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2. ABSTRACT

Background: The Global Asthma Network conducted a parent study that gathered data at the population level on children
in two specific age groups, as well as on the adult caregivers of those children. The scope of this dissertation will be
specifically narrowed down to examining the prevalence of asthma and related risk factors among adult caregivers. The
analysis will primarily focus on determining the strength of association between known risk factors that can cause or trigger
asthma symptoms in adults. Additionally, the study aims to explore how these identified risk factors may vary across

different WHO regions and individual countries.

Methods: Part A of this mini thesis presents the study protocol which outlines the literature review, rationale, aim and
objectives of the study; the research methodology, analysis plan and ethical considerations. Part B is the journal-formatted
manuscript which presents the results and discussion of the study findings in relation to other authors. Vancouver
referencing style was used for this mini dissertation as required by the European Respiratory Journal (ERJ). Part C is the

appendix section which presents some figures not included in the main paper, ethical approval, and instruction for authors.

This study utilizes individual-level data collected from the Global Asthma Network (GAN). The parent study was a large
observational cross-sectional, multi-country and multi-center epidemiological study. This study was conducted in several
countries around the world. Countries ranging from low, middle, and high income were included in the study with the
intention being to obtain data on different risk factors associated with asthma. The study surveyed two age groups of children
(13/14 and 6/7) years and adult caregivers of both age groups. Data were obtained from centers located in the different
geographical areas within each country, centers participating in the study were recommended to follow a protocol prescribed
by the Global Asthma Network Steering Group (GANSG).

Results: Among nineteen countries that took part in this study, 194,571 adults responded to the questionnaire related to
asthma, eczema, and hay fever related symptoms. Out of 194,571 individuals, 89,315 (45.9%) were male and 105,256
(54.1%) were female. Countries which had highest participation rate was India and Mexico. Among adults that ever-had
asthma, the highest proportion was from the Western Pacific region (8.8%), followed by Eastern Mediterranean region
(8.5%), America (6.0%) and Europe (5.1%), while the lowest proportion was from South East Asia with (2.2%) and Africa
(3.0%). From 12940 adults who reported to have current asthma symptoms (experienced wheezing in the last 12 months),
the region with highest prevalence was Eastern Mediterranean (10.7%), followed by America (9.7%), Europe (8.3%) and
Western Pacific (8.2%) region whereas lowest prevalence of current asthma symptoms was in South East Asia (3.6%)
region. The analysis showed odds ratio for adult caregivers reported to reside in damp household was [1.64 (95% CI: 1.55
- 1.73)] for current wheeze, and [1.74 (95% CI: 1.61 - 1.89)] for severe asthma symptoms while exposure to moulds the OR
was [1.35 (95% ClI: 1.27 - 1.43)] for current wheeze, and [1.49 (95% CI: 1.37 - 1.63)] for severe asthma symptoms. The OR
for biomass and solids as cooking fuel was 1.64 (95% CI: 1.43 — 1.88) and 1.19 (95% CI: 0.97 — 1.46) for severe asthma
symptoms. Smoking OR for adult caregivers who self-reported as active adult smokers was 1.16 times as likely to report

asthma symptoms.



Conclusion: The study observes high prevalence in the estimates and symptoms of asthma between the six WHO regions
and nineteen countries that were part of the study sample. Associated risk factors for asthma varied across the WHO regions

and significant relationship with high risk of reporting current and severe asthma symptoms were observed.
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1. Protocol Synopsis
11 Background

Asthma is a multifactorial non-communicable chronic respiratory disease that commonly starts in childhood and often
progresses to adulthood driven by the interaction of both environmental factors and genetics [4]. Most of these risk factors
act as allergens that contribute to the onset of asthma. These risk factors can be classified into three different categories
namely: (a) environmental factors such as air pollution, pollens, mold/fungi, weather, (b) host factors including obesity,
nutritional factors, infections, allergic sensitization, and (c) genetic factors like asthma susceptibility loci on genes [5].
Dharmage (2019) highlights that asthma usually starts in childhood but can manifest at any given age throughout one’s life,
with some individuals developing asthma for the first time as adults [5].

According to a WHO report of 2006, the annual mortality attributed to asthma alone ranged from 180,000 to 250,000 deaths
[1, 3].In 2018, Rahavi et al., carried out a study in Iran (Yazd Province) and the data obtained in 10 years reflected that
nearly 10371 years of life lost (YLL) were consequences of asthma [4]. Between 2002 and 2011, YLL due to asthma was
found to be high in females compared to males [4]. YLL is a component of the burden of disease that takes into consideration
the mortality rate and age at death [4]. Another study by Dharmage (2019) reports that on a global scale, asthma was ranked
16" among the leading causes of YLD and number 28 among the leading cause that contributes to the burden of disease as
measured by disability adjusted life years (DALY) [5].

Looking at the prevalence trends, it is becoming increasingly difficult to ignore the public health burden of asthma globally
as the frequency of asthma seems to be on the rise across different regions of the globe. The prevalence of asthma has been
on the rise for the past two to three decades in low- and middle-income countries, as well as in high-income countries. This
rise has been attributed to rapid urbanization and industrialization in different parts of the world. As such, asthma has
introduced more serious public health challenges and socio-economic affairs faced by the world, affecting more than 300
million individuals globally, while in Africa alone asthma prevalence is estimated to be affecting around 50 million people

[1, 3]. Although there are still huge gaps in reporting asthma cases in Africa, the prevalence might be underestimated [1].

Several epidemiological studies and the World Health Organisation have projected from existing data that by 2025, the
prevalence of asthma is more likely to increase by 100 million more cases, with a more notable increase in the industrialized
countries [2]. For instance, in the USA, the number of persons with self-reported asthma was more than double between
1980 and 1996 as cases increased from 6.5 million to 14.5 million [2]. The research article published by Obel et al. 2017,
highlighted that in the USA, the prevalence of asthma increased from 7.3% to 8.4% between the years 2001 to 2010 amongst
the general population [1].

The Global Asthma Network (GAN) study is a multi-country epidemiological study of asthma, eczema and hay fever in
children and adult caregivers. The adult questionnaire in the parent study focused on two exposures of interest namely the

home environment and tobacco smoking. One interesting category under home environment extensively questioned was

1



cooking fuels. Based on the current knowledge, approximately 37% (roughly 2.6 billion) of the world population still relies
on cooking stoves fueled by kerosene, biomass, and coal [8]. The majority of these people are in poor low- and middle-
income countries [8]. These cooking and heating methods have been proven to be inefficient as they use fuels that produce
high levels beyond acceptable limits of household indoor air pollution, mostly in poorly ventilated houses [8, 9]. Indoor air
pollution contains health-damaging pollutants, such as minute soot particles (10 microns in size) that penetrate deep into
the lungs [8, 9]. According to Landrigan (2017), in 2015 alone, 6.4 million worldwide deaths were caused by air pollution,

and 2.8 out of 6.4 million deaths were attributed to household air pollution.

1.2 Rationale

Current evidence suggests that the prevalence of asthma varies significantly across different regions of the globe [6].
According to the Global Asthma Report (2018), this variation in prevalence could be attributed to how asthma is defined
and identified with certainty among different countries, as a result, making it difficult to compare asthma prevalence across
countries [6].

To date, there is scant worldwide data on the prevalence of asthma in adults. The last report on symptoms in adults to be
published by the World Health Organization (WHQO) was in 2003, when a World Health Survey was conducted [7].
According to Kuruvilla (2019) few studies conducted by the European Community Respiratory Health Survey (ECRHS)
and the International Study of Asthma and Allergy in Childhood (ISAAC) were carried out to determine asthma prevalence
trends among children and adults [6]. The main limitation of the ECRHS was that it narrowed its focus on mostly European
centres and ISAAC was mostly concerned with adolescents and children. However, both studies reported similar findings,
that is, the highest asthma rates in Westernized English-speaking countries, with the lowest rates reported in countries such
as Italy and Greece as well as some Latin American countries [6]. Since asthma affects all age groups evidence also suggests
higher prevalence and incidence of asthma are more noticeable in children whereas higher morbidity and mortality are more

common in adults [5].

Global Asthma Network collected population level data on children in two age groups and on adult caregivers of those
children. This dissertation limits its focus to adult caregivers in determining the prevalence of asthma and related risk factors.
This analysis will also focus on estimating the strength of association of risk factors that are known to cause or induce

asthma symptoms in adults and how these risk factors vary by WHO region and country.

2. AIMS AND OBJECTIVES
2.1 Aims

This study aims to determine the prevalence of asthma symptoms in adults and the prevalence of associated risk factors.
The study will also determine the strength of the relationship between associated risk factors and asthma symptoms in adults.

The study will also examine how these risk factors vary by WHO region.

2.2 Objectives
e To determine the prevalence of asthma symptoms by country and WHO region.

2



e To analyse the strength of association between measured risk factors for asthma symptoms in adults across WHO
different regions and countries.

e To describe the variation in patterns of distribution of associated risk factors by country and WHO region.

3. Background
e The aim of this literature review is to explore, appraise and synthesise literature on the association between several

risk factors associated with the development of asthma symptoms.
e The study also reviews existing literature on asthma symptoms in adults and this review will focus on selected

studies to identify gaps in the literature that the proposal seeks to address.

3.1 Search method

This study searched relevant articles on several online search engines platforms such as PubMed, Biomed, Google Scholar,
general internet search used to identify more literature and reports from World Health Organisation. The search key words

were used to generate searches.

" LRI TY

The search keywords used were “asthma or asthma prevalence or asthma symptoms”, “adults or older people”, “cross-

LR INT3

sectional or survey or observational study”, “global or worldwide or international or global asthma network”, “phase 17,

“cooking or heating fuels”, “moulds”, “damps”, “tobacco or smoking”. Search was only limited to articles published in

English language with no limit on time the articles were published.

3.2 Introduction
Asthma is a chronic condition that affects both children and adults, in other words it appears in all age groups [2]. In an

article “The public health implication of asthma” in 2005, the worldwide burden of disease for asthma in DALY's were
reported to be similar to that for diabetes, liver cirrhosis and schizophrenia [2]. According to Asher et al., (2021) in 2017
the disability adjusted life years for asthma was reported to be 22.8 million [4, 5]. According to Dharmage et al., (2019)
asthma was ranked 16" globally among the leading causes of years lived with disability (YLD) and 28th among the leading
causes of burden of disease (BOD), as measured by DALYs [9, 10]. Approximately 300 million people have asthma
worldwide, and it is predicted that a further 100 million people will be affected by the year 2025 [9].

Since asthma is a major global health problem, any meaningful public health intervention needs to be evidence based and
backed up by up-to-date statistics of the underlying health issue [14]. The global epidemic of asthma around 1960s had been
noted to be on the rise [19]. As a result of this observation, in the 1990s, it prompted several epidemiological studies to be
carried out in some parts of the world to estimate global asthma prevalence, incidence, and identify determinants associated
with asthma [19]. Among these epidemiological studies included three large multinational studies one in children
International Study of Asthma and Allergies in Children (ISAAC) and the other two in adults, European Community
Respiratory Health Survey (ECRHS) and World Health Survey (WHS) [17, 19].



The best general estimate for adult asthma at the time was published by Global Initiative for Asthma (GINA) report in 2004
[17]. The data used was combination of two surveys one from ISAAC study between year 1992 — 1996 and ECRHS study
between 1988 — 1994 [17]. The studies used different methods and asthma definitions and participants age groups [17]. As
such, around 2002 — 2003 World Health Organization designed and launched the World Health Survey (WHS) [17]. WHS
was a multi-country cross-sectional survey that employed standardized methods to collect data intended to provide a global
prevalence estimate of asthma in adults within and between countries [17]. Seventy (70) out of 192 (36%) WHO member
countries participated in the cross-sectional survey [17]. Individuals aged between 18 - 45 years were given questionnaires
related to asthma and related symptoms. The survey used three asthma definitions to estimate the prevalence of asthma,
self-reported doctor diagnosed asthma, clinical/treated asthma, and wheezing in the last 12 months [17]. The study results
showed the global prevalence of clinical asthma in adults, including self- reported or physician diagnosed asthma and / or
treatment for asthma, was 4.5%, varying by as much as 21-fold among 70 involved countries [17, 18]. The authors concluded
because of the observed differences between countries a need for additional studies based on more sound methods to be

done allowing comparisons and tailored interventions targeting specific changeable risk factors [17, 18].

An organisation named Global asthma network (GAN) was then formed in 2012. GAN conducted a multi-country survey
using the International Study of Asthma and Allergies in Childhood (ISAAC) methods to find out the current prevalence
and severity of asthma, rhinitis, and eczema to improve the management of asthma, particularly in low- and middle-income
countries [11]. The survey collected data of associated factors for asthma, rhinitis and eczema in adolescents and their

respective parents or caregivers [11].

Since its formation in 2012 a series of epidemiological studies have been conducted to address different research questions
and add knowledge into the body of public health on asthma. For example, Urrutia-Pereira et al., (2021) study narrowed
their focus on the prevalence of asthma symptoms and associated risk factors in adolescents and their parents but only in
southern Brazil, looking at risk factors such as smoking, paracetamol, diet, and moulds [11]. Ellwood et al., (2020) on GAN
phase | surveillance focused on geographical coverage and response rates [13]. In 2021, Asher et al., (2021) published a
cross-sectional study focusing on worldwide trends in the burden of asthma in school-aged children, that is children aged 6
— 7 years and adolescents aged 13 — 14 years [14]. Another study in 2022 conducted by Mortimer et al., (2022), used GAN
phase | study data to determine the burden of asthma, hay fever and eczema in adults, however this study did not include

the risk factors associated with the three non-communicable diseases [16].

In another article by Alomary et al., (2022) the authors investigated on the prevalence of asthma symptoms and their
associated risk factors among adults in Saudi Arabia [18]. The outcomes of interest were asthma- ever, current wheeze and
severe asthma symptoms, while the associated risk factors of interest were current exposure to moulds and damps, heating
house when cold, diet and tobacco use [18]. Although the article did report on various risk factors, however for heating it

did not specify the type of heating fuel used for heating when cold [18].

Based on this review, little to no research exists that has been able to analyse the association by WHO region and country

between multiple risk factors such as different cooking and heating fuels, moulds, damps and tobacco on asthma and asthma
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symptoms development. This mini thesis seeks to bridge that gap and shed light on how these risk factors are associated

with asthma and asthma symptoms.

4, Methodology
4.1 Study Design

This study will employ a secondary data analysis method utilizing data collected from the Global Asthma Network (GAN).

The parent study was a large observational cross-sectional, multi-country and multi-centre epidemiological study.

4.2 Study Settings

The parent study was conducted in several countries around the world. Countries from the low, middle, and high income
contributed data following a standard protocol described in the Global Asthma Network Phase | manual. The study surveyed
two age groups of children, that is, (13/14 and 6/7) years of age as well as adults’ caretakers or parents of both age groups.
This analysis will use the data collected from adults’ caretakers or parents. Data were obtained from centres located in the
different geographical areas within each country, centres participating in the study were recommended to follow a protocol
prescribed by the Global Asthma Network Steering Group (GANSG).

4.3 Study population and sampling

The population of interest in this study included parent(s)/guardians (s) of school children at contributing sites within a
given geographical area. The sampling unit was a school for each age group and all parents/caretakers of the selected
schools.

4.4 Data Collection methods and research procedures

Data was collected using a written international questionnaire. The written questionnaire’s general outline included
participants’ names, age, date of birth, gender, the date of completing the questionnaire, optional questions on ethnicity,
asthma management and environmental factors. These measures were then used to assess the prevalence and severity of
asthma, rhinitis, and eczema in defined populations. For adults, only a written questionnaire (strongly recommended) was
administered. The questionnaire developed for the parents/guardians of both the adolescents and children were based on
asthma, rhinitis and eczema symptoms, management of asthma and environmental factors. The aim was to collect
information on parent/guardian health. Both age groups 13/14-year-old and the 6/7-year-old group were asked to take home
the adult questionnaires for their parent/s/guardian/s to complete about their health, lifestyle, and environment and return
them to school. If the children were living with two parents, both parents if possible were recommended to complete the

adult questionnaire.

45 Exposures of interest

In this study there were several adult exposures of interest namely, home environment that is, moisture or damp spots inside

the house, range of cooking and heating fuels such as (electricity, liquified petroleum gas, natural gas, kerosene, biogas,



wood, charcoal, straw/grass, animal dung and agricultural crop residue) as well as cigarette smoking (frequency of smoking

and quantity of cigarettes smoked per day).

4.6 Outcomes of interest

The primary outcome of interest is asthma and asthma symptoms, but the study will also include eczema and hay fever as

they are related to non-communicable diseases.

4.7 Data management and analysis plan
Table 1: Outcome variables to be included in the analysis.

Variable name Scale Categories

Asthma Numerical - count Percentage/proportion
Eczema Numerical - count Percentage/proportion
Hay fever Numerical - count Percentage/proportion

Table 2: Individual-level data included in the analysis.

Variable name Scale Categories
Age (years) Numerical — continuous Mean (SD)/ Median (IQR)
Date of Birth Continuous - interval
Sex Categorical — Binary Male or Female
Smoking Categorical — Binary Yes or No
Educational level Categorical Primary school
Secondary school
College or higher
Current wheeze Categorical Yes or No
Symptoms of severe asthma Categorical Yes or No
Asthma confirmed by a doctor Categorical Yes or No
Asthma attack in the past 12 months | Categorical Yes or No

4.7.1 Data Safety

Data obtained from questionnaires was entered into the computer with necessary statistical analysis capabilities and a copy

of the data will be kept off-site in a protected environment.

4.7.2 Data Analysis
Data will be analysed using R-statistical software (R 4.2.0). Descriptive data analysis will be used to summarize the

prevalence of the key asthma risk factors for each WHO region and countries belonging to the WHO regions. Six regions
will be included namely, Africa included (2) countries, America (6), Eastern Mediterranean (2), Europe (5), South East Asia
(2), and Western Pacific (2). Current wheeze defined as “Have you ever had wheezing or whistling in the chest in the past
12 months?”, will be used to estimate the prevalence of current asthma symptoms. Asthma ever defined as “Have you ever
had asthma?”, will be used to estimate the prevalence of asthma. The prevalence data will be summarized as count and
percentage of positive responses. For the association between asthma and related risk factors data will be assessed using the

multi-level logistic mixed effects model.



5. Ethical Considerations

The parent study’s ethical consideration was dependent on different research centres. Each research centre was responsible
for obtaining its local ethical approval. However, this study will seek ethical approval from the University of Cape Town,

Faculty of Health Sciences’ research ethics committee. In particular, the following research ethics will be upheld.

5.1 Informed Consent

For the parent study ethical approval process, participants’ consent was obtained by use of passive consent to ensure a high

response rate. Therefore, this study will not require Informed Consent as it was obtained during the parent study.

5.2 Privacy and Confidentiality

For this study, the data is appropriately coded and anonymous. The data will be kept safe from unauthorized access,

accidental loss, or destruction by encrypting the files in computers.

5.3 Risks and Benefits

There are no risks or direct benefits associated with this study. But given the proposed hypothesis is true, this will show the
burden of disease, how risk factors vary by country, and the dangers associated with solid fuel usage indoors.

This mini thesis does not require collection of blood or biological sample and does not involve any invasive procedures,
thus no physiological or psychological impact.

6. Logistics
This analysis might take over 6 months, as it includes data management, data analysis and the final write-up.

The table below shows the schedule of work activities for this proposed study.

Timeline — 2022
Jan—Mar | Mar - Apr Apr - May May - Jul Jul - Nov
Protocol submission to N
ethics
Data cleaning v v
Data analysis \ \
Thesis write-up \
Final write and submission N
7. Budget

There are no direct or indirect additional costs required to carry out the proposed study.
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1. ABSTRACT
Objectives: To determine the prevalence of asthma symptoms in adults analyse and the prevalence of associated risk factors.

The study will also determine strength of the relationship between associated risk and asthma symptoms in adults. The study
will also examine how these risk factors vary by WHO region.

Design: Multi-country cross-sectional study. Setting: The parent study was conducted in several countries around the world.
Countries from the low, middle, and high income contributed data following a standard protocol described in the Global
Asthma Network Phase | manual.

Participants: The population of interest in this study included parent(s)/guardians of school children at contributing sites

within the selected geographical areas constituting the study sample.

Primary and secondary outcome measures: The primary outcome of interest was asthma, but the study also included

eczema and hay fever as they are related to non-communicable diseases.

Results: Among 19 countries that took part in this, 194,571 adults responded to the questionnaire related to asthma, eczema,
and hay fever related symptoms. Out of 194,571 individuals, 89,315 (45.9%) were males and 105,256 (54.1%) were females
The analysis showed odds ratio for adult caregivers reported to reside in damp household was [1.64 (95% CI: 1.55 - 1.73)]
for current wheeze, and [1.74 (95% CI: 1.61 - 1.89)] for severe asthma symptoms while exposure to moulds the OR was
[1.35 (95% CI: 1.27 - 1.43)] for current wheeze, and [1.49 (95% CI: 1.37 - 1.63)] for severe asthma symptoms. The OR for
biomass and solids as cooking fuel was 1.64 (95% CI: 1.43 — 1.88) and 1.19 (95% CI: 0.97 — 1.46) for severe asthma
symptoms. Smoking OR for adult caregivers who self-reported as active adult smokers was 1.16 times as likely to report

asthma symptoms.

Conclusion: The study observes high prevalence in the estimates and symptoms of asthma between the six WHO regions
and nineteen countries that were part of the study sample. Associated risk factors for asthma varied across the WHO regions

and significant relationship with elevated risk of reporting current and severe asthma symptoms were observed.
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2. INTRODUCTION
The word “asthma” originated from the Greek meaning “short of breath” [19]. According to Bergmann, (2014) this term

initially did not define a disease but was used to describe respiratory symptoms for several lung conditions [20]. In 1959
asthma was defined as a disease characterized by obstruction of airflow in the airways of the lungs and in 1992, that was
the year asthma was defined as a chronic inflammatory disorder [22]. Asthma is widely known as a chronic respiratory non-
communicable disease that affects both children and adults of all age groups [3, 20].

In a study conducted in 2016 by Loftus et al., 8.4% of people living in United States of America had asthma, with a yearly
increase in asthma prevalence of 9.5% in children and 7.7% in adults [21]. Around 1960s a series of cross-sectional
epidemiological studies were conducted, and the survey results showed a significant rise in asthma prevalence in some
developed countries [2]. Since asthma is a condition that appears in all age groups, the study results in 1960s reported an
increase in asthma prevalence in both children and adults [2, 3]. By 1990s further multi-country cross sectional surveys
were conducted by International Study of Asthma and Allergies in Childhood (ISAAC) and International Union Against
Tuberculosis and Lung Disease (ECRHS) (focused on adults in Europe) to determine worldwide asthma prevalence and
identify risk factors associated with asthma [2]. ISAAC study consisted of 1.96 million children of two age groups 13-14
and 6-7 years, 306 research centres, 53 languages and 105 countries from all regions of the world, representing 86.9% of

the world’s population [22].

The first Global Asthma Report (GAR) publish ed in 2011 by the International Union for Tuberculosis and Lung Disease
following a United Nations (UN) meeting on non-communicable diseases (NCD) focused on the prevalence data for asthma
based on the largest epidemiological multi-country, multi-centre cross-sectional survey conducted by ISAAC [22, 26]. In
this 2011 report the findings highlighted the rise in asthma prevalence globally especially in low-and middle-income
countries affecting around 235 million individuals [22, 26]. In 2014, a second GAR was published by Global Asthma
Network Steering Group (GANSG) giving an update on the global burden of asthma [23]. The report showed asthma
prevalence was continually rising affecting approximately 334 million people globally of all age groups [23]. According to
UN 2030 sustainable development goals (SDG) aimed at improving healthy lives and promote well-being for all ages,
another GAR was published in 2018 by GANSG [24]. In this report, chronic respiratory diseases (CRD) were estimated to
have affected one billion people with asthma as the largest contributor affecting 339 million people with 1000 people

estimated of dying daily [24].

At the time the 2018 Global Asthma Report was published, asthma was one of the leading top 20 causes of years lived with
disability (YLD) and according to Dharmage et al., (2019) asthma was ranked 16" globally among the leading causes YLD
[2, 24]. In an article “The public health implication of asthma” in 2005, the worldwide burden of disease for asthma in
DALY were reported to be similar to that for diabetes, liver cirrhosis and schizophrenia [3]. According to Asher et al.,
(2021) in 2017 the disability adjusted life years for asthma was reported to be 22.8 million and 28th among the leading
causes of burden of disease (BOD), as measured by DALYSs [2, 4-6].
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Looking at the prevalence trends, it is becoming increasingly difficult to ignore the public health burden of asthma globally
as the frequency of asthma seems to be on the rise across different regions of the globe. Asthma has introduced more serious
public health challenges and socio-economic affairs faced by the world, estimated to affect more than 300 million
individuals globally [2, 7]. The World Health Organization (WHO) report has projected from existing data that by 2025,
the prevalence of asthma is more likely to increase by 100 million more cases, with a more notable increase in the
industrialized countries [7, 8]. The fourth Global Asthma Report published in 2022 summarized the prevalence and severity
of non-communicable diseases [25]. In this report, 70% of global deaths were due to NCDs with approximately 4 million
deaths attributed to chronic respiratory diseases, 1 in 10 children having asthma symptoms, half having inadequately

controlled symptoms with many not having access to essential asthma medication [25].

The Global Asthma report published in 2022 suggests that the prevalence of asthma is still on the rise and varies significantly
across different regions of the globe [9, 25]. This variation in prevalence could be attributed to how asthma is defined and
identified with certainty among different countries, as a result, making it difficult to compare asthma prevalence across

countries [9].

The Global Asthma Network collected population level data on children in two age groups and on adult caregivers of those
children as the adult group. This article narrows its focus on adult caregivers in determining the prevalence of asthma
symptoms and risk factors. The analysis also focus on determining the strength of association of risk factors that are known
to cause or induce asthma symptoms in adults and how these risk factors vary by WHO region.

3. METHODS
3.1 Study Design

This study employed a secondary data analysis method utilizing data collected from the Global Asthma Network (GAN).

The parent study was a large observational cross-sectional, multi-country and multi-centre epidemiological study.

3.2 Study Settings

The parent study was conducted in several countries around the world. Countries from the low, middle and high income
contributed to the overall study data following a standard protocol described in the Global Asthma Network Phase | manual.
The study surveyed two age groups of children (13/14 and 6/7) years of age and adults’ caretakers or parents of both age
groups. This analysis will use the data collected from adults’ caretakers or parents. Data were obtained from centres located
in the different geographical areas within each country, centers participating in the study were recommended to follow a
protocol prescribed by the Global Asthma Network Steering Group (GANSG).

3.3 Study population and sampling
The population of interest in this study included parent(s)/guardian(s) of school children at contributing sites within a given

geographical area. The sampling unit for the parent study was a school for each age group and all parents/caretakers at the

selected schools.
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34 Data Collection methods and research procedures
Data were collected using a written international questionnaire. The written questionnaire’s general outline included

participants’ names, age, date of birth, gender of the participant, the date of completing the questionnaire, optional questions
on ethnicity, asthma management and environmental factors. These measures were then used to assess the prevalence and

severity of asthma, rhinitis, and eczema in defined populations.

For adults, only a written questionnaire was administered. The questionnaire developed for the parents/guardians of both
the adolescents and children were based on asthma, rhinitis and eczema symptoms, management of asthma and
environmental factors. The aim was to collect information on parent/guardian health. Both age groups 13/14-year-old and
the 6/7-year-old group were asked to take home the adult questionnaires for their parent/s/guardian/s to complete about their
health, lifestyle and environment and return them to school. If the children were living with two parents, both parents if

possible were recommended to complete the adult questionnaire.

35 Data analysis

Data were analysed for statistical analysis using R-statistical software (R4.2.0). Descriptive data analysis was used to
summarize the prevalence of the key asthma risk factors for each WHO region and countries belonging to those regions.
Six regions were included: Africa included (2) countries, America (6), Eastern Mediterranean (2), Europe (5), South East
Asia (2), and Western Pacific (2). Current wheeze defined as “Have you ever had wheezing or whistling in the chest in the
past 12 months?”, was used to estimate the prevalence of current asthma symptoms. Asthma ever defined as “Have you
ever had asthma?”, was used to estimate the prevalence of asthma. The prevalence data was summarized in tables only
including the count and percentage of positive responses.

For inferential data analysis the outcome variables were analysed as binary categorical variables. Different ranges of cooking
and heating fuels were placed into 3 different categories namely, Gases (Liquified petroleum gas + Natural gas + Biogas +
Kerosene), Solids (Coal/Lignite + Charcoal) and Biomass (Wood + Straw/Shrubs/Grass + animal dung + agricultural crop
residue). The association between asthma and related risk factors was assessed using the logistic mixed effects model. The
multi-level logistic regression model fitted centre as the random intercept to estimate the effects of the different risk factors
on asthma. The estimated odds ratios were calculated from the model. These odds ratio was then graphically represented in
forest plots refer to appendix A. For statistical significance a p-value of 0.05 and 95% confidence interval was used in this

analysis.

3 RESULTS
A total of 194,571 individuals from 19 countries responded to the questions related to asthma, eczema, and hay fever related

symptoms. Out of 194,571 individuals, 89,315 (45.9%) were males and 105,256 (54.1%) were females. Among the 19
countries that had the highest number of participation was India (44%), Mexico (24%), Kosovo (5.7%), Taiwan (4.9%), and
Spain (3.6%). Among the 19 countries with lowest participation was Guatemala (0.6%), Brazil (0.5%), Cameroon (0.4%),
Honduras (0.1%) and Argentina (< 0.1%).
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In this study risk factors of interest were cooking and heating fuel, damps and moulds and tobacco. Table 2 and 3 summarises
the proportions of cooking and heating fuel usage by WHO region and country. For the 6 regions that were included in the
study cooking fuels that were reported to be mostly used in all the 6 regions were electricity, liquified petroleum gas and
natural gas whereas for heating fuels electricity, natural gas and wood had highest usage proportion compared to other forms
of fuels.

This research shows that 67% of the study participants in the European region reported usage of electricity as a source of
cooking fuel with 97%, 81%, 69% and 64% from Greece, Russia, Spain, and Kosovo respectively. 87% of the participants
from South East Asia region reported usage of LPG and 82% from the Eastern Mediterranean region reported usage of
natural gas as a source of cooking fuel. Other forms of cooking fuels were not commonly reported as cooking fuel making
up less than 1%, except for kerosene and wood. The study established that 16% and 34% in African region used wood and
kerosene as cooking fuels respectively. Europe region reported 17.4% usage of wood, with Kosovo having the highest
reported usage (38%) of wood as source of cooking fuel. Two regions had the highest usage of electricity as heating fuel,
that is, Western pacific (59%) and Europe (43%), 39% reported usage of natural gas in Eastern Mediterranean region with
Iran being the highest (80%), while 26.7% used wood in Europe region with Kosovo having highest proportion (54%) of

wood usage for heating purposes.

At the time when the study was conducted 32% of the study participants in Western Pacific region reported they were living
in a damp and mould household environment. The study revealed that 21% in Americas region reported were living in a
damp environment and 11% were staying in a house with moulds. Africa region had 11% of participants reported were
currently living in household with damps and Europe region had the least proportion (0.1%) of participants who reported
exposure to a house with damps and moulds as shown in Table 4. This analysis has shown that 5979/24531 (24%) from
Europe region reported to be active tobacco smokers at the time the study was conducted, making Europe region the highest

region with active smokers compared to other WHO regions as illustrated in Table 5.

Regional prevalence for asthma related risk factors were calculated for each participating country as well as for each WHO
region. Among participants that ever-had asthma, the highest proportion reported was from the Western Pacific region
(8.8%), followed by Eastern Mediterranean region (8.5%), America (6.0%) and Europe (5.1%), while the lowest response
was from South East Asia with (2.2%) and Africa (3.0%) as shown in Table 1. The study indicated that 12940 individuals
who reported to have experienced wheezing in the last 12 months, the highest prevalence being reported from the Eastern
Mediterranean (10.7%), America (9.7%), Europe (8.3%) and Western Pacific (8.2%) region whereas lowest prevalence of
current asthma symptoms was reported in South East Asia (3.6%) region as illustrated in Table 1. Country estimates, as
shown in table 1, top five countries with the highest prevalence for current asthma symptoms were Honduras (33%),
Argentina (27%), Costa Rica (23%), Brazil (18%) and New Zealand (17%). For those that ever-had eczema, the countries
with highest prevalence were Thailand (30%), Spain (23%), Greece (20%), New Zealand (19%) and Argentina (16%).
While for countries with the highest hay fever included Thailand (46%), Taiwan (44%), New Zealand (43%), Costa Rica
(43%) and Guatemala (42%) as captured in Table 1.
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The association of asthma and risk factors was examined using multilevel logistic mixed effects model with centre as the
fitted random intercept fully adjusted for cooking fuel, heating fuel, damps, moulds, and tobacco as predictors. Results from
mixed effects model (table 6) showed the odds ratio of adults residing in these damp home environments were 1.64 (95%
Cl: 1.55 - 1.73) times as likely to report asthma symptoms and 1.74 (95% CI: 1.61 - 1.89) times as likely to report severe
asthma symptoms while those exposed to moulds were 1.35 (95% CI: 1.27 - 1.43) times as likely to report asthma symptoms
and 1.49 (95% CI: 1.37 - 1.63) times as likely to report severe asthma symptoms. The association with these household

exposures was statistically significant at 5% level.

The use of biomass and solids as a source of cooking fuel was associated with the risk for reporting severe asthma symptoms
1.64 (95% CI: 1.43 — 1.88) and 1.19 (95% CI: 0.97 — 1.46) respectively. The association for using this type of fuel was
statistically significant for biomass and non-statistically significant for solids as cooking fuel. For cooking fuels (electricity
and gases), there was no association with the risk for reporting severe asthma symptoms. Smoking was associated with
increased risk for reporting asthma symptoms. For the adults smoking (active smokers), the OR was 1.16 times as likely to
report asthma symptoms.

The odds of heating using biomass as source of fuel increased risk of asthma symptoms and severe asthma symptoms by
18% and 11% respectively however the association was not statistically significant. Using gas as heating fuel increased
odds of reporting current asthma symptoms [1.21 (95% CI: 1.11 — 1.32)] and 1.31(95% ClI: 1.15 — 1.49) for reporting severe
asthma symptoms and the relationship was statistically significant. For solid fuel the odds were 1.24 times (95% CI: 1.06 -
1.46) as likely for reporting current asthma symptoms and 1.35 times (95% CI: 1.06 - 1.72) as likely for reporting severe
asthma symptoms.
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Table 1: Prevalence estimates of asthma, eczema and hay fever related symptoms by WHO region and country.

Have you ever

Have you had

Severe asthma

Have you ever

Have you ever

had asthma? wheezing or symptoms. had eczema? had hay fever?
whistling in the
chest in the past
12 months?
Yes Yes Yes Yes Yes
WHO Region Country Count (n%) Count (n%) Count (n%) Count (n%) Count (n%)
ﬁi‘ggg"o”' 26 (3,0%) 88 (10%) 31 (3,6%) 66 (7,7%) 253 (29,4)%
Africa —
“f’;sf?l 66 (2,8%) 131 (5,6%) 52 (2,2%) 249 (10,7%) 66 (2,8%)
Africa region 3181 92 (3,0%) 219 (6,9%) 83 (2,6%) 315 (9,9%) 319 (10,0%)
QLQSS”“”’“' 14 (16%) 24 (27%) 11 (46%) 14 (16%) 30 (34%)
ﬁr:agé'é 109 (12%) 164 (18%) 79 (8,8%) 34 (3,8%) 366 (41%)
(N:‘Ezt;‘?s'ca’ 950 (29%) 748 (23%) 297 (9,1%) 438 (13%) 1402 (43%)
AT Gaatemala
Ny 78 (7,0%) 164 (15%) 53 (4,7%) 135 (12%) 467 (42%)
gggggfasv 69 (27%) 83 (33%) 53 (21%) 38 (15%) 61 (24%)
“Nﬁfi'é’ég 1846 (4,0%) 3857 (8,3%) 1759 (3,8%) 1542 (3.3%) 3103 (6,7%)
fergi‘i r'fas 52026 3066 (6,0%) 5040 (9,7%) 2252 (4,3%) 2201 (4,2%) 5429 (10,4%)
Eastern ',\rli’;'g 48 163 (2,7%) 425 (7,1%) 139 (2,3%) 519 (8.7%) 1178 (20%)
T vaud: Arabia, 914 (14%) 932 (14%) 364 (5,4%) 860 (13%) 1001 (15%)
East Med region 12734 1077 (8,5%) 1357 (10,7%) 503 (4,0%) 1379 (10,8%) 2179 (17,1%)
ﬁfl‘g? 153 (8,1%) 124 (6,5%) 38 (2,0%) 372 (20%) 589 (31%)
Egﬁ‘é‘;g 139 (1,3%) 626 (5,6%) 211 (1,9%) 1114 (10%) 787 (7,1%)
Europe Foane, 108 (4,9%) 182 (8,2%) 73 (3,3%) 248 (11%) 596 (27%)
52333'26 49 (2,1%) 142 (6,0%) 55 (2,3%) 134 (5.7%) 429 (18%)
ﬁ,gg‘gél 809 (12%) 957 (14%) 330 (4,7%) 1597 (23%) 1733 (25%)
Europe region 24531 1258 (5,1%) 2031 (8,3%) 707 (2,9%) 3465 (14,1%) 4134 (16,9%)
',\rl‘f‘g’,‘s;oz 4 1765 (2,1%) 2906 (3,4%) 1025 (1,2%) 8438 (9,9%) 8315 (9,8%)
South-East Asia Tr;ailand
Negarg 251 (4,6%) 346 (6,4%) 132 (2,4%) 1600 (30%) 2475 (46%)
S-E Asia region 90442 2016 (2,2%) 3252 (3,6%) 1157 (1,3%) 10038 (11,1%) 10790 (11,9%)
mf‘é"og‘;a'a”d' 550 (18%) 518 (17%) 193 (6,4%) 572 (19%) 1294 (43%)
Western Pacific Ta_iwan
NG00 572 (6,0%) 518 (5,3%) 181 (1,9%) 1432 (15%) 4240 (44%)
West Pac region 12692 1122 (8,8%) 1036 (8,2%) 374 (2,9%) 2004 (15,8%) 5534 (43,6%)
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Table2: Prevalence of reported cooking fuel usage by country and region

No food ekcticy Liquified Natural
cooked ectrici petroleum ; iani .
e e gas Biogas | Kerosene Coe;l(/ellgnl Charcoal | wood | Stawigra | Animal Agricultu
VoS 7 ss dung ral crop
" — es Yes Yes Yes Yes Yes residue
i unt
O Region | Country %) Count (n%) Count Count Count Count Count e Yes Yes Yes Yes
(n%) (n%) (n%) o un Count Count |  Count Count
Cameroo 11 01 181 (n%) (%) (n%) %) ) o Coount
. nN=860 | (1.3%) 0(7.0%) | 233(27%) 56% 20(47% | 64(7.4%) 57 03 (31 26 0) (n%)
Nigeria, 34 ) (6.6%) 3G | gy | 10028 | 1(02%) 1
N=2321 | s | (18%) | 342 (15%) (1%3/7 107 1018 B . 6 (14%)
0, 0,
P T & o | aen | ww | am | BT | o | 07 | 16076 %
e (1,4%) 484 (15%) | 575(18%) 1538 147 1082 89 508 (L.3%)
) 0,
pr— (48%) | (4,6%) (34%) o | T8I | e | 26084 | 7054 )
e 1w | alsw | slesw) | o | 0% | o (L3%)
0,
Brazl (88%) @) | 0% | ok | 0% | 0% | 0% | oox)
Negop) | 270%) | S6(63%) | 331(37%) 463 0(0%) 0
= (52%) A | 00%) | 1(01%) | 8(09%) 16 0
osta ' (1,8%) 0(0%) | 1(01%) | 1(01%)
E%n F03%) | 1940(5%) (7225/) o | (14%) | 3(<0.1%) 2 60
Americ = . 37% 70 1% 9
@ "Guatema )| B (@1 | YOV | gy | S0 | 2(0T) | 0%
2 6(0.5%) | 73(65% 383
N=1117 ' (O%) | 69E6H) | (ayyy | 1004 | 20024 10 A 39
b) (0.9% 2(0.2%) 2(0.2%) 0 1
Honduras 9(3.5%) 18 il (3:5%) - L(<01%) (<0.1%)
 N=254 5% 155 (61%) 30(129 i
A (12%) (7.1%) 19(7.5%) | 9(35%) | 4(L6%) | 3(1.2%) 19
Mexico 240 20| ey | Q0 | 40L6%) | 3(12%)
. . 26828 | 15715 ) P
N=46399 9 3016 (6.5%) m 13
(05%) (58%) | (34% 5 49(0.6%) 9 754 4 1
Americas 292 0 | (0% ) | B3O8 |6 i 3 65
fegion S0 | gy | S2400 8079 | 17850 | 252 5 o | o | o | o
&% co | eee | s | B0 | 00w | 2| sei0 2 70
Iran, (<0,1%) (1,7%) (0,1%)
Eastern N=5048 0 (0%) 0 (0%) 0 (0%) 4890 0 (O(y) 0 (0/) y (<0.1%) (0,1%)
Mediter . 82% o % 0(0% 9
R /S\?;S; - (55703) (%) | 0(0%) | 0% | 0% | 00% | 0(0%)
' 1700 (25%
N=o786 | (LO%) N N B 2 o | 30
East Med 68 (1,9%) (1.0%) 26(0.4%) | 17(0.3%) )
region 12734 C | 1700(234%) | 0(0%) 10468 17 (04%)
(0,5%) i o (82%) 0(0%) 0(0%) 0(0%) 70 o
Greece, (1,0%) 4 (0,5%) 26(0,2%) | 17(0,1%)
Neigor | 8(04%) | 1838(97%) | 60(32%) B ) )
- ; 1(<0.1%) | 41(22%) | 3(0.2% "
(3.8%) (0.2%) 0(0%) | 6(0.3%) 0
Egiovo, 117 103 (6% 155 ™ .3% 0(0%) 0(0%) 0(0%)
F11098 | (11%) O | waw | e | 61059 | 48044 44 o | 4235
. — (7,6%) (04%) 400 (3,6%) 38 34(03%) | 9(0.1%) 8
wope | ooy | 8(04%) | 807(36%) 1233 1268 107 Lo " 34") (0.7%)
0, <
Russi, (105%) | (7.1%) | (48%) )|y | 183820 |y | 1001 |00 | 0(0%
Rssa | oo | 19w | o | e | o0k | oW ,
0, 0 0,
p— o = (1;?) 0 0(0%) | 0(%) | 0(% | 0(%) | 0(%) | 0(0%)
N=69 4783 (69%
6L | (27%) G 1y | oy | S€OTA | 00A) 2 i) |0 6
Europe 319 (<0.1%) 1 (<0.1%) 1(<0.1%) | 1(<0.1%)
region 24531 temserey | 200 | P76 14 : (<0.1%)
(1,3%) (B a% 5 a1(04% | 4280
— s 4%) 12% | (0,7%) A1 03%) 584 (2,4%) o 36(0,1%) 10 84
souEast | N8s024 | (o | >12L60%) 738054 4890 2256 3522 1010 615 3 Al A
Asia E—— ’ 6% | 6 | em | e | paw | G40 7 1001 1556 771
waland, | 2| soEswy | b | 1O ; w20 | 0z | 086 | (0%
. 4.2%) g% | g | 2O | S0 B uopa | 7
S-E Asia 983 (0,200) 770 (0 500) 5 (0,1%) 3 (0,1%) 3 (0 ]_%)
regon oz | | omigmn | TR | 00| R | : :
New ' B | 6o | esw | Gow | o | 0% 6184 | 1006 | 1559 | 774
e Ll — 68%) | (L1%) | (L7%) | (09%)
Western 20 9 2302(77%) | 635(21%) 615 ) -
Sl N=3002 (0.4%) o 18 (0,6%) 0(0%) 0 10
Pacific region (205%) ' ’ 0(0%) 6(0,2%) 0(0%
Taiwan, 893 " 0 (0,3%) (0%) | 0% | 0(0%)
N=9690 971 (10%
(9.2%) 0) (2100) (66%) 26 (0.300) 13 (0,1%) 2 1 (<0 100) 5 . 2
West Pac 904 5 (<0.1%) : (<0.1%) 3(<0.1%) | 2(<0.1%)
region 12692 3273 (269 669 7035 : (<0.1%)
(7,1% (26%) 0 2
1%) (21%) (55%) 44(0,3%) | 13(0,1%) 7(0,1%) 15 2
(<0,1%) b oy | 3(<01%) | 2(<0,1%)
(0,1%)
s (<0,1%)
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Table3: Prevalence of reported heating fuel usage by country and region

Liquified Strawfaras Animal Agricultur
electricity petroleum | Natural gas Biogas Kerosene | Coallignite | Charcoal wood s g dun al crop
gas 9 residue
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
’ Count Count Count Count Count Count Count Count
WHO Region Country Count (n%) (n%) Count (n%) (n%) (n%) (%) (%) Count (n%) (%) (n%) (%)
CNa':“Segg"” 7486%) | 0(35%) | 62072%) | 708%) | 809%) | 6(07%) | 5463%) | 74@86%) | 405% | 202%) | 4(05%)
Africa : —
Hf;é';l 138(59%) | 9(04%) | 49(21%) | 11(05%) | 7934%) | 7(03%) | 33(14%) | 23(10%) | 3(01%) | 2(0.1%) | 9(04%)
Africa region 3181 | 212(67%) | 39(12%) | 111(35%) | 17(05%) | 87(27%) | 13(04%) | 877%) | 97(30%) | 7(02%) | 4(01%) | 13(04%)
Argentina,
\os8 43089%) | 0(%) | 19(L6%) | 0% | 0(0%) 00% | 1(11%) | 2(23%) 0(0%) 0(0%) 0(0%)
E{f;gé) 208(232%) | 607%) | 1820%) | 2(02%) | 0(%) | 17(19%) | 11(1.2%) | 113(126%) | 2(02%) | 0(0%) | 1(0.1%)
Costa
Rica, 0 (0%) 0(0%) 0(0%) 0% | 0% 0(0%) 0(0%) 0(0%) 0(0%) 0% | 0(%)
America N=3272
Guatemal
ooy | 0% 0(0%) 0(0%) 0% | 0% 0(0%) 0(0%) 0(0%) 0(0%) 0% | 0%
Honduras’ 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
Neoss 0 (0%) 0(0%) 0(0%) 0% | 0% 0(0%) 0(0%) 0(0%) 0(0%) 0% | 0%
Mexico, 5321 \ . 44 . . 21 . . . .
No6350 (s | P2@10) | 176268 | g0 | 3(01%) | 4(01%) | oo, | BTOGH | 3(01%) | 2(01%) | 3(<01%)
Americas fegion 52026 %572 1 908 (1.9%) | 1799 (35%) 1 3<01%) | 21 (<01%) 31 4 08%) | 5c01%) | 2(<01%) | 4(<0.1%)
(10.7%) : : (<0.1%) ; : (<0.1%) : : : :
}Li[‘;g 8 0(0%) 0(0%) | 4773(80%) | 0(0%) | 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 00%) | 0(O%)
Eastern -
Mediterranean Saudi 3706
Arabia, 546%) 99(15%) | 188(18%) | 13(02%) | 86(L3%) | 94(14%) | 33(05%) | 82(L2%) | 19(03%) | 9(01%) | 54(08%)
N=6786 )
East Med region 12734 3706 |9 (0.8%) 4961 | 4a0106) | 86(07%) | 9407%) | 3303%) | 82(06%) | 19001%) | 9(<01%) | 54(0.4%)
29.1%) ! (30.0%) ] | . ! ! ] ] !
Greece, | eq7(a06) | 33(L7%) | 514@7%) | 704%) | 2 00% | 1(<01%) | 139(74% | 0@%) | o©% | 0%
N=1897 ' : (49%) ' :
Kosovo, 319
o 3811(34%) | 102(0.9%) | 163(15%) | 31(03%) | 9(<0,1%) | 87(0.8%) 5991 (54%) | 67(06%) | 6(<0,1%) | 54(05%)
N=11093 2.9%)
Europe E‘i';;go T5(L7%) | 32(1%) | 477(21%) | 4(02%) | 2(<0.1%) | 423(19%) | 19(0.9%) | 190(86%) | 0(0%) 0% | 2(<0.1%)
E:;;'ZO 924(39%) | 0(0%) | 1(<01%) | 71(30%) | 0(0%) 0(0%) 0(0%) 00%) | 1(<01%) | 00%) | 0(O%)
Eﬂg'gél 4640 (67%) | 389 (56%) | 344(49%) | 11(02%) | 38(0,6%) | 4(<01%) | 2(<01%) | 236(34%) | 0(O%) | 1(<01%) | 4(<01%)
. 10447 . . 124 969 . 341 6556 , . .
Europe region 24531 (43%) 556 (2.3%) | 1037 (4.2%) 05%) (4.0%) 514 (2.1%) (L4%) (26.7%) 68 (0.3%) | 7(<0.1%) | 60 (0.2%)
India, 1425 294 288 1343 273 682 852 219
L B0G7%) | e | 205 1y | 03w | wew | 03w | BB6 | 0swy | wew | 03w
outh-East Asia :
Lﬂ%‘ﬁ‘; 0(0%) 0(0%) 0% | oW | oo | oow | oow | o@w% 0% | oW | o
L 1425 294 288 1343 273 682 852 219
H 0, 0, 0,
S-E Asia region 90442 | 8210 (9.1%) (L6%) 422 (0.5%) 03%) 03%) (L5%) 03%) 5316 (5.9%) 08%) 0.9%) 0.2%)
New
s Pac Zedand, | 2114(70%) | 195(65%) | 188(63%) | 9(03%) | 502%) | 7(02%) | 8(03%) | 416(14%) | 502%) | 5(02%) | 5(02%)
estern Pacific N=3002
£ Taiwan 221
Noopop | SRIE) | 36(04%) | 48O | 1001%) | | 010 | MO | 1902 | 2(01%) | 1(01%) | 2(01%)
West Pac region 12692 | 7AS3(69%) | 231(L8%) | 2%6(19%) | 19002) | 8202/3 10(<0.1%) | 22(02%) | 435(34%) | 7(<0.1%) | 6(<0.1%) | 7(<0.1%)
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Table4: Prevalence of reported exposure to damp/moulds by country and region

Damp at this Damp during [;a mp dunng Damp at some Mould at this Mould during '\ﬂOUld dunng Mould at some
moment pregnancy of 1*year of this other fime moment pregnancy of 1*year of this other fime
this child chid this child child
Yes Yes Yes Yes Yes Yes Yes Yes
WHO Region Country Count (n%) Count (n%) Count (n%) Count (n%) Count (n%) Count (n%) Count (n%) Count (n%)
CNagaeégon 245 (28%) 105 (12%) 99 (12%) 150 (17%) 191 (22%) 86 (10%) 73 (8%) 122 (14%)
Africa —
H'fg';l 112 (5%) 94 (4%) 84 (36%) 173(7,5%) 86 (3.7%) 81 (35%) 80 (34%) 138 (5,9%)
Aftica region 3181 357 (11%) 199 (6,3%) 183(58%) | 323(102%) 277 (8.7%) 167 (5.2%) 153 (4,8%) 260 (8,2%)
Argentina,
\og8 26 (30%) 24.27%) 25 (28%) 43 (49%) 22 (25%) 16 (18%) 17 (19%) 23 (26%)
ﬁr:aszgé) 162 (18%) 29 (3.2%) 22 (25%) 251 (28%) 136 (15,2%) 22 (2.5%) 9 (1,0%) 237 (26,5%)
Costa
Rica, 919 (28%) 716 (229%) 759 (23%) 1216 (37%) 631 (19%) 524 (16%) 584 (18%) 971 (30%)
America N=3272
aG“ﬁtfle; 269 (24,1%) 290 (26%) 33207%) | 392(351%) | 172(154%) | 205(184%) | 233 (209%) 288 (25,8%)
Honduras,
Neoss 33(13%) 24.(9.4%) 27 (10,6%) 39 (15,4%) 26 (10,2%) 21(83%) 34 (13.4%) 39 (15,4%)
hNASZ%csoeg 9321 (20%) 4157 (9%) 4914 (11%) 9345 (20%) 4748 (10%) 2004 (4%) 2542 (5%) 5970 (13%)
Americas
region 52026 | 10730 (21%) 5240 (10%) 6079 (12%) | 11286 (22%) 5735 (11%) 2792 (5%) 3419 (79%) 7528 (14%)
:\"irgg i | 586(0%) 320 (5.4%) 349 (5.9%) 642 (11%) 17029%) | 155 (2.6%) 160 (2,7%) 235 (4%)
Eastern
Mediterranean | Saudi
Avabia, 256 (3,8%) 128 (1,9%) 167 (25%) 275 (4,1%) 98(14%) | 48(0.7%) 63 (09%) 128 (1,9%)
N=6786
rEezsigr“]"ed 12734 842 (6,6%) 448 (35%) 516 (4,1%) 917 (7,2%) 269 (2,1%) 203 (1,6%) 223 (1,8%) 363 (2,9%)
ﬁi‘i‘;%‘; 418 (229%) 138/(7.3%) 225 (129%) 516 (27%) 292 (15%) 81 (4.3%) 144 (7.6%) 367 (19%)
5251%33 273 (2%) 346 (3.19%) 361 (3.3%) 866 (7,8%) 287 (2,6%) 317 (2.9%) 333 (3.0%) 845 (7,6%)
Europe Eg';ggo 356 (16%) 257 (12%) 350 (16%) 454 (20%) 295 (13%) 218 (10%) 288 (13%) 383 (17%)
Eﬂ;;'go 57 (2.4%) 119 (5.0%) 176 (7.5%) 163 (6.9%) 149 (6.3%) 158 (6.7%) 139 (5.9%) 115 (4.9%)
222261 1147 (16%) 523 (8.1%) 576 (8.3%) 1656 (24%) 658 (9,5%) 313 (45%) 369 (5.3%) 1167 (17%)
Europe regjon 24531 | 2251(0,1%) 1383(01%) |  1688(01%) |  3655(0,1%) |  1681(01%) | 1087(<01%) |  1273(01%) 2877 (0,1%)
:{}f’goz | 8529010%) 3BBL(AG%) | 3T43(4A%) | 5283(62%) | 4922(58%) | 2154(25%) | 2432 (2.9%) 3774 (4.4%)
South-East B
pEE Thailand
Nesalg | 1134(21%) 543 (10%) 632 (129%) 715 (13%) 814 (15%) 328 (6%) 387 (7%) 489 (9%)
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rsé; ;:sm 90442 | 9663 (11%) 4424 (5%) 4375 (5%) 5998 (7%) 5736 (6%) | 2482 (3%) 2819 (3,1%) 4263 (4,7%)
New
Zealand, 643 (21%) 556 (19%) 603 (20%) 902 (30%) 711 (24%) 552 (18%) 591 (20%) 904 (30%)
Western N=3002
Pacific region Taiwan
N=9690 3456 (36%) 1548 (16%) 1550 (16%) 1916 (20%) 3354 (35%) 1473 (15%) 1488 (15%) 1927 (20%)
West Pac
region 12692 | 4099 (32%) 2104 (17%) 2153 (17%) 2818 (22%) 4065 (32%) | 2025 (16%) 2079 (16%) 2831 (22%)
Table 5: Prevalence estimates of reported smokers by WHO region and country.
Active smokers (tobacco at this moment)
Not at all Less than daily Daily
WHO Region Country Count (n%) Count (n%) Count (n%)
Africa Cameroon, N=860 721 (84%) 22 (2.6%) 8 (0.9%)
Nigeria, N=2321 2080 (90%) 10 (0.4%) 8 (0.3%)
Africaregion 3181 2801 (88%) 32 (1.0%) 16 (0.5%)
Argentina, N=88 67 (76%) 15 (17%) 6 (6.8%)
Brazil, N=896 685 (77%) 32 (3.6%) 96 (11%)
Costa Rica, N=3272 3094 (95%) 71 (2.2%) 102 (3.1%)
America
Guatemala, N=1117 980 (88%) 91 (8.1%) 16 (1.4%)
Honduras, N=254 207 (82%) 8 (3.1%) 19 (7.5%)
Mexico, N=46399 33038 (71%) 8245 (18%) 3240 (7.0%)
i}rgieor :]Cas 52026 38071 (73%) 8462 (16%) 3479 (6.7%)
e Iran, N=5948 4310 (73%) 206 (3.5%) 250 (4.2%)
Mediterranean Saudi Arabia, N=6786 5623 (83%) 171 (2.5%) 578 (8.5%)
et iz 12734 9933 (78%) 377 (3.0%) 828 (6.5%)
region
Greece, N=1897 1250 (66%) 141 (7.4%) 505 (27%)
Kosovo, N=11093 5427 (49%) 769 (6.9%) 1961 (18%)
Europe Poland, N=2220 1654 (75%) 144 (6.5%) 395 (18%)
Russia, N=2360 2019 (86%) 34 (1.4%) 307 (13%)
Spain, N=6961 3361 (48%) 498 (7.2%) 2811 (40%)
Europe region 24531 13711 (56%) 1586 (6.5%) 5979 (24%)
] | India, N=85024 71748 (84%) 6028 (7.1%) 3594 (4.2%)
South-Bast Asia i N=5418 5041 (93%) 124 (2.3%) 141 (2.6%)
S-E Asiaregion 90442 76789 (85%) 6152 (6.8%) 3735 (4.1%)
e P New Zealand, N=3002 2534 (84%) 119 (4.0%) 312 (10%)
esternFaciic | raiwan, N=9690 7775 (80%) 439 (4.5%) 1366 (14%)
\r’ggféfac 12692 10309 (81%) 558 (4.4%) 1678 (13%)
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Table 6: Odds ratio results of logistic mixed effects model on the association of asthma and related risk factors.

Have you had

Have you ever had

Have you ever had

wheezing or whistling Severe asthma Have you ever had eczema? hay fever?
in the chest in the past symptoms asthma?

12 months?

OR (95% ClI) OR (95% CI) OR (95%Cl) OR (95% ClI) OR (95% ClI)

Reference: No

Electricity

1.19(1.13-1.25)

1.16 (1.07 - 1.25)

1.28 (1.20 - 1.36)

1.23(1.18-1.28)

1.45 (1.40 - 1.50)

Cooking Fuel:
Reference: No

solid cook

1.04 (0.90 - 1.20)

1.19 (0.97 - 1.46)

1.05(0.88 - 1.27)

0.99 (0.89 - 1.10)

1.02(0.92-1.13)

gases_cook

0.93 (0.88 - 0.99)

0.96 (0.88 - 1.05)

0.97 (0.91 - 1.04)

1.01 (0.96 - 1.07)

1.12 (1.07 - 1.17)

biomas_cook

1.48 (1.35 - 1.61)

1.64 (1.43 - 1.88)

1.34 (1.19- 1.51)

1.46 (1.36 - 1.57)

1.23 (1.15-1.32)

Heating Fuel:
Reference: No

Solid_heat

1.24 (1.06 - 1.46)

1.35 (1.06 - 1.72)

112 (0.91 - 1.38)

1.56 (1.41 - 1.74)

1.32 (1.19 - 1.47)

gases heat

1.21 (1.11-1.32)

1.31 (1.15 - 1.49)

1.12 (1.01 - 1.24)

1.10 (1.02 - 1.19)

1.37 (1.28 - 1.46)

biomas_heat

1.18 (1.07 - 1.30)

1.11 (0.95- 1.29)

114 (1.01- 1.29)

0.79 (0.74 - 0.85)

0.97 (0.90 - 1.04)

Damps
Reference: No

1.64 (L55- 1.73)

1.74 (1.61- 1.89)

152 (1.42- 1.62)

2.27 (2.17 - 2.38)

1.76 (1.69 - 1.84)

Moulds
Reference: No

1.35 (1.27 - 1.43)

1.49 (1.37 - 1.63)

1.29 (1.21 - 1.39)

1.23 (117 - 1.29)

1.29 (1.23 - 1.35)

Tobacco
Reference: Non-
smokers

1.16 (1.13- 1.18)

1.11 (107 - 1.16)

0.98 (0.95 - 1.01)

1.05 (1.03 - 1.08)

0.96 (0.94 - 0.98)

WHO Region
Reference: Africa

America

1.46 (0.61 - 3.53)

1.89 (0.90 — 3.94)

2.08 (1.18 — 3.66)

0.39 (0.22 - 0.69)

0.96 (0.54 — 1.69)

Eastern Mediterranean

1.61 (0.56 — 4.60)

1.70 (0.61 — 4.68)

2.15 (0.84 - 5.52)

1.77 (0.61 - 5.15)

2.49 (1.16 - 5.36)

Europe

0.69 (0.29 - 1.67)

0.72 (0.32 - 1.58)

0.68 (0.34 - 1.33)

1.18 (0.63 - 2.21)

1.10 (0.60 — 2.03)

Western Pacific

1.07 (0.36 - 3.12)

1.08 (0.35 — 3.30)

3.28 (1.12 - 9.63)

1.64 (0.57 — 4.76)

5.48 (1.82 - 16.5)

South East Asia

0.50 (0.20 — 1.22)

0.50 (0.23 - 1.09)

0.81 (0.48 - 1.37)

1.24 (0.74 - 2.07)

1.28 (0.77 - 2.11)

Key:

gases = "Liquified petroleum gas + Natural gas + Biogas + Kerosene";

Solid = "Coal/Lignite + Charcoal";

Biomass = "Wood + Straw/shrubs/grass + animal dung + agricultural crop residue”

23




4 DISCUSSION
This study examined the prevalence of asthma symptoms, risk factors and how this prevalence varied by country and WHO

region. This study also examined the association and the strength of the relationship between the risk factors and asthma
symptoms among adults in nineteen countries that took part in this study. Data were collected using a written international
guestionnaire. The questionnaire developed was based on asthma, rhinitis and eczema symptoms, management of asthma

and environmental factors.

The risk factors of interest were household exposures such as cooking fuel, heating fuel, damps, moulds, and tobacco
smoking. The analysis showed significant variation across WHO region and country on the type of cooking and heating fuel
reported to be used as source of energy. In the African region, for instance, the most prevalent reported cooking fuel was
natural gas (48%), for Americas region it was LPG (54%), Eastern Mediterranean region reported high usage of natural gas
(82%), European region reported 67% usage of electricity, South-East Asia region reported 87% usage of LPG and Western

Pacific reported 55% usage of natural gas.

Among these six WHO regions, natural gas and LPG appears to be the most reported used cooking fuel, with countries like
Argentina, Iran and Saudi Arabia having the highest reported proportion of natural gas consumption whereas India and
Thailand reported to rely mostly on LPG. In all the six WHO regions, there was very little variation in prevalence of the
type of fuel used for heating. However, all regions seemed to rely mostly on electricity as the main source of heating fuel
compared to other heating fuels. Countries like New Zealand (70%), Spain (67%), Taiwan (55%) and Argentina (49%) have

the highest prevalence of electricity consumption for heating purposes.

There was also notable variation across the regions in adults who reported to be living in household environments with
damps and moulds. For example, the adult population residing in the Western Pacific region had the highest prevalence of
exposure to damps (32%) and moulds (32%). Taiwan has the highest proportion whereas adults residing in the Europe
region having lowest prevalence of 0.1% who reported to be exposed to mould and damp household environment. African
and American region also had a high proportion of adults exposed to damps and moulds in their homes. The prevalence
estimates of active tobacco smokers appeared to vary considerably across regions with the European region having the
highest percentage of active smokers, which is adults who smoke on daily basis followed by the Western Pacific and Eastern
Mediterranean regions. Africa has the lowest reported proportion of reported active adult smokers making 0.5% for both

Cameroon and Nigeria.

For household exposures, the proposed hypothesis was that exposure to cooking fuel, heating fuel, moulds/damps and
tobacco smoking in the home environment were associated with increased risk of reporting asthma symptoms. Urrutia-
Pereira et al., (2021) showed that adults in Brazil who were exposed to moulds in the living rooms and who are active
smokers had increased risk of having asthma symptoms [11]. Data analysis outputs revealed that adults living in damp and
mouldy home environment had increased risk of reporting asthma symptoms as well as severe asthma symptoms. The study
findings on the association of adult self-reported active smokers and asthma symptoms also correlated with that of Urrutia-

Pereira et al., (2021), showing that active smokers had a higher risk of reporting asthmatic symptoms [11]. However,
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Urrutia-Pereira et al., (2021) found no association between different types of cooking fuel and asthma, indicating that
different types of cooking fuels cannot be regarded as a risk factor for reporting asthma [11]. However, this study found a
statistically significant relationship among adults who reported use of biomass as cooking fuel and asthma symptoms/severe
asthma symptoms whereas for solid fuel there was an association, but it was not statistically significant.

Wong et al., (2013) investigated the association of asthma and a range of cooking fuels [13]. In their findings, the authors
reported the use of fuels that produce open fire as cooking fuel increased risk of asthma symptoms, whereas for gas as
source of fuel and asthma symptoms they reported no evidence of an association [13]. Another cross-sectional study on the
association between biomass fuel exposure and asthma symptoms conducted in Nigeria highlighted approximately three
quarters of the rural population relied on biomass as source of cooking fuel and exposure to biomass was associated with
increased odds of asthma symptoms [12]. The authors also highlighted the association of biomass fuel and asthma symptoms
varied by gender and noted the strength of association being stronger and statistically significant in male than in females
[12]. However, this article did not examine if the difference in strength or association of asthma symptoms and risk factors

did vary by gender [12].

In an attempt to find the effects smoke produced by biomass or solid cooking fuel on self-reported asthma among adult men
and women residing in India, the study reported that the risk of asthma was significantly higher in adult women exposed to
smoke produced by biomass and solid cooking fuels compared those who reported the use cleaner cooking fuels [15]. The
researchers also investigated the combined effects or interaction of biomass fuel, solid fuel and tobacco smoke on the risk
asthma symptoms, the results showed a significant increased risk among adult women compared to men [15]. However, this
current mini thesis did not examine the combined effects or interaction between the risk factors and self-reported asthma

symptoms to allow comparison with other published articles.

For shows adults who seif- reported to have wheezing or whistling in the chest, who reported of using electricity as cooking
fuel had a higher odds ratio (OR = 1.19, 95% CI: 1.13 - 1.25) compared to those who self-reported to use solid fuels (OR =
1.04, 95% CI: 0.90 - 1.20), gases (OR = 0.93, 95% CI: 0.88 - 0.99), and biomass (OR = 1.48, 95% CI: 1.35 - 1.61).
Suggesting that individuals using electricity for cooking may have a higher likelihood of experiencing wheezing or whistling
in the chest in the past 12 months compared to those who self-reported using other cooking fuels. Similar to wheezing,
adults who self-reported to have severe asthma symptoms using electricity as cooking fuel had a slightly higher odds ratio
(OR =1.16, 95% CI: 1.07 - 1.25) compared to those who reported to use solid fuel (OR =1.19, 95% CI: 0.97 - 1.46), gases
(OR =0.96, 95% CI: 0.88 - 1.05), and biomass (OR = 1.64, 95% CI: 1.43 - 1.88). This indicated that individuals who self-
reported using electricity for cooking may be more likely to experience severe asthma symptoms compared to those using
other cooking fuels. Lastly, adults who self-reported to ever had asthma using electricity as cooking fuel also showed a
higher odds ratio (OR = 1.28, 95% CI: 1.20 - 1.36) compared to solid fuel (OR = 1.05, 95% CI: 0.88 - 1.27), gases (OR =
0.97, 95% CI: 0.91 - 1.04), and biomass (OR = 1.34, 95% CI: 1.19 - 1.51), suggesting that individuals who have used
electricity for cooking may have a higher likelihood of having a history of asthma compared to those using other cooking

fuels.
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The unexpected outcome of higher odds ratios for electricity compared to other forms of cooking fuels in the provided table

6 may be attributed to several factors. Here are a few possible explanations:

e Sample Bias: The data used to generate the odds ratios may not be representative of the general population.

e Confounding Variables: There might be confounding variables that were not accounted for in the analysis.

In another case-referent study the authors investigated the relationship between the risk of adult-onset asthma and certain
household environment exposures such as moulds, tobacco smoke and wood stove [16]. The study results indicated a
positive association between occurrence/presence of asthma and exposure to moulds (odds ratio = 2.2, 95% CI 1.4-3.5),
tobacco smoke (OR = 2.4, 95% CI 1.4-4.1), and presence of a wood stove. (OR = 1.7, 95% CI 1.2-2.5).2® This article also
found a positive association between asthma symptoms and tobacco smoking and moulds exposure. However, in 2002, a
study on adult exposure to gas stove use or woodstove and asthma was conducted, the study did not find any apparent

association between gas or wood usage and asthma related symptoms [17].

A study conducted in Tembisa and Kempton Park South Africa reported by Shirinde et al., (2014), showed children residing
in household that use gas for heating purposes had increased risk of wheezing [18]. In this study results also showed heating
fuel odds among adults who self-reported using solids, biomass, and gases as source of heating fuel had increased risk of
current asthma symptoms and severe asthma symptoms. However, the association between current asthma symptoms and
severe asthma symptoms with use of biomass as heating fuel was not statistically significant and that of gases was

statistically significant.

Regional and country specific prevalence were previously published by Mortimer et al., (2021) [14]. For this article,
prevalence estimates were provided for completeness in table 1. The data reflected Western Pacific region had the highest
asthma ever prevalence and South-East Asia having the lowest prevalence, however variation by country showed that
countries in the Americas region such as Costa Rica and Honduras had the highest prevalence of asthma ever at 29% and
27% respectively. The prevalence of current wheezing was highest in the Eastern Mediterranean region. Honduras proved
to be the country with the highest prevalence at 33% and the lowest in the South-East Asia region with India having the
lowest prevalence at 3.4%. In the Americas region, the highest prevalence of severe asthma symptoms was reported in all
six countries in comparison to the rest of the world. The prevalence for the other two related non communicable disease
eczema and hay fever was 10% or more in most of the regions with highest in the Western Pacific region at 15.8 % for
eczema fever and 43.6% for hay fever respectively. These figures still show that the burden of disease is still present and

varies across various parts of the region.

The model also showed the importance of geographical location in the reporting of asthma symptoms. WHO region was
used to assess if an association existed with the risk of reporting current asthma symptoms and severe asthma symptoms.
The risk of reporting current asthma symptoms was 2.06 times (95% CI: 0.90 - 4.69) more likely in Americas region and
1.94 times (95% CI: 0.68 - 5.53) in the Eastern Mediterranean region compared to Europe region (0.85 (0.34 - 2.11)),
Western Pacific region (0.93 (0.28 - 3.09)) and Southeast Asia (0.52 (0.27 - 1.00)) where the odds of reporting current

asthma symptoms was less likely to occur. The odds of reporting severe asthma symptoms increased by 2.91 times (95%
26



Cl: 1.43 - 5.92)] in the Americas region, 2.16 (95% CI1:0.91 - 5.11)] in the Eastern Mediterranean region, whereas the odds
of reporting severe asthma symptoms decreased 0.50 times (95% CI: 0.28 - 1.01)] in the Southeast Asia region and for
Europe and Western Pacific region there was no association. Some of these differences compared to Africa region were
both statistically and non-statistically significant at 5% level.

One of the strengths in this study was the standardized written questionnaires, that were used to collect data which makes it
possible to allow country-to-country comparison. However, this study had limitations, being a cross-sectional study, whose
results were based on self-reported answers and the level of knowledge of adult caregivers who participated in the survey.
The observed association of this type of observational study cannot be used to establish or determine causal relationships.

5 CONCLUSION
In conclusion, the current study observed high prevalence in the estimates and symptoms of asthma on WHO regions and

countries that constituted the study sample. The study also observed a significant association between asthma symptoms
and exposure to moulds, damps, tobacco smoking, heating, and cooking fuel such as biomass.

6 COMPETING INTERESTS
The authors declare that there are no conflicting interests between them.

27



7 REFERENCES

1.

10.

11.

12.

13.

14.

15.

Rahavi H, Taft AS, Mirzaei M. Years of life lost due to asthma in a population-based 10-year study in Yazd, Iran.
Lung India: Official Organ of Indian Chest Society. 2018 Nov;35(6):472.

Dharmage SC, Perret JL, Custovic A. Epidemiology of asthma in children and adults. Frontiers in pediatrics. 2019
Jun 18;7:246.

Bousquet J, Bousquet PJ, Godard P, Daures JP. The public health implications of asthma. Bulletin of the World
Health Organization. 2005;83:548-54.

Asher MI, Rutter CE, Bissell K, Chiang CY, El Sony A, Ellwood E, Ellwood P, Garcia-Marcos L, Marks GB,
Morales E, Mortimer K. Worldwide trends in the burden of asthma symptoms in school-aged children: Global
Asthma Network Phase | cross-sectional study. The Lancet. 2021 Oct 30;398(10311):1569-80.

Kyu HH, Abate D, Abate KH, et al. Global, regional, and national disability-adjusted life-years (DALYS) for 359
diseases and injuries and healthy life expectancy (HALE) for 195 countries and territories, 1990-2017: a systematic
analysis for the Global Burden of Disease Study 2017. Lancet 2018; 392: 1859-922.

Enilari O, Sinha S. The global impact of asthma in adult populations. Annals of global health. 2019;85(1).

Obel KB, Ntumba KJ, Kalambayi KP, Zalagile AP, Kinkodi KD, Munogolo KZ. Prevalence and determinants of
asthma in adults in Kinshasa. PloS one. 2017 May 2;12(5):e0176875.

Idani E, Raji H, Madadizadeh F, Cheraghian B, Shoshtari MH, Dastoorpoor M. Prevalence of asthma and other
allergic conditions in adults in Khuzestan, southwest Iran, 2018. BMC Public Health. 2019 Dec;19(1):1-3.
Kuruvilla ME, Vanijcharoenkarn K, Shih JA, Lee FE. Epidemiology and risk factors for asthma. Respiratory
Medicine. 2019 Mar 1;149:16-22.

To T, Stanojevic S, Moores G, Gershon AS, Bateman ED, Cruz AA, Boulet LP. Global asthma prevalence in adults:
findings from the cross-sectional world health survey. BMC public health. 2012 Dec;12(1):1-8.

Urrutia-Pereira M, Chong-Neto H, Mocellin LP, Ellwood P, Garcia-Marcos L, Simon L, Rinelli P, Solé D.
Prevalence of asthma symptoms and associated factors in adolescents and adults in southern Brazil: A Global
Asthma Network Phase | study. World Allergy Organization Journal. 2021 Mar 1;14(3):100529.

Oluwole O, Arinola GO, Huo D, Olopade CO. Household biomass fuel use, asthma symptoms severity, and asthma
underdiagnosis in rural schoolchildren in Nigeria: a cross-sectional observational study. BMC pulmonary medicine.
2017 Dec;17(1):1-8.

Wong GW, Brunekreef B, Ellwood P, Anderson HR, Asher MI, Crane J, Lai CK, ISAAC Phase Three Study Group.
Cooking fuels and prevalence of asthma: a global analysis of phase three of the International Study of Asthma and
Allergies in Childhood (ISAAC). The lancet Respiratory medicine. 2013 Jul 1;1(5):386-94.

Mortimer K, Lesosky M, Garcia-Marcos L, Asher MI, Pearce N, Ellwood E, Bissell K, EI Sony A, Ellwood P,
Marks GB, Martinez-Torres A. The burden of asthma, hay fever and eczema in adults in 17 countries: GAN Phase
I study. European Respiratory Journal. 2022 Sep 1;60(3).

Agrawal S. Effect of indoor air pollution from biomass and solid fuel combustion on prevalence of self-reported
asthma among adult men and women in India: findings from a nationwide large-scale cross-sectional survey.

Journal of Asthma. 2012 May 1;49(4):355-65.
28



16.

17.

18.

19.

20.
21.

22.

23.

24,

25.

26.

Thorn J, Brisman J, Toren K. Adult-onset asthma is associated with self-reported mold or environmental tobacco
smoke exposures in the home. Allergy. 2001 Apr;56(4):287-92.

Eisner MD, Yelin EH, Katz PP, Earnest G, Blanc PD. Exposure to indoor combustion and adult asthma outcomes:
environmental tobacco smoke, gas stoves, and woodsmoke. Thorax. 2002 Nov 1;57(11):973-8.

Shirinde J, Wichmann J, Voyi K. Association between wheeze and selected air pollution sources in an air pollution
priority area in South Africa: a cross-sectional study. Environmental Health. 2014 Dec;13(1):1-2.

Holgate ST. A brief history of asthma and its mechanisms to modern concepts of disease pathogenesis. Allergy,
asthma & immunology research. 2010 Jul 1;2(3):165-71.

Bergmann KC, Ring J, editors. History of allergy. Karger Medical and Scientific Publishers; 2014 May 27.

Loftus PA, Wise SK. Epidemiology of asthma. Current opinion in otolaryngology & head and neck surgery. 2016
Jun 1;24(3):245-9.

The Global Asthma Report 2011; The International Union Against Tuberculosis and Lung Disease: Paris, France,
2011; ISBN 978-2-914365-83-3.

The Global Asthma Report 2014; Global Asthma Network: Auckland, New Zealand, 2014; pp. 44-57. ISBN 978-
0-473-29125-9/978-0-473-29126-6.

The Global Asthma Report 2018; Global Asthma Network: Auckland, New Zealand, 2018; ISBN 978-0-473-46523-
0/978-0-473-46524-7.

The Global Asthma Report 2022; Global Asthma Network: Auckland, New Zealand, 2022; ISBN: 978-0-473-
63703-3 http://dx.doi.org/10.5588/ijtld.22.1010.

Ellwood P, Ellwood E, Rutter C, Perez-Fernandez V, Morales E, Garcia-Marcos L, Pearce N, Asher MI, Strachan

D, GAN Phase | Study Group. Global asthma network phase | surveillance: geographical coverage and response
rates. Journal of clinical medicine. 2020 Nov 17;9(11):3688.

29



PART C. APPENDICES

30



Appendix A: Forest plots figures representing graphical display of estimated odds ratios.
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FIgU re 1: Forest plot representation of Table 6. Confidence interval band below 1 represents factors associated with decreased odds of reporting current asthma

symptoms while confidence interval above 1 denotes factors associated with increased odds of reporting current asthma symptoms. Confidence interval crossing 1
represents no association. Logistic mixed effects model with statistical significance (p<0.05) and 95% CI was the model used to generate the odds ratios.

Severe asthma symptoms
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FigU re 2: Forest plot representation of Table 6. Confidence interval band below 1 represents factors associated with decreased odds of reporting severe asthma

symptoms while confidence interval above 1 denotes factors associated with increased odds of reporting severe asthma symptoms. Confidence interval crossing 1
represents no association. Logistic mixed effects model with statistical significance (p<0.05) and 95% CI was the model used to generate the odds ratios.
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Ever had asthma
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FIgU re 3: Forest plot representation of Table 6. Confidence interval band below 1 represents factors associated with decreased odds of reporting asthma ever while

confidence interval above 1 denotes factors associated with increased odds of reporting asthma ever. Confidence interval crossing 1 represents no association. Logistic
mixed effects model with statistical significance (p<0.05) and 95% CI was the model used to generate the odds ratios.

Ever had eczema
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FigU re 4: Forest plot representation of Table 6. Confidence interval band below 1 represents factors associated with decreased odds of reporting eczema ever while

confidence interval above 1 denotes factors associated with increased odds of reporting eczema ever. Confidence interval crossing 1 represents no association. Logistic
mixed effects model with statistical significance (p<0.05) and 95% CI was the model used to generate the odds ratios.
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Ever had hayfever
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FIgU re 5: Forest plot representation of Table 6. Confidence interval band below 1 represents factors associated with decreased odds of reporting hay fever ever

while confidence interval above 1 denotes factors associated with increased odds of reporting hay fever ever. Confidence interval crossing 1 represents no association.
Logistic mixed effects model with statistical significance (p<0.05) and 95% CI was the model used to generate the odds ratios.
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Identify drugs and chemicals, including generic name, dosage and route of administration.

Provide manufacturers’ names and addresses (city and country) for equipment, drugs, chemicals and software as neces-

sary, but not in a separate section.
ANALYSIS
Clearly state and define the main outcome measure(s).

Briefly state the statistical methods used during the analysis if they are standard. Describe any new methods and justify
their use.

In the case of single- or multicentre trials with blinded intervention, the code must have been broken at the end of the
study in the presence of the responsible investigator of each centre. The code and the data will then be available to each
participating centre. The first author should make provisions so that if needed, the data are available to the editors for in-
dependent statistical analysis.

Seek advice from a statistician on the appropriate methods of analysis and whether results have been interpreted correctly.

Results
Keep the results section brief.

Describe the baseline characteristics or condition of patients or animals.

Focus on the important results, i.e. those that help to address the research question.
Present most data in figures or tables, not in the text. Use the text to emphasise or summarise the most important observa-
tions.

Discussion
At the beginning of the discussion, summarise the main results, and show how they have addressed the research question.

Make sure that the conclusions are consistent with the results and are pertinent to the research question.
Describe the limitations of the study and/or analysis, and discuss their possible implications for the conclusions.
Emphasise the new and important aspects of the study.

Try to explain contradictory or unexpected results, or discrepancies with previous findings.
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