unlikely as the questionnaire does not state the research
question but only assesses food items and dishes. Measurement error in the
assessment of these nutrients and food groups is likely to occur, but it is
probably non differential with respect to disease status. If this bias exists, our
results would then be biased towards the null value and our results would the

underestimate the true effect.

Furthermore, despite the relatively high figures of sensitivity and specificity of
our diagnosis of allergic rhinitis, misclassification of the outcome cannot be
ruled out as symptoms of rhinitis are often mistaken with upper respiratory
tract infections such as common cold or sinusitis.>”>* However, this potential
misclassification is unlikely to be differential with respect to exposure, and,

again, our results would the underestimate the true effect.
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Few studies related protein intake with the risk of allergic rhinitis. An
ecological analysis of the International Study of Asthma and Allergies in
Childhood (ISAAC) revealed a protective effect of high intakes of protein from
cereal and nuts on allergic rhino-conjunctivitis. However, this study did not

suggest any explanatory model and the association observed may be spurious.?

Possible explanations for the harmful effect of high intakes of protein may be
advanced. Since the proportion of total energy, derived from protein, is
relatively constant, protein intake may be considered as an indicator of total
energy intake.2 The risk increase among subjects with high intake of protein
may then be mediated by the effect of energy intake. Our results show that a
high energy intake is a risk factor of allergic rhinitis. Previous studies showed
that caloric and protein restriction may boost cell-mediated immunity and
antioxidant defenses, which inhibits oxidative damage and inflammation.?”
Excessive intake of protein and/or energy may then produce the opposite

effect.

Other studies showed that low body mass, which could be conceptualized as a
proxy for low energy intake, was associated with lower prevalence of atopic
diseases such as asthma, while high energy intake was significantly associated
with asthma.3031 Furthermore, other studies showed that obesity and
overweight could be related to respiratory allergy through the inflammatory
pathway, essentially through the increase of immune activity caused by
adipokines, a specific type of cytokines secreted by adipose tissue.3233 Other
cytokines, such as interleukin 10 (IL-10) and interferon gamma (IFN-y) were
also associated with excessive body weight and excessive consumption of
nutrients.34 It is remarkable that malnutrition was found to decrease the ability

to produce cytokines.35:36

Other plausible explanations include the fact that a considerable proportion of

the protein intake is due to meat products, which were associated with
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increased inflammation status and increased risk of hay fever and asthma in

previous studies.3”38

Furthermore, high amounts of protein are often associated with high quantities
of sodium chloride, present in processed meat products. High levels of protein
and sodium chloride in the diet increase the acidity of the blood and tissues.3?40
Long-term metabolic acidosis consequences include systemic inflammation and

impairment of the immune response.40-42

Finally, high intakes of protein are frequently associated with meat cooked at
high temperatures. This kind of meat may contain high amounts of mutagens,
such as polycyclic aromatic hydrocarbons and heterocyclic amines, formed
during high-temperature cooking and grilling. Some of these mutagens were
linked to respiratory disorders such as asthma,®”43 as they interfere with
membrane-bound [3(2)-adrenergic receptors in the respiratory epithelium and
trigger asthma attacks in asthmatics.#®> Allergic rhinitis and asthma share a
common pathophysiology and similar risk factors and environmental triggers.
Some authors think that both conditions are likely to be manifestations of the
same systemic inflammatory disease as they often co-exist in the same patient

and can predict the appearance of each other.44-46

The risk of allergic rhinitis increased with higher intake of most dietary
antioxidants in our study population. Every antioxidant, including vitamin
antioxidants which are obtained from food, is a redox (reduction-oxidation)
agent, protecting against free radicals in some circumstances, but acting also as
prooxidant and promoter of free radical under other conditions.#” It was stated
that excessive antioxidant action can adversely affect key physiological
processes.*® For example, large doses of vitamin E increase immune activity and
may promote progression of immune and autoimmune diseases like asthma
and allergies.*® Furthermore, vitamin C is reported to have prooxidant

properties in the presence of high body iron stores.4”
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Fruits and vegetables are the main source of antioxidants. While several studies
found no effect of fruit on allergic rhinitis,3%50-52 one study confirmed our results
that show that a high or excessive intake of fruit could be a risk factor for
allergic rhinitis.3”? Many fruits and vegetables contain high amounts of
histamine and other biogenic amines that may produce symptoms such as
sneezing, congestion and rhinorrhea.3” These amines could then act as possible

confounders of the relation fruit intake-allergic rhinitis.

Several studies confirm our results showing that -carotene may be a risk
factor for allergic rhinitis.>52 Under specific circumstances, including presence
of other antioxidants, such as vitamins E and C and other carotenoids, (-

carotene may shift its antioxidant activity into prooxidant.4853

The mechanism of “anti-oxidative stress”” was also used recently to explain
possible adverse effects of antioxidants.>* This theory is based on the fact, that
the susceptibility for allergic diseases may not only increase when Th2-type
cytokines are over-produced but also when Thl-type cytokines, such as
Interferon-c, are suppressed. High intakes of food rich in antioxidants may
decrease Thl-type immunity and promote Th2-type immunity, which increases
the susceptibility to allergic diseases when an allergen is incorporated.>* The
activation of the Th2-type immunity increases the production of specific IgE
antibodies. These antibodies circulate in the peripheral blood and attach on the
surface of all mast cells and basophils, including those of the nasal mucosa, thus

producing acute nasal symptoms.55:56

In summary, an excessive intake of “healthy food” rich in antioxidants could
increase the susceptibility to allergy via the anti-oxidative stress pathway.
However, the most plausible explanation of our surprising result is reverse
causality. Subjects with allergic rhinitis may increase their intake of fruit in
order to promote general health and boost immunity. Theoretically, this should
not occur in a case-control study with incident cases as ours, since exposure

assessment precedes disease occurrence. However, we should bear in mind that
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our cases may have been suffering from allergic rhinitis for a long period
without being diagnosed and even without having sought medical advice. They
may then have changed their diet pattern after the onset of disturbing

symptoms.

In our study, high intakes of omega-3 and omega-6 polyunsaturated fatty acids
were related with a tendency to decrease the risk of allergic rhinitis, although
the association observed was not statistically significant. Polyunsaturated fatty
acids are essential in ensuring the correct environment for membrane protein
function, maintaining membrane fluidity and regulating cell signaling, gene
expression and cellular function. It was suggested that through these actions
polyunsaturated fatty acids can influence the functioning of immune cells and
so, could have an impact on the development and manifestations of atopic
diseases.”” However, the information available on the role of each of the

polyunsaturated fatty acids on the immune system is controversial.

While several studies have linked omega-6 polyunsaturated fatty acids with
increased risk of allergic rhinitis,?8-63 and other studies have failed to find any
relationship,3164¢7 two studies confirmed our results that higher intake of

omega-6 protects from allergic rhinitis.50.68

One the one hand, it is known that omega-6 polyunsaturated fatty acids
participate in the production of prostaglandin E2, which shifts the Th1l/Th2
balance in to the Th2 direction, a mechanism that favors, as we saw before, Th2-
determined diseases such as allergies.?? On the other hand, higher production of
prostaglandins E2 was shown to inhibit allergen-induced inflammatory
responses, which may then decrease the risk of allergic conditions such as
rhinitis.®® Biologically, both risk and prevention actions of omega-6

polyunsaturated fatty acids are then plausible.

The role of omega-3 polyunsaturated fatty acids is more straightforward. They
were reported to decrease the production of inflammatory mediators and

increase the level of anti-inflammatory mediators.®® Dietary omega-3
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polyunsaturated fatty acids decrease the level of arachidonic acid and increase
eicosapentaenoic acid, which suppresses eicosanoids such as prostaglandin E2,
a molecule associated with systemic inflammatory response as we saw before.
This suppression yields to production of less biologically active 3-series
prostaglandins (PG) and 5-series leukotrienes (LT), which decrease allergic
reaction.?%70 Also it was reported that omega-3 can alter gene expression,
decreasing transcription factor activity such as nuclear factor-kB (NF-kB), which

plays a role in activating inflammatory genes.”!

Furthermore, omega-3 polyunsaturated fatty acids are reported to inhibit T-cell
proliferation and production of IL-2 and IFNg, which are Thl-type cytokines.

As mentioned before, this increases the susceptibility to allergic diseases.”?
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1: autodiagnostico;  2: diagnosis médica sin HC;  3: diagnosis por especialista en HC
ilos |pmhlemas nasales no!  8lgy; hesianm cmichy 1t 2 3 1 2 3
0 0 0 ©
... le impldieron dormir con normalidad? . rintis 00O hipertension O O O
... Influyeron en su actividad diaria? o o S g . 00 0 VTR 00 O
¢suele tener costras en la nariz? [e] (e] dermatis © O O _| pirosis O 00
¢los sintomas mejoran por la noche? o 0 diabetes © © O EPOC O 00 \_l_l
¢los si se dan siempre en la misma 6n? o 0 o o1 2 32
padre madre tio/a hermano/a | ;transfusion sanguinea en los Gitimos 6 meses? (o] o O
¢tiene algun familiar con rinitis? o 0 o o W s e
¥ > 5
ytiene algin familiar con asma o alergiaenlapie? © O O O 0.1 2 ™ P i da ol e
! g cari%s 0000 cepilladodiaio O O O O
PORESPECIALISTA  positivo negalivo posiivo negativo | (actuales) no s no si
Ig E especifica 0.0 Testcuténeo O © g :
; x ; tiene proétesis dental? [o B o lavado diario de protesis (el o]
Diagnéstico
Annex I (side A). Data collection questionnaire.
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En el ditimo mes...
{cudntas horas acostumbra a dormir por la noche?

{Qué porcentaje de llempu durmi6 de todo el
que pasd en cama?

¢ cudntos minutos tardd en dormir cuando lo intentd?

¢ cuantas veces se despertd mientras dormia?

¢cudnto iempo se despertd antes de la hora habitual?

égr; qlé% g_rrsgo esta satisfecho con la calidad
u ;

{cuantos minutos suele dormir de siesta?
;cuantos dias a la semana tuvo alguno de los siguien

... tardé en quedarse dormido
.. N0 consiguié un suefio reparador

<=6 7 8 9 >9
0. 0E0. O ©
<60 6070 71-80 81-90 91-100
o O O o o©
<15 1630 3145 4660 >60
O O O O o©
0 1 2 3 3
0O O O O ©

<15m 30m 1h 2h >2h
O O O o O©°

nada poco regular bastante mucho
o :

o O o ©

115 16-30 3145 46-60
0 o o0 o ©

tes problemas?
0 12 3 45 &7
o O O 0O ©
o O O 0 o©o

¢ cuantos dias a la semana tuvo alguno de los siguientes problemas?

.. |e cuesta permanecer dormido

... N0 se despertd a la hora habitual

.. 56 preocupo o se notd cansado o con menos
rendimiento sociolaboral
bign durante fa noche anterior

... estuvo muy somnoliento

... estuvo tan somnoliento que se durmio
por el dia o durmid mas la noche siguiente

. i estuvo scmnoliento durante el dia ; cudntos
dias a a semana estuvo preocupado por ello o
noto disminucion en su rendimiento sociolaboral?

... necesitd utiiizar remedios o farmacos
(prescritos o no) para ayudarse a dormir

. ¢le dijeron que roncaba?

.. ¢le dijefon que parecia ahogarse?

.. ¢l dijeron que movia mucho las piemas?
. ¢le dijeron que tuvo pesadillas?

... 4que tuvo ctras situaciones anémalas?

ESTADOQ DE ANIMO

Desde el ultimo afio Vd. diria que se sintic...

nada algo bastante mucho

EVENTOS VIVIDOS

¢Durante el ditimo afio le ocurrié alguna de as sifuaciones siguientes?:

0 12 3
o 0 O
O O o
rnohaberdomido © O O
O 0 o
O R
O O o
(o] o o
o O O
o O O
O O ©
O O O
O O O

0O CcCO0OO0O0O0

rs
&

O O O O O 03§

L
5

o O O O o O

0O0O0O0OO0O0

alguien que le acepte totalmente, con sus m

contar realmente con alguien para distraerse cuando se siente agobiado
contar para ayudarle a sentirse mas relajado cuando esta bajo tension

ejores y peores cualidades

contar con alguien para cuidarle, a pesar de todo lo que suceda
alguien que le ayude a encontrarse mejor cuando se siente realmente deprimido
alguien que le consuele cuando esta muy disgustado

¢ Con cuéntas personas puede contar para en ayudarle en las sifuaciones siguientes?
Ademas, indique el grado de satisfaccion del apoyo recibido

n° de personas con las que puede contar

C:pocosaisieche  D: un poco insatisiecho
E: bastanle insatisfecho  F: muy insatisfecho

. friste ©c 0 O o ot madad e o
accidente o enfermedad propios
... desanimado ante €l futuro c O 0O ©° - : e
separacion de su pareja o]
... fracasado c O O O .
e divorcio o
... no disfrutd de las cosas c O O o -
) x matrimonio e}
.. con baja autoestima ©c O O o
N ) cambio en su estado financiero o
.. con autocritica negativa ©c O O O
i i cambio en su lugar de residencia (o)
... amenudo pensd en el suicidio o O o0 o g i :
cambio en n° de discusiones con su pareja (o]
CARACTER i s i mom su pa.reja comenzo (ln-iejo de tra.bapar (o]
¢En qué medida est de acuerdo L il scen AN dfa Lo cambio en sus condiciones de vida o
con las siguientes frases? R cambio en la salud de un familiar (o]
N0 S0y Una persona que se preocupe mucho 0O O0O0O0O0 muerte de su pareja (o]
con frecuencia me irrita la forma en que me trata la gente 0O O00O0O0 muerte de un familiar cercano [e]
rara vez me siento solo o triste 00000 muerte de un amigo cercano [e]
al tratar con los demés siempre temo hacer una patochada 00 00O
rara vez me excedo en algo 0O 00O0O0 ESTRES PERCIBIDO
suelo sentime indefenso y quiero que otro resuelva mis problemas O O O O © .
faciidad Puntuando de 0 (nada) a 4 (mucho), durante los (ltimos 3 meses
me asusto con facil ©oooo0 globalmente Vd. Diria que se ha sentido...
S0y Una persana apacible O 0O0OO0O0 nada algo regular bastante mucho
aveces me parece que no valgo absolutamente para nada O 0000 incapaz de controlar cosas importantesensuvida © © O © ©
rara vez me siento cohibido cuando estoy con gente O 0O0O0CO0 sin confianza para manejar sus problemas personales © O O O O
me cuesta resistirme a mis deseos ©00O0O0 que las cosas no le van bien o O O O O
creo que soy capaz de enfrentarme a mis problemas O 0O0O0O0 con fantos problemas que se sinfi sobrepasado ©C O O O o
APQOYO SOCIAL
A muy satisfecho  B: bastanie salisfecho

O 0 O0OO0O0 OO~
Oo0coOCOoOOo-

O 0O0OC0CO0Oo~
OO0 O0C0CO0 O«
O 0O0O0CO0O0*
O 00000
OO0 O0O0O0O0~
O O0O0O0O0OoO~
O 0O00O0O0=
O O0OCQ0CO0CO0 0y

O 0O0O0O0OoO>
O 0O0O0O0OQw
O 0O0O0OO0Oo
OO0 O0O0O0 0o
O00O0O0O0Om
O000O0O0O™
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CONSUNO MEDIO DE ALIMENTOS DURANTE EL ULTIMO ANO

Correcto: @ ®

Incorrecto:

2

Bebidas (unidag: vaso o botellin)

<80 1-3imes fisem. 24isem. 5-blsem. idia  2-3idia >dia

refrescos de cola con cafeina

Vegetales

TRa0 1-3imes tisem. 24isem. S-6/sem. 1l 2:3dia >¥dla

Part I1

Y aziicar (coca<ala, pepsi..) O 0O 0O 0 0O 0O 0 o©o zanahorias (1 unidad) 0O 0 0 0 0 0 O O
el
.idemsinazicareacsa) O O O O O O O o | rmoechas(tudd CJ2 B0 §OF 9 @
cebolla (media) 000 Oheelln B0 #0Q.1:0
refaes?f.“s m;imffaigamﬁgs ; O O 0O 0O O O O O berenjena (media) o 0 0 0 0 0 0 o
(r &f&?.ﬁdm@{' cafeinaniazicr 0 0 0 0 0 O ©O O calabacin/calabaza (racién) O 0O 0o 0O 0O 0O O O
€Sparragos (1 unidad) 0O 0O 0 0O 0o 0 0 O
pope ?'gggm’gﬂm___, O 0 0O OO O O O espinacas, acelgasaioy O O O O O O O O
i O 0O 0O 0 0 0 0 o©o
5c03 energéticos sin 6 0 O 0 0.6 © ‘o | MTmm
freina (aquarius, gatorade...) tomate uno)0 salsa idemaiey O O O O O O O O
expnmlggsnﬁe':;‘r].:sonc;mgns] 0O 0O 0O 0O O O O O lechuga, escarola (racion) 0O 0 0O O O O 0O O
imientos (racién) O 0 0 0O 0o 0O 0 O
zumos de naranja o citricos a 0O 0 0 0 0 0 O O pmen
partr de wnwnhdo (envasados) col, grelos, repollo (racién) 0O 0 0 0 0 0 0 ©
otros zumos recién hechos Q ..0.0.0: 0 9,0 0 judias,guisantes (racién) 0.0 0. 0.0:.,0 0. 0
. patatas (racién) Ol O Qi D B o000
pobldes o chocolaty © 0 00 0 0 0 O
Frutas (10 en zumo) uncad 1-3mes tsem.2-4isem. 5-5fsem. dia 2o >Yeia
té, bebidas de té (restea,lipon.) O O O ©O O O 0O O
39U3C3€e (1 porcian) O 0O 0 0o 0O 0O 0 O
café no descafeinal lubll 1
tera ml:rzls?no) jWhe 0 0000 o0 o0 o0 mandarinds (’gﬁri\?dg;d:g)ldm 0l @ 0 B 0.0 "0NO
e e manzana, pera (unidad) 0O 0 0 0O OO0 0 O
Bl o2 | s cerveza | | | BB.O o pl&tano (unidad) O 0 0O OO O O O
idia  [sem meloFotnn unidad), albari
vinotinto | | | %% o o vinoblancoL_| | 8% 0 o Cuelas 2 s, cerezzs g © O © O O O 0 O
fresas (taza) 0O 0 0 0 0 0 0 O
licores  (solos o inciuyendo les combinados con LL I8 0 o | kiwiuica 0O 0 0 0 00 0 ©
Abaline WICA5 13imes tisem. 24kem. S isem. Uda 23 >3iga | MelGN/sandia (racién) 0 0 00 0RONEDE 20
Vache dé 1mp de acolle 0o 6 0 0 00 0 o o] P © 000 00 O O
ollva para ahfiar aceitunas verdes (racion) 0O 0 00O 0O 0 0 O
veces de uso de otro acei
disinio 5148 olva paagifar © © O 0 0 0 0 © Coreales 06 1.3imes Ylem.24isem. 5Gkem. 1Hia 234 >¥dia
fdones dedimentosfils 5 6 0 0 O O O O | panblanco i) 0O 000 00 0 O
raciones de glimentosfritsen 6 6 o o0 0 o O O pan integral (racion) 0 0o 0 0o 0 0 0 o0
otra aceite distinto al de oliva cereales desayuno (racion) O 0 OO OO O O
Carnes y Pescados gqy&’ 1-3imes 1/sem. 24/sem. 5-8/sem. 1idia  2-¥dia >3dia pasta, MOz racien) O 0 0000 0 O
came de cerdo (racion) 0O 0 0 0o 0 0O 0 © lentejas, habas (racion) o 0 0 0 0 0 0 0
bacon/panceta (racién) 0 0 0 0o O 0O 0 ©° pizza (racién) 0O 0 0 0 0O 0 0 ©
carne de ternera (racién) 0O 0 0 0O 0O 0 0 O croissants, donuts (unidad) O 0 0 0O 0 0 0 ©
higado (temera o cerdo) (racitn) o 0O 0 0 0 0 0 © s0pa 0 CoNsomé (plato) O 0 0 0 0 0 0 ©
came de pollo racion) 6 60 0 0 0 0 0 O Licteos y Chocolates i 1-3mes thom.24sem. 58sem. ida_ 234 >Ydia
hamburguesa (unidad) ¢ 0 0 0 0 0 0 ©
ey leche (un vaso) 0 00 0 0O 0 O
SEnD gty 2 ot e 1 | e B B B B B B B 6
otros embutidos (racién) 0 0 0 0 0O 0 © ey e;;z:e? :!cun S & o BoaE s B
res solidos o liguidos (con o sinruas)
SRy [ g a8 :::ﬂequilla m: aﬁ::pmwn] 0O 00O0OOGO OO
bacalao (raciér) T e i eso azul i ) O 00000 0 O
= :
salimén s oooo0oo0o0o0o0]" o
3 queso blanco o frescopociony O O O O O O O O
sardinas, boquerones (26 3) o 0O 0O 0O 0O 0 0 ©
olros quesos (porcion) 0O 0 0 0 0O 0O 0 O
anchoas, arenques (263) 0 0O 0 0 0O 0O 0 ©O
5 chocolate 0 bombones 364612y © O © O O O O O
anguilasfangulas (racien) 0 0 0 0 0 0 0O 0CA 6 1.3imes tisem. 2-4lsom. 56fsem. Ydia 2348 >Vl
N . L ia >,
jurel acien © 0 0 0 0 0 0 o | Us il ez
caballa (racién) c 0 0 0 0 0 0 0 champifiones, setas (racién) ¢ 0 0o 0o 0O 0 0 O
otros pescados (racion) c 0 0 0 0 0O 0 o frutos secos (1 bolsa) o 0 0 0 0 0 0 o
mejillones, almejas (racisn) 0 0 0 0 0 0 0 © mayonesa industrial (racion) 0 0 0O 0O 0O 0 0O O
crustaceos (racion) ¢ 0 0 0 0 0 0 © huevos (2) (entoriiladepatatssy © © © © O O © ©
pulpo (racion) 0 0 0 0 0 O 0 0O tortilla de patatas (racion) 0 0 0 0 0O 0 0 O
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ACTIVIDAD DIARIA EJERCICIO FiSICO

Instrucciones:

1. Conteste a las siguientes preguntas de acuerdo con sus preferencias y no segin las
directrices que le pueda imponer su trabajo o su horario escolar.

2. Para cada pregunta piense en lo que hace la mayoria de las personas.

3. Piense en su suefio noctumo y no en sus posibles periodos de suefio durante el dfa.

¢ Suponiendo que fuese totalmente libre para elegir y comparando con fa mayoria
de la gente, cuando preferiria hacer las siguientes aclividades?

Por favor, indique el grade habitual de su actividad fisica:

mucho
mayor

0 0o 0 0 ©o

mgﬁ’“j" menor igual mayor
su actividad fisica comparando con
otras personas de su misma edad es...

<5 615 16-30 3145 45
o o O O o

(cudntos minutos dedica al dia a caminar
o ir en bicicleta al trabajo o de compras?

I

aras a a muya
1: mucho mds temprano que la mayoria de la gente nunca (SR vedes menudo menudo

en su tiempo libre...

cudndo preferiria... :
¢ v § iL':.gf.’f‘""M"’"‘“""' ... pasea en bicicleta O O O 0O ©o
4 is tarde... )
& ;l:mp:gum"i's iardn:usla mayoria de la gente ... practica un deporte o o O o (o]
... ve la television © O O ’ o O
e (‘) é é é é .. pasea caminando Q-0 0. 0.0
..levantarse
...suele haceralgoquelehagasudar © © O O O
..acostarse? O0O0O0O0
..hacer un examen importante de 3 horas? 00000
..levantarse si tuviera 8 horas de trabajoporhacer? O O O O O si suele practicar algunos deportes o ir al gimnasio, indique la inten-
% T 4 R sidad que requieren y el tiempo que les dedica:
..levantarse si tuviera un dia libre y nadaquehacer? O O O O O paqueria e grande
..hacer un trabajo mental que requiere gran concentracion? © O © O O intensidad (1" deporte) [e] (o] o
...hacer all ctividad social en un dia libre? O00O0O0
gl ittty intensidad (2° deporte) o o )
..desayunar? OO0 00O0 pequefia: andar; media: ciclismo, gimnasia,
? 00000 natacion; grande: fitbol
comer
...empezar a trabajar cada dia? 0O000O0O0 n® horas semanales quededicaa1’depor1e|_|_| .2 2°depurle|_|_|
..hacer ejercicio o deporte fuerte? O O0O0O0O0
...hacer una entrevista importante 0O0O0O0O0

..a 2° deporte
n® meses al afio que dedica a 1" deporte L1 o L]

EVOLUCION DE SINTOMAS (desde hace 5 dias)

en la que necesitara estar en su mejor momento?

MEDICAMENTOS

¢ durante los Gltimos 6 meses Vd. ha tomado al menos 3 veces por semana no sl
algun medicamento?  (incluidos complejos vitaminicos) fieore O O eusnta? LJ——“——, °c
dosis dia sam. mes nemeses ooy mener guel meyor FLLe?
[ 000 | taponamiento de la nariz 0 Q000
frecuencia y severidad de los estornudos O 00 00
000 i ] secrecion por la nariz o 0O 0O 0 O
picazén de los ojos u ojos llorosos O O O 0O ©
§ 000 | tos O 0O 0 0 ©
secrecion postnasal que traga O 0 0 0 ©O
lLllooo LLIJ i i
la secrecién por la nariz se ha vuelto mas mucosa o 0
00O | la secrecion por la nariz se ha vuelto més verdosa [o B o]
se produce expectoracién al toser o 0
| o0o0o0 l i la secrecién bronquial (flemas) es més verdosa o O
oo mondy menor igual major [P
i i - u——J malestar general o] 0O 0 0O 0 O
dolor de garganta o c 0o 0 0o o
l—L—J 600 I—l—[ dolor de cabeza o] 0 0O 0 0o o
lllooo LI | oros 0 0 0 0 0 O
L) ewe:o | ]| o 0 00 0O
L1¥lro oMguefyl | ) o S, B - S
Ll I'ee o L1 ) o @ EgY
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s . . . AR &
Antihistamines Corticosteroids AR Asthma noAR
Asthma
Aerius Tavegil Acetato de Aerius Cetirizina Alvesco Atrovent
Afluén Telfast cortisona Afluon Dezacor Anasma nasal
Alastina Variargil Beclometasona Colyrio Flixonase = Atrovent Avamys
Alercina Velodan Betametasona Alergoliber Idasal Budesonida Budesonida
Alergoflat Viternum Budesonida Atroventnasal  Respibien = Dacortin
Alergoliber Xazal Clobetasol Avamys Rinobactil ~ Foradil na.sal
Alerlisin Zaditen Clobetasona Azomyr Telfast Formodual Flixonase
Alerrid Zasten Desoximetasona Bilina Vispring Formoterol Idasal
Alersol Zolistan Dexametasona Budesonida colirio Foster Rino-
Atarax Zyrtec Diclorisona nasal Zasten Inaladuo Ebastel
Azaron Diflorasona Clarityne Pectox Lisina
Azomyr Diflucortolona Ebastina Plusvent
Bactil Fluclorolona Evastel Pulmicort
Benadryl Flumetasona Flixonase Ribujet
Bilaxten Fluocinolona Grazax Rilast
Bilina Fluocinénido (vacuna) Salbutamol
Biodramina Fluocortina Levocetirizina Seretide
Cetimerck Flupamesona Loratadina Symbicort
Cetineu Fluticasona Mizolen forte
Cetirizina EFG Halcinénido Mometasona Terbasmin
Chiclida Halometasona Muntel Terbutalina
Cinfamar Hidrocortisona Nasacort Urbason
Clarytine Metilprednisolona ~ Nasonex Ventolin
Cliveran Metilprednisona Rhinocort
Cobiona Mometasona Rhinomer
Corifina Prednicarbato Rhinomer
Coulergin Prednisolona Rhinospray
Dormidina Prednisona Rinelon
Dramine Triamcinolona Rinocorin
Ebastel Rino-Ebastel
Ebastina EFG Rupafin
Fenergan Singulair
Fenistil Talforte
Fexofenadina (vacuna)
EFG Xazal
Fluidasal Dimetane
Frinova Chlor-
Ibis Trimeton
Ketasma Tavist
Klarvitina Benadryl
Livocab Claritin
Loratidina EFG Zyrtec
Mircol Optimine
Mizolen Allegra
Muntel Atarax
Navicalm Vistaril
Obalix
Olopatanol
(colirio)
Oxatokey
Periactin
Polaramine
Ratioalerg
Reactine
Relestat (colirio)
Rinialer
Rupafin
Sofodor
Stopcold Virtlix

AR - allergic rhinitis
noAR - non-allergic rhinitis

Annex II. List of medicines commonly used for treating symptoms of allergic

rhinitis, non-allergic rhinitis and asthma.
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AREA DE MEDICINA PREVENTIVA
Facultad de Medicina

ESTUDIO DE FACTORES DE RINITIS

La rinitis es una enfermedad muy frecuente en el mundo entero. Poco se sabe sobre factores de exposicion que aumenten o prevengan
esta enfermedad. Por ello, desde la Facultad de Medicina de la Universidad de Santiago y el Complejo Hospitalario de Pontevedra
queremos proceder al estudio de dichos factores por medio de un cuestionario sencillo dirigido a usuarios de farmacias. Nuestro objetivo es
que se conozca mejor esta enfermedad y que se sepa prevenir.

EN QUE CONSISTE SU COLABORACION EN EL ESTUDIO

Pedimos su participacion a fin de que Vd. sea incluido en el grupo de personas que padecen la enfermedad o en el de las personas sanas
que van a ser comparadas com aquéllas. Ud. debera contestar a las preguntas contenidas en un cuestionario estandar, algo que lleva
unos 20 minutos. Estas preguntas informan sobre su alimentacion, su pauta de suefio, y el nivel de estrés al que esta sometido. Le
llamaremos por teléfono una semana después de esta entrevista para hacerle algunas preguntas durante 2 minutos sobre sintomas de
alergia. A mayores, le pediremos tambien que moje en saliva un trozo de papel filtro estéril que servira para conocer si las caracteristicas
genéticas del individuo pueden influir en desarrollar la enfermedad.

Confidencialidad: Garantizamos que los cuestionarios seran exclusivamente utilizados para los objetivos mencionados y que el equipo de
investigacion mantendra confidencialidad absoluta. El estudio ES TOTALMENTE ANONIMO. Sélo conoceremos su teléfono.

Para cualquier duda puede Ud. comunicarse con los responsables del estudio, Dr. Carlos Regueira en el teléfono 981-951194, del CIBER
de Epidemiologia (Hospital Clinico Universitario. Primer piso) o con el Dr Bahi Takkouche en el teléfono 981-581237 del Area de Medicina
Preventiva de la Facultad de Medicina.

Participacion voluntaria: Su participacién en el estudio es totalmente voluntaria, por lo que puede rechazar tomar parte en el estudio y
podra abandonarlo en cualquier momento.

FORMULARIO DE ACEPTACION DEL ESTUDIO DE FACTORES DE LAS RINITIS

Yo, D(a). declaro bajo mi responsabilidad que,

- recibi suficiente informacién sobre el estudio.
- pude hacer preguntas sobre €l mismo.
- fui informado por Jurgita Saulyte

- entiendo que mi participacién es voluntaria.
- entiendo que puedo retirarme del estudio: 1. cuando quiera.
2. sin tener que dar explicaciones.

Pontevedra, a .......... s [ R T e,

Firma del participante: Firma del investigador:

Annex III. Informed consent model used
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4. GENERAL CONCLUSIONS






Jurgita Saulyte General conclusions

1. In our meta-analysis, there is evidence of a weak association between

exposure to tobacco smoke and allergic rhinitis among adults.

2. Among children and adolescents, both active and passive exposure to
tobacco smoking are associated with a moderate increase of the risk of

allergic rhinitis.

3. The findings of the prospective case control study provide strong
evidence that a high intake of proteins is associated with increased risk

of allergic rhinitis.

4. Proteins of animal origin exert a stronger effect on allergic rhinitis than

proteins of vegetable origin.

5. High intakes of the amino acids leucine, tyrosine, valine and serine are
associated with an increase in the risk of allergic rhinitis in a dose-

response fashion.

6. High intakes of [B-carotene increase the risk of developing allergic

rhinitis.

7. High consumption of fruits shows strong positive association with
allergic rhinitis, while that of vegetables is weakly associated with this

disease. However, these associations may be due to reverse causality.

8. High intakes of omega-3 and omega-6 polyunsaturated fatty acids showe

a tendency to decrease the risk of allergic rhinitis.
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5. RESUMEN DE LA TESIS
DOCTORAL






Jurgita Saulyte Resumen

La rinitis alérgica se describe como la inflamacién de la membrana de la mucosa
nasal, mediada por la produccién de inmunoglobulina-E (IgE). Normalmente se
presenta con secrecion nasal, obstrucciéon y picor nasal y estornudos. Los
sintomas son reversibles y estdn provocados por la exposicién a alérgenos u
otros factores ambientales de presencia continua o estacional, por lo que la
rinitis alérgica se clasifica en estacional o perenne. Ultimamente también se ha
propuesto una clasificacion nueva seguin la gravedad y duracion de los

sintomas: rinitis alérgica intermitente o persistente.

La rinitis alérgica es una de las enfermedades alérgicas con mayor prevalencia
que, por su elevada incidencia, impacto sustancial en la calidad de vida y alto
coste econdmico, tiene una importancia que se ha infravalorado hasta ahora en
la investigacion epidemioldgica. Se ha estimado que la rinitis alérgica afecta a
mas de 600 millones de personas en todo el mundo y esta cifra sigue
incrementandose, especialmente en los paises mas desarrollados. Dado que esta
enfermedad a menudo puede ser trivializada por el paciente o no reconocida
por el médico, produciéndose, asi, un control inadecuado de los sintomas, esta
cifra, probablemente, subestima la verdadera magnitud de la enfermedad lo

que la convierte en un problema de Salud Publica importante en este siglo.

Segun la literatura més reciente, las interacciones genético-ambientales son los
factores de riesgo mas importantes de las enfermedades atépicas tales como la
rinitis alérgica. Asi mismo, la causa mas plausible del aumento de la
prevalencia en las tltimas décadas puede estar relacionada con los cambios en
los factores de riesgo asociados con el medio ambiente y el estilo de vida: la
dieta, el estrés, la contaminacion, las vacunas y los patrones de infeccién en la
infancia. La “hipotesis de la higiene”, asociada con la considerable mejoria del
saneamiento, estd ganando credibilidad. Esta teoria afirma que la exposicién
temprana a los agentes infecciosos influye en el desarrollo del sistema
inmunolégico reduciendo la probabilidad de desarrollar enfermedades

atopicas, mientras un exceso de higiene aumenta la probabilidad de desarrollar
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las enfermedades tales como la rinitis alérgica y el asma mas adelante en la vida

del nifio.

Los hébitos de estilo de vida son unos de los pocos factores que se pueden
manipular con el fin de prevenir una enfermedad. La nutricion es uno de los
componentes més importantes entre los que tienen una influencia considerable

en la salud de los seres humanos.

La identificacion de los factores modificables de la rinitis alérgica tiene
implicaciones importantes en la calidad de vida de los pacientes, asi como en la
reduccién de los gastos directos e indirectos de esta enfermedad. Los cambios
de estilo de vida, tales como el habito dietético y el habito de fumar, pueden ser
unos de los factores esenciales y por ello hemos decidido llevar a cabo un

metaanalisis y un estudio de casos y controles con los siguientes objetivos:

1. Determinar el efecto de consumo de tabaco sobre el desarrollo de rinitis
alérgica segun los estudios realizados: realizar una revision sistematica y un
metaanalisis de los articulos publicados hasta el momento acerca de los hébitos

de fumar y riesgo de rinitis alérgica.

2. Determinar el efecto del consumo alto de la proteina en la dieta diaria sobre

el desarrollo de la rinitis alérgica.

3. Determinar el efecto del consumo alto de los antioxidantes: {3-caroteno,
vitamina A, vitamina E, vitamina C, selenio y zinc en la dieta diaria sobre el

desarrollo de la rinitis alérgica.

4. Determinar el efecto del consumo alto de los acidos grasos poliinsaturados

omega-3 y omega-6 en la dieta diaria sobre el desarrollo de la rinitis alérgica.
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El tabaquismo es uno de los factores potenciales para las enfermedades atopicas
como la rinitis alérgica, pero hasta ahora los resultados de los estudios
individuales han sido contradictorios. El objetivo del metaanélisis que hemos
realizado fue examinar las evidencias de las asociaciones entre el habito de

fumar activo o la exposicién pasiva al humo de tabaco y la rinitis alérgica.

Para ello, hemos recuperado los estudios publicados en cualquier idioma hasta
el 30 de junio de 2013 mediante la bisqueda sistematica en Medline, Embase,
las cinco bases de datos bibliograficas regionales de la Organizacion Mundial de
la Salud y las bases de datos ISI-Proceedings; examinando manualmente las
referencias de los articulos originales y de las revisiones recuperadas, y
mediante el establecimiento de contacto personal con investigadores clinicos.
Hemos incluido estudios de cohortes, de casos y controles, y transversales que
presentaban estimaciones de odds ratio (OR) o riesgos relativos (RR) asi como
intervalos de confianza para los hédbitos de fumar y rinitis alérgica, primero

entre la poblacién general y luego entre los nifios.

Para calcular los riesgos relativos agrupados, con sus intervalos de confianza de
95%, hemos ponderado los odds ratios de los estudios transversales y de casos
y controles, y los riesgos relativos de los estudios de cohortes, ponderandolos
por el inverso de su varianza. Para cada estudio, se utiliz6 la estimacion de la
medida de efecto que se ajusté por el mayor nimero de factores de confusion.
Cuando habia heterogeneidad se utiliz6 el modelo de efectos aleatorios, y

cuando esta estaba ausente, el modelo de efectos fijos.

Para comprobar la heterogeneidad, hemos utilizado una versioén de la prueba
de DerSimonian y Laird Q, adaptada a muestras pequenas. La hipétesis nula
de esta prueba es la ausencia de la heterogeneidad. Para cuantificar esta
heterogeneidad se calcul6 la proporcion de la varianza total debida a variacion
entre estudios (estadistico Ri). Ademds, hemos explorado el origen de la

heterogeneidad estratificando nuestro andlisis segin varias variables tales
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como disefio, tipo de exposicion (tabaquismo activo o pasivo) y edad de los

participantes (nifios/adolescentes o adultos).

Se evalué el sesgo de la publicacién visualmente, utilizando los gréficos en
embudo, y después, mas formalmente, mediante el test de Egger. Todos los
analisis se realizaron con el software HEpiMA® version 2.1.3 Y STATA version

12.

Hemos conseguido 97 estudios de rinitis alérgica y habitos de fumar que
sirvieron para ser incluidos en nuestro metaandlisis. Al analizar todos los
estudios juntos la rinitis alérgica no se asocié con el tabaquismo activo (RR
agrupado, 1.02; 95% CI: 0.92-1.15), pero se asocié con el tabaquismo pasivo (RR
agrupado 1.10; 95% CI: 1.06-1.15). Entre los nifios y adolescentes, tanto el
tabaquismo activo como pasivo se asociaron con un aumento moderado del
riesgo de la rinitis alérgica: para los fumadores activos el RR agrupado fue 1.40;
95% CI: 1.24-1.59 y para los fumadores pasivos el RR agrupado fue 1.09; 95%
CI: 1.04-1.14. Las asociaciones del tabaquismo y la rinitis alérgica en los adultos

fueron muy moderadas.

Se han observado asociaciones modestas entre el tabaquismo y la rinitis alérgica
en los adultos. Los resultados estdn limitados por el potencial de la confusién y
el sesgo dado que la mayoria de los estudios utilizé6 un disefio transversal.
Ademas, los estudios mostraron un alto grado de heterogeneidad y las medidas
de la exposicion y la enfermedad se evaluaron bajo auto-informe, lo que puede

incrementar la posibilidad de errores de clasificacion.

Los presentes hallazgos sugieren que, en los paises donde fuman muchas
personas, el 14% de la rinitis alérgica en los nifios puede ser atribuible al
tabaquismo activo. Por lo tanto, la eliminacién del tabaquismo activo entre los

nifios y adolescentes podria prevenir uno de cada siete casos de rinitis alérgica.

La segunda parte de nuestro trabajo consistia en realizar un estudio de casos y

controles para determinar el efecto del consumo alto de proteina, antioxidantes
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y &cidos grasos poliinsaturados en la dieta sobre el desarrollo de la rinitis

alérgica.

Con el propésito de encontrar los factores de riesgo dietéticos de la rinitis
alérgica, hemos llevado a cabo un estudio de casos y controles entre enero de
2011 y octubre 2013. Se incorporaron 387 casos y 387 controles de 6 farmacias en
2 ciudades del noroeste de Espafia y de las unidades de neumologia,
alergologia y de urgencias de 2 hospitales principales de las mismas ciudades:
Santiago de Compostela y Pontevedra. En cada ubicacién (farmacia o unidad

hospitalaria), los controles fueron emparejados por edad y sexo.

La participacion en el estudio fue voluntaria y anénima, informando del estudio
que se estaba llevando a cabo y ofreciendo la participaciéon en él. Dicha
participacion consistié en la cumplimentacién de un cuestionario de 4 paginas,
a partir de cuyas preguntas se conformaron las variables de exposiciéon y de
enfermedad, referentes al afio anterior a la fecha de la encuesta. El cuestionario
consistié en una serie de preguntas sobre sintomas de rinitis, antecedentes
médicos, frecuencia de consumo de alimentos (Food Frequency Questionnaire
(FFQ)) y preguntas sobre otras variables de estilo de vida que podrian ser
posibles factores de confusion de la relacion entre la dieta y la rinitis alérgica.
Previamente, los participantes firmaban un documento mediante el cual
otorgaban su consentimiento a participar en el estudio admitiendo que habian

sido informados de sus caracteristicas.

Para determinar los casos de rinitis alérgica, hemos utilizado el cuestionario
elaborado por “The Allergic Rhinitis and its Impact on Asthma” (ARIA), junto
con los criterios propuestos por “The Joint Task Force on Practice Parameters”.
Se pidi6é a los participantes que registrasen la presencia habitual de seis
sintomas principales de la rinitis en los dias mds severos, evaluando su
frecuencia de 0 (ningtn ataque en el dia) a 4 (méas de 20 ataques en el dia). Estos
sintomas fueron: nariz taponada, estornudos, secrecién nasal, secrecion

postnasal, picazén de la nariz y picazén de los ojos u ojos llorosos. También se
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les pedia evaluar la consistencia de la secreciéon nasal, de 0 (muy acuosa) a 4

(muy espesa), y el color, de 0 (incolora) a 4 (verde).

El desafio principal de nuestro diagndstico era separar los casos de rinitis
alérgica de los casos de rinitis no alérgica, ya que los sintomas tipicos suelen ser
similares en ambas enfermedades. Ademaés, otras enfermedades tales como el
catarro comun o la sinusitis también pueden llevar a un diagnéstico erréneo de
rinitis alérgica ya que provocan obstruccién nasal y bloquean los senos
paranasales. Por lo tanto, al mismo tiempo que el estudio principal, se realiz6
un estudio de validaciéon destinado a documentar la validez de nuestro
diagnostico de la rinitis alérgica. Para ello, se utiliz6 como estindar de oro una
muestra de 255 personas seleccionadas al azar entre nuestros sujetos
hospitalarios que previamente habian sido diagnosticados de rinitis alérgica, de
rinitis no alérgica y de los en que se confirmé la ausencia de rinitis. Mas
precisamente, hemos seleccionado 70 pacientes con el diagnodstico de rinitis
alérgica confirmado por a) examen clinico, b) pruebas cutaneas positivas a los
alérgenos inhalados comunes y/o presencia de IgE especificas en el suero c)
ausencia de medicacién previa de rinitis. También, hemos seleccionado 25
sujetos con diagnostico confirmado de la rinitis no alérgica, que fue establecido
por examen clinico y confirmado por pruebas cutdneas negativas y niveles de
IgE en suero normales. Los sujetos con rinitis no alérgica también tenian que
confirmar que no habian tomado ningtn tipo de medicaciéon para los sintomas
de rinitis durante el dltimo afio. Por dltimo, se incluyeron 160 sujetos que
fueron confirmados como libres de rinitis alérgica y no alérgica, asi como de
cataro comun y sinusitis. Estos sujetos tenian que cumplir los siguientes
criterios: 1) puntuaciéon de sintomas de rinitis < 3 sobre 12, (2) ausencia de
cualquier sospecha subjetiva y de diagnéstico confirmado previamente de
rinitis, (3) no estar tomando ningtin medicamento que podria ocultar posibles
sintomas de rinitis. Se les pidi6 a estos sujetos completar nuestro cuestionario
de enfermedad y se calcul6 la sensibilidad y especificidad de nuestro
diagnéstico, utilizando diferentes puntos de corte para las puntuaciones de los

sintomas. Las cifras finales para el diagnéstico de rinitis alérgica fueron las
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siguientes: sensibilidad 0.74 y especificidad 0.92. Estas cifras se alcanzaron
utilizando el corte de 4 puntos o mas sobre 12 en la puntuacién total de

sintomas.

Después de la validaciéon de caso, hemos establecido cuatro criterios que fueron
necesarios para el diagnéstico de la rinitis alérgica mediante nuestro
cuestionario: (1) puntuacién minima de 4 sobre 12 puntos en la puntuacion total
de los tres sintomas principales de rinitis (nariz taponada, estornudos y
secrecion por la nariz), (2) consistencia de la secreciéon nasal muy acuosa, acuosa
o media, (3) color de la secrecion nasal incolora o blanca, y (4) por lo menos uno
de los alérgenos que provocan las sintomas de la rinitis tenia que ser polen,

polvo doméstico o pelo de animales.

Para evaluar el consumo diario de los macro y micronutrientes, junto con el
consumo diario de energia de la dieta regular y obtener la ingesta diaria de
macro y micronutrientes, se utilizé un cuestionario de frecuencia alimentaria de
86 items elaborado a partir de un cuestionario de frecuencia alimentaria (FFQ)
validado en Espafa. A los participantes se les pidi6 que indicasen la frecuencia
media de consumo de cada uno de los alimentos en porciones o unidades al dia
o a la semana durante el dltimo afo. El consumo de cada alimento fue
recodificado en una escala con un rango de 8 categorias: de "nunca" a "mas de

tres veces al dia."

Para calcular el contenido de macro y micronutrientes para cada alimento se
utiliz6 la Base de Datos de Composicion de Alimentos Espafiola, ampliada con
fuentes europeas y estadounidenses cuando algunos datos no estaban

disponibles en las fuentes espafiolas.

La variable de ingesta diaria de proteinas fue creada calculando el contenido
real de la proteina en cada uno de los alimentos del cuestionario. La misma
metodologia se aplic6 para el cdlculo de la ingesta diaria de otros macro y

micronutrientes.
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La ingesta diaria de los antioxidantes de cada participante se calcul6 a partir de
todos los productos alimenticios, calculando su contenido de [-caroteno,
vitamina A, vitamina E, vitamina C, selenio y zinc. Lo mismo se repiti6¢ para el
célculo de la ingesta de los acidos grasos poliinsaturados omega-3 y omega-6.
La variable del consumo diario de pescado y marisco se calculé sumando
cualquier tipo de pescado y otros mariscos tales como mejillones, crustaceos y
pulpo. La ingesta de aceite se calcul6 a partir del consumo promedio de aceite
de oliva o cualquier otro tipo de aceite vegetal, que se utilizaba para cocinar o

para alifiar.

El consumo de tabaco fue determinado segtin las normas de un cuestionario

estandar elaborado por la Organizacién Mundial de Salud.

Para el analisis de datos se utilizaron los paquetes estadisticos SPSS (Statistical
Packagefor Social Sciences) version 18.0 y STATA version 12.0 (StataCorp LP,
College Station, Texas). Se examinaron las distribuciones de las variables y en
aquellas que no seguian una distribucién normal se procedié a realizar una
conversion logaritmica para aproximarse a la normalidad. El disefio del estudio
nos permitié calcular los odds ratio (OR) y sus intervalos de confianza del 95%
para cada factor de riesgo. El andlisis consisti6 en un modelo multivariado de
regresion logistica condicional sobre los factores edad y sexo, ajustado por
variables potencialmente confusoras. Se consideraron como variables de
confusiéon o modificadoras de efecto todas aquellas que ejercieron efecto en el
andlisis univariante, modificando el efecto de la variable principal en mas de un
10%. Al final 5 variables de confusién principales fueron seleccionada para su
inclusiéon en el modelo final: nivel de estudios, antecedentes personales de
asma, antecedentes personales de dermatitis alérgica, antecedentes familiares
de alergias e ingesta total de grasas. La ingesta total de kilocalorias también fue

considerada en algunos modelos finales como variable potencial de confusién.

La muestra definitiva de este estudio consisti6 de 774 sujetos, de los cuales 387

eran casos de rinitis alérgica y 387 eran controles, pareados por edad y sexo. La
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tasa de la respuesta global fue 72.5%. La edad media de los participantes fue
34.5 afios, con un rango de 18 a 77. La muestra consistié en 129 hombres (33%) y

258 (67%) mujeres en en cada grupo.

El dato maés relevante de este trabajo es el hallazgo de que un alto consumo de
proteinas aumenta el riesgo de la rinitis alérgica (OR = 3.79; IC del 95%: 2.40 a
5.97 para el dltimo cuartil de la ingesta). La asociaciéon fue mayor después de
ajustar por los factores de confusién (OR = 9.07; IC del 95%: 1.92 a 42.83 para el
4o cuartil). La ingesta total de energia y la ingesta total de grasa también se
asociaron con el consumo de proteinas. Sin embargo, al ajustar por estas
variables el efecto del consumo de proteinas sobre el riesgo de la rinitis alérgica
no se redujo, sino que se observo un incremento. Las proteinas de origen animal
parecen ejercer mayor efecto que las proteinas de origen vegetal, aunque ambas
mostraron un incremento en el efecto para el cuartil mas alto después del ajuste
por las variables confusoras. En el andlisis de los aminodacidos por separado, el
consumo elevado de leucina, tirosina, valina y serina se asocia con un aumento

del riesgo y un efecto dosis-respuesta.

Los resultados obtenidos para la mayoria de los aminoécidos analizados (fs-
caroteno, vitamina A, vitamina E, vitamina C, selenio y zinc) indican la
existencia de una importante asociacion entre estas variables y el desarrollo de
la rinitis alérgica. La asociacién positiva mas fuerte se observé entre la ingesta
alta de p-caroteno y rinitis alérgica, que aumento atin mas después de ajustar
por las variables de confusién (OR = 5.12; IC del 95%: 1.54-17.04 para 4° cuartil).
El consumo alto de la vitamina A fue relacionado con un aumento en el riesgo
s6lo antes de ajustar por otras variables (OR= 2.87; 95% CI: 1.82-4.52 para 4°
cuartil). Las vitaminas E y C no han tenido efecto apreciable en el modelo
ajustado, mientras que los minerales selenio y zinc mostraron efecto, limitado,
sin embargo, para el 3¢ cuartil. El mayor consumo de frutas fue
significativamente relacionado con el riesgo de la rinitis alérgica antes y
después de ajustar por las variables de confusiéon (OR=3.12; 95% CI: 2.00-4.87 y
OR=5.11; 95% CI: 1.67-15.63 para los ultimos cuartiles, respectivamente). El
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consumo de verduras se relacioné con la enfermedad sélo en el analisis crudo
(OR=3.11; 95% CI: 1.95-4.96 para 4° cuartil), sin embargo, esta relaciéon pierde

significacién después de ajuste.

Los valores altos de los acidos grasos poliinsaturados en la dieta diaria
mostraron tendencia a disminuir el riesgo de la rinitis alérgica para el altimo
cuartil del consumo después de ajustar por otras variables de confusion,
aunque la asociacion no fue estadisticamente significativa (OR=0.42; 95% CI:
0.13-1.38 para omega-3 y OR=0.55; 95% CI: 0.15-2.02 para omega-6). Puesto que
las fuentes principales de los 4cidos grasos omega-3 son pescado y marisco, y
de los acidos grasos omega-6 aceites vegetales, estas variables también fueron
consideradas en el andlisis. Sin embargo, Los resultados no cambiaron
sustancialmente después de incluir el consumo de estos grupos de alimentos en

el modelo.

Como en cualquier estudio de casos y controles, el sesgo de la memoria es una
de las debilidades de este estudio. También existe la posibilidad de medicion
errénea de los valores de macro y micronutrientes, pero es mas probable que
eso no sea diferencial respecto al estado de la enfermedad. Por otra parte, a
pesar de las cifras relativamente altas de sensibilidad y especificidad de nuestro
diagnostico de la rinitis alérgica, la clasificacion errénea de caso no se puede
descartar, puesto que los sintomas de la rinitis se confunden a menudo con
infecciones de las vias respiratorias superiores, como el catarro comun o la

sinusitis.

Los resultados de ambas partes de este trabajo confirman que los factores
ambientales modificables, tales como tabaquismo y alimentacién, influyen en la
aparicion de rinitis alérgica. Se ha demostrado que habia una asociacién entre la

exposicion al humo del tabaco y la rinitis alérgica, esencialmente en nifios.

Por otra parte, la alimentacion también parece sobre la apariciéon de rinitis. Los
resultados de este estudio confirman que un consumo excesivo de proteinas y

de algunos antioxidantes, tales como f3-caroteno, puede aumentar el riesgo de
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rinitis alérgica. Al contrario, el consumo alto de acidos grasos poliinsaturados

omega-6 y omega-3 ejerce un efecto protector sobre la enfermedad.
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