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Abstract

Our aim is to review current asthma epidemiology, achievements from the last 10 years, and persistent challenges of asthma man-
agement and control in low-middle income countries (LMICs). Despite global efforts, asthma continues to be an important public
health problem worldwide, particularly in poorly resourced settings. Several epidemiological studies in the last decades have shown
significant variability in the prevalence of asthma globally, but generally a marked increase in LMICs resulting in significant mor-
bidity and mortality. Poverty, air pollution, climate change, exposure to indoor allergens, urbanization and diet are some of the
factors that contribute to inadequate control and poor outcomes in developing countries. Although asthma guidelines have been
developed to raise awareness and improve asthma diagnosis and treatment, problems with underdiagnosis and undertreatment are
still common. In addition, important social, financial, cultural and healthcare barriers are common obstacles in LMICs in achieving
control. Given the high burden of asthma in these countries, adaptation and implementation of national asthma guidelines tailored
to local needs should be a public health priority. Governmental commitment, education, better health system infrastructure, access
to care and effective asthma medications are the cornerstone of achieving success. Conclusion. Asthma poses significant challenges
to LMICs. Whilst there are ongoing efforts in improving asthma diagnosis and decreasing asthma burden in LMICs; reasons for
inadequate asthma control are also common and difficult to tackle. Improving asthma diagnosis, access to appropriate treatment
and decreasing risk factors should be key goals to reduce asthma morbidity and mortality worldwide.
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vation from these studies include large geographi-
cal variations, and the high prevalence reported
from some centres in Africa, Latin America and
Asia, which equalled that in high-income coun-
tries (HICs) such as UK or Australia. Like many
other chronic diseases, asthma results from com-
plex gene-environment interactions (5), and the
diversity of genetic and environmental exposures
between populations may explain the heterogene-

Introduction

Asthma is one of the most common chronic dis-
eases in children and adults, leading to significant
morbidity and mortality worldwide (1, 2). The
World Health Organization (WHO) estimates
that more than 300 million people currently sufter
from asthma. The Global Burden of Disease esti-
mated that asthma is the 15" highest ranked cause

of Years Lived with Disability (3). Epidemiologi-
cal studies in the last 30 years such as the Interna-
tional Study of Asthma and Allergies in Child-
hood (ISAAC), showed a marked increase in the
prevalence of childhood asthma worldwide over
the last few decades, particularly in low- and mid-
dle-income countries (LMICs) (4). Striking obser-

ity in the prevalence, phenotypes, and severity of
asthma around the world.

It is increasingly recognized that asthma is
not a single disease, but a complex heterogeneous
condition in which clinical presentation may
vary depending on different pathophysiological
mechanisms that are associated with diverse ge-
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netic backgrounds (6-8). It adversely affects qual-
ity of life of patients, may limit daytime activity,
sleep, school and work attendance, and impacts
upon children, their families, healthcare systems
and the society. Preventable asthma deaths are
still occurring due to a lack of (or inappropriate)
asthma management, and in many cases the fatal
outcome is associated with avoidable factors (9).
Unfortunately, the burden of the disease is higher
in low-middle income countries (LMICs) and in
underserved populations in HICs (10). For exam-
ple, a recent large study in the US has highlighted
that mortality continues to be higher in African
American women (11), and we need to better un-
derstand these disparities to develop accurate risk-
prediction tools (12).

Asthma in LMICs is not only rising, but is be-
coming a major public health problem in countries
where infectious disease and other health priori-
ties often predominate. Extreme social inequali-
ties, poor access to medical services, poor health
education, lack of access to basic infrastructure,
fast modernization and "urbanization” of rural en-
vironment, increasing air pollution, smoking hab-
its and change in the diet are some of the factors
associated with the rise of asthma. Low accessibil-
ity to basic medications, weak healthcare services,
poor adherence with prescribed therapy, lack of
asthma education, and social and cultural factors
have been proposed causes for the lack of control
of the disease (13).

In this article which focusses on LMICs, we re-
view asthma epidemiology, achievements from the
last 10 years, and persistent challenges of asthma
management, and discuss what is needed to im-
prove asthma control, prevent avoidable deaths
and decrease the burden of disease.

Epidemiology of Asthma in LMICs
Asthma Prevalence

Most of the information about the prevalence of
asthma worldwide originates from a series of re-
peated cross-sectional studies of the prevalence
of asthma symptoms and other allergic diseases

(e.g. rhinitis and eczema) (1). One of the largest
and most comprehensive studies in children was
the ISAAC study, which demonstrated a striking
variation in the prevalence of asthma symptoms
between different countries, and between dif-
ferent centres within the same country (14, 15).
The ISAAC Phase Three included more than 1.2
million children from 98 countries in all WHO
regions, with reported prevalence of asthma in
6-7-year-old children ranging from 2.4% in Jodh-
pur, India to a staggering 37.6% in Costa Rica (14,
15). In some countries the prevalence increased, in
others it plateaued, whilst in some the numbers of
affected children decreased. For example, the prev-
alence had increased by 0.16% per year in Africa,
0.32% per year in Latin America, and 0.07% per
year in the Asia/Pacific region, and had decreased
by 0.07% per year in Western Europe (14, 15).

Another important finding from ISAAC sur-
veys was the increased prevalence of severe asth-
ma in LMICs, with substantial morbidity and eco-
nomic costs (15). These findings were confirmed
in other studies. For example, a recent study from
Uganda, found that in a cohort of 449 children
and adults with asthma who were followed for two
years, 59.6% of patients with asthma experienced
at least one exacerbation in a year, while almost a
third experienced three or more exacerbations in a
year (16). In Senegal, Hooper and colleagues (17)
reported that 62% of children with asthma had
severe symptoms. These studies demonstrated an
unacceptable level of poor outcomes among pa-
tients with asthma in some LMICs and urged for
a change.

One issue to take into account is that many
factors influence the clinical diagnosis of asthma
in different populations. For example, definition
of asthma might not be the same everywhere,
and the awareness of asthma symptoms, medical
training, experience, cultural and social factors
may differ as well. Further efforts are currently be-
ing made to continue monitoring asthma preva-
lence and severity globally for both children and
adults. For example, the Global Asthma Network
(GAN)  (http://www.globalasthmanetwork.org/)
was established in 2012 to regularly collect data on
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asthma prevalence, severity and risk factors. GAN
phase I is expected to report the current preva-
lence of asthma symptoms worldwide by 2020.

Asthma Mortality

The Global Burden of Disease estimated that
420,000 deaths occurred globally from asthma in
2016 (2). Although asthma prevalence is higher
in HICs, most asthma-related mortality occurs in
LMICs. Also, it should be noted that there are dif-
ferences in mortality time trends between adults
and children. For example, in the United States,
the overall asthma-related mortality has declined
from 1999 to 2015, but the mortality rate among
children aged 1-14 years has not changed (11).
Unfortunately, information is scarce on paediatric
asthma mortality in LMICs.

In a recent analysis which included children
and adults from 46 countries (mainly high- and
middle-income), the estimated global asthma
mortality rates did not change over the past de-
cade (10). The important finding of this study
was that asthma mortality significantly reduced
from 1993 to 2006 (0.44 to 0.19 deaths per 100000
people), but there were no further improvements
since 2006, with the global asthma mortality re-
maining unchanged. As reported by others, it is
likely that the reduction in asthma mortality in the
1990s through the 2000s was primarily due to the
increase in use of the anti-inflammatory asthma
treatments (particularly inhaled corticosteroids)
(18). However, it is of concern that in the last 15
years, no further gains have been made.

Environmental Exposures and Other Risk
Factors Associated with Poor Asthma
Outcomes in Children in LMICs

Variability in the prevalence of asthma between
countries and the increasing prevalence in the last
few decades suggest that environmental exposures
have an important role on asthma occurrence (19).
Many risk factors which are amenable to interven-
tion have been identified within LMICs, including
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active smoking and environmental tobacco smoke
(ETS) exposure, indoor and outdoor air pollution
(such as biomass fuel), allergen exposure and over-
use of antibiotics (20-23). Moreover, other factors
related to poverty, including high-risk conduct ex-
posures, early respiratory viral infections, dietary
factors and urbanization may be determinants of
the trends of increased asthma prevalence. For ex-
ample, in an ecological study in Ecuador, Rodri-
guez et al. (23) showed that prevalence of asthma
increased with increasing levels of urbanization.
However, data from Ghana suggest that rather
than urban living per se, it is affluence and west-
ernized lifestyle that are associated with higher
risk (24-26). In Brazil, better asthma outcomes
(reduced hospital admission and mortality) were
associated with living in an urban environment,
possibly due to the better access to health care and
free ICS supply (27). Although this rural-urban
gradient in asthma remains poorly understood, it
could be due to levels of outdoor and indoor pollu-
tion, microbial or parasitic infections, or changes
in lifestyle (e.g. diet).

Indoor Air Pollution

WHO estimates that more than 3 billion people
rely on solid fuels as a source of energy, contribut-
ing to indoor air pollution. Passive exposure to to-
bacco smoke and indoor biomass combustion are
considered the most important sources of indoor
pollution which may be relevant to the develop-
ment of childhood asthma. Prevalence of ETS ex-
posure in developing countries varies significantly
from 10 to 60%. In most countries, active smoking
is common and may be due to cultural factors, lack
of regulation and poor law enforcement. In utero
maternal smoking and postnatal exposures to cig-
arette smoking are associated with asthma devel-
opment and asthma morbidity in childhood (28).
Coal and wood combustion indoors have been re-
ported to increase the risk of upper and lower re-
spiratory infections in infants and preschool chil-
dren, and may also be associated with increased
asthma prevalence (2). Analysis of global ISAAC
data reported an association between open-fire
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cooking and asthma symptoms in both children
aged 6-7 years and those aged 13-14 years (29). In
Guatemala, indigenous children exposed to open
fire for cooking had a higher prevalence and sever-
ity of asthma symptoms (30).

Outdoor Air Pollution

Outdoor pollution from motor vehicles, very com-
mon in urban areas, is associated with persistent
respiratory symptoms and higher prevalence of
asthma (31-34). A study in Puerto Rico showed
joint detrimental effects of vitamin D deficiency
and traffic-related air pollution on severe asthma
exacerbations (35). In a recent meta-analysis,
Orellano et al found that living in a polluted envi-
ronment in Latin America and the Caribbean was
associated with higher rates of asthma in children
(31). In 2019, several large studies linked air pol-
lution to poor lung function (36), increased risk of
asthma deaths (37) and high risk of asthma devel-
opment (38). A study in China on >7,000 asthma
deaths between 2013 and 2018 found that short-
term exposures to fine particulate matter <2.5 mm
in diameter (PM,,), NO,, and O, increased mor-
tality (37). Among asthmatic children in Peru, air
pollution adversely affected asthma control and
quality of life (39, 40). Finally, perinatal exposure
to ambient ultrafine particles (<0.1 mm diameter)
has been linked to the onset of asthma in children
(independent of PM,, and NO,) (38). Air pollu-
tion may interact with other indoor environmen-
tal exposures. For example, ambient air pollutants
and indoor endotoxin exposure act synergistically
to increase increased emergency room visits for
asthma in both children and adults (41). Impor-
tantly, the adverse health effects were apparent at
concentrations below current standards in HICs,
suggesting that air quality standards will need to
be strengthened if we are to protect patients with
chronic lung diseases (42), and emphasise the need
for developing and implementing effective policy
measures in LMICS, which are most affected by
rising pollution (12, 43).

Allergen Exposure

Although sometimes considered a less important
contributing factor for asthma prevalence in some
regions of LMICs (44), atopy is high in most Latin
American countries. Using data from phase two
of the ISAAC study, Weinmayr et al. (44) found
that the association between current wheeze and
skin prick test positivity was statistically signifi-
cant in both affluent (OR 4.0, 95%CI 3.5-4.6) and
non-affluent (OR 2.2, 95%CI 1.5-3.3) countries.
Exposure to common allergens is one of the trig-
gers for developing asthma symptoms, but its re-
lationship to asthma development is unclear (45).
Allergens originate from a wide range of sources,
including house dust and storage mites, animals,
indoor moulds and cockroaches. Exposure to in-
door allergens has been associated with asthma
symptoms, airway hyperresponsiveness and severe
asthma exacerbations in several cross-sectional
studies in LMICs (46, 47). In a study performed
in Costa Rica, we studied 403 asthmatics (ages be-
tween 6 and 14 years) who were carefully assessed
using symptom questionnaires, spirometry, mea-
surements of serum total and allergen-specific IgE,
peripheral blood eosinophil count, and body mass
index, and the assessment of airway responsive-
ness to methacholine. In a multivariate analysis,
parental report of mould exposure in the house,
low FEV1/FVC ratio, and a positive IgE response
to house dust mite were strongly associated with
airway hyperresponsiveness to methacholine (46).
In a cross-sectional study in Puerto Rico, Blatter
et al. (48) found that among children with asthma,
those with the highest exposure to glucan (a com-
ponent of fungal cell wall) had much greater odds
of one or more visits to emergency room for acute
asthma symptoms (OR 8.7, 95%CI 2.7-28.4).

Diet and Obesity

Changes in diet and increasing obesity have been
related with the increase of asthma prevalence
worldwide. Vitamin D deficiency has been as-
sociated with asthma in several LMICs (49, 50).
Among 616 school-aged Costa Ricans with asth-




ma, low vitamin D level (28% of children with lev-
els of vitamin D <30 ng/ml), was associated with
increased odds of asthma-related emergency de-
partment visits or hospitalizations in the previous
year (50). This was also the first epidemiological
study to demonstrate an association between low
vitamin D levels and increased serum IgE and eo-
sinophil counts (50). Other studies which focused
on dietary patterns have shown that fast food or a
“Western” dietary pattern is associated with higher
risk of asthma presence, and also asthma severity.
Overweight and obesity are common in LMICs,
particularly in Latin America, where recent stud-
ies suggested a prevalence between 16-36% among
children (51). Similar to HICs, overweight and
obesity in LMICs have been associated with asth-
ma presence and severity (52, 53).

Socioeconomic Factors

Socioeconomic factors and poverty play important
role in asthma control. Among children of differ-
ent Latino ethnicities, girls from low-income fami-
lies had lower adherence to inhaled corticosteroids
(ICS) over a 12-month period, and Puerto Rican
children had poorer outcomes than Mexican (54,
55). Worryingly, less than a quarter of children
were adherent with treatment. Low income and
other social determinants result in poor access to
care, low accessibility to essential basic therapy,
and wide disparities in health care (56). However,
additional issues besides access to healthcare and
availability of asthma medications may contribute
to high asthma burden in underserved popula-
tions, including psychosocial stressors, behav-
ioural risk factors, poor medication adherence,
underuse of primary care providers, but overuse
of emergency health services, increased school
and work absenteeism and increase in general
morbidity and mortality (57, 58). For example in
a cohort of 98 children from low income families
in Brazilian rural area, Jentzsch et al. (59) showed
that compliance to recommendations to reduce or
minimize allergen and/or trigger factor exposure
was achieved in less than 9.2% of patients. More-
over, in HIC, socially disadvantage paediatric pa-
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tients have elevated asthma morbidity as a result
of socio-economic status, minority affiliation, psy-
chosocial stress and high adverse environmental
exposures (60).

Managing asthma in poor or disadvantaged
population can be challenging and is often asso-
ciated with worse outcomes. However, interven-
tions to address some modifiable factors in these
population are possible and have had good results.
Examples of these interventions include asthma
education and self-management, environmen-
tal control in the home, culture-specific asthma
programs, school-based programs, home visits by
health workers (e.g. nurses, doctors, social work-
ers), tobacco smoke cessation or a combination of
the above (18, 61).

Difficulties in Asthma Care in LMICs

It has been recognized that management of asth-
ma is a difficult task in HICs, and even more so in
LMICs. As most other common non-communica-
ble diseases, asthma represents a challenge to pub-
lic health because of its high prevalence, increasing
severity, projected trends, and economic burden.
The financial impact for persons with asthma and
their families, as well as for healthcare systems and
governments, is very high. At the same time, most
LMICs face communicable diseases such as pneu-
monia, tuberculosis, dengue, HIV and other infec-
tious diseases.

Amongst many obstacles to good disease con-
trol, we wish to highlight the lack of education
about asthma, issues related to medication avail-
ability and delivery, cultural barriers, and low pri-
ority by health authorities. Global asthma guide-
lines have played an important role in raising the
awareness of childhood asthma and improving
diagnosis and management in LMICs. However,
most asthma guidelines are long and complex,
making them difficult to implement in the health-
care systems already overstretched by the pressure
of communicable diseases. To be effective in re-
ducing the burden of asthma, guidelines must be
relevant to the specific population, must be cultur-
ally acceptable, and must be adapted to each health
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system formalized with political engagement and
commitment. Various national and/or regional
asthma strategies in LMICs have emphasised as-
pects which are of relevance to specific areas or
countries, including the medication access and af-
fordability, specific environmental exposures, lack
of asthma education, co-morbidities, and psycho-
logical problems (62).

Similar to other chronic diseases such hyperten-
sion and diabetes; asthma control is not achieved
in most patients, despite available management
guidelines. A survey performed in 11 countries in
Latin America showed that only 2.4% of patients
met all of the GINA criteria for total asthma con-
trol, suggesting under-recognition of uncontrolled
asthma, underuse of appropriate controller treat-
ment, inadequate patient education, and patient
denial as possible explanations (63). Since the de-
velopment of worldwide guidelines on the diagno-
sis and management of asthma, special attention
on achieving and maintaining asthma control as
the key goal in asthma treatment has been a prior-
ity. In clinical studies of children with asthma in
LMICs, the most cost-effective intervention for
improving asthma control and preventing acute
exacerbations is emphasis on the use and avail-
ability of controller medications, such as ICS for
mild asthma, with the addition of long-acting -2
agonist for moderate asthma (18).

Comprehensive approaches such as develop-
ing models for highly cost-eftective, affordable and
feasible interventions are critical for asthma con-
trol. Unfortunately, there is limited information on
the impact of population-based interventions for
asthma control, but some studies from LMICs in-
dicate it may be cost-effective. Public health efforts
have improved management in some countries. In
Brazil, an ecologic study showed that municipali-
ties which were offering free medication for asthma
had lower hospital admission rates and lower mor-
tality from asthma (64). In a study in Costa Rica,
a marked decrement in hospitalizations (53%) and
mortality (80%) was seen following implementa-
tion of the National Asthma Plan (NAP) and the
use of beclomethasone as an affordable preventive
medication (18). This NAP consisted of education

meetings at all major public (both urban and ru-
ral) healthcare centres, which facilitated early di-
agnosis, implementation of non-pharmacological
measures (smoking ban, adherence, reduction of
indoor allergens), early treatment using ICS as
first-line therapy for asthma control, the use of
spacers, early use of reliever medication to treat
exacerbations, appropriate referral to specialists
for asthma care, and avoidance of common aller-
gen sources (e.g. dust-mite and cockroaches) or
tobacco smoke.

Despite undeniable fact that effective national
asthma strategy results in a reduction of the bur-
den of asthma on society as a whole, many coun-
tries lack such program. This problem has been
highlighted by the recent email survey of inves-
tigators from 112 countries which participate in
the Global Asthma Network. Of the 112 countries,
only 26 (23.3%) had a national plan for children,
24 (21.4%) had a national asthma plan for adults,
and 22 (19.6%) countries had a strategy for both
children and adults. Unfortunately, the proportion
of LMICs with a strategy was lower than that in
high-income countries (62).

Development and Implementation of
Asthma Guidelines in LMICs

The development and implementation of asthma
treatment guidelines can be expensive and chal-
lenging. Figure 1 illustrate most components that
should be included in an asthma strategy to achieve
better outcomes. Guidelines should include real-
istic recommendations on how to improve early
detection of asthma symptoms, control of envi-
ronmental risk factors, and provide mechanisms
of access to effective anti-inflammatory treatment.

Many obstacles are faced by LMICs in imple-
menting asthma guidelines. Table 1 lists most bar-
riers that have to be overcome by these countries in
order to achieve better outcomes and decrease the
economic and social burden of asthma. Although
some problems may be unique to particular coun-
tries, most LMICs share similar barriers to asthma
management. Thus, collaborative public health
and research efforts could have a major impact at




a regional level. Such efforts should include vigor-
ous campaigns to control and eliminate tobacco
use, asthma education and non-pharmacological
interventions (e.g. replacing biomass fuels, reduc-
ing allergen exposure, psychological support and
weight loss).

One of the most important issues is the avail-
ability and affordability of essential asthma medi-
cations. Optimal asthma care requires universal
access to medications, and yet many asthmatics in
LMIC:s or in the underserved population in HICs
have difficulty accessing necessary medications. In
a cross-sectional study conducted in 52 countries,

Goverment
Commitment

Asthma
research

Successful
Asthma
Program

Follow-up
programs

Effective
networking

between
general
practitioners,
nurses and
pharmacists
Improving
quality of
medical

services

Improving

diagnosis
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huge variability was found in affordability across
countries. In this study, the availability of ICS was
particularly low, with some countries subsidizing
the asthma medicines thereby making them free
or less expensive to patients, but other increasing
their price. Many patients have only access to a
bronchodilators, and those who may benefit from
affordable ICS such as beclomethasone, can spend
between half a day’s wages to even 14-days wage
for one inhaler device (65). We would argue that
cheap inhaled anti-inflammatory agents (e.g. be-
clomethasone) should be available free of charge
for children with asthma in LMICs.

Access to
medical care

Access to
essential
medications

Asthma
education

Implementatio
n asthma
guidelines

Reducing
tobacco and
other
environmental
factors

Figure 1. Components of a Successful Asthma Program; Adapted from (66, 67).
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Table 1. Barriers for Asthma Control and National Asthma

Strategies Implementation Adapted from The Global
Asthma Network Report 2018 (2)

Disease inherent barriers

Underdiagnosis
Undertreatment or inadequate treatment

Lack of adherence

Environmental

Air pollution (both indoor and outdoor pollution)
Tobacco smoke

Occupational triggers

Healthcare system

Low public health priority

Low rates of strategies dissemination

Lack or weak health system infrastructure

Poor access and distribution of asthma medications
Inadequate governmental resources for asthma care

Lack of continuing medical education and training systems

Patient barriers

Lack of information

Over-reliance on acute medication (e.g. SABA)
Use of unproven or alternative therapies
Cultural and social problems and beliefs

Medication beliefs

Conclusions

Asthma burden in LMICs is high and continues to
increase. Whilst there are ongoing efforts to devel-
oping novel (often expensive) therapies targeting
patients in high-income countries, a great impact
can be achieved by improving asthma control,
preventing asthma attacks, and decreasing asthma
burden in LMICs. Reasons for inadequate asthma
control in underserved populations include low
accessibility of effective controller medications,
weak infrastructure of health services for the man-
agement of chronic diseases, poor adherence to
therapy, lack of educational approaches, persistent
exposure to risk factors and social, cultural and
language barriers. Improving access to appropriate
treatment including ICS, salbutamol and spacers
should be a key goal to reduce asthma morbidity

and mortality worldwide.
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