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Educational aims

The reader will come to appreciate that:

� Pediatric asthma in low-income countries (LMICs) is increasing, causing significant burden to both children and the health system.
� In several LMICs, the prevalence of pediatric asthma is similar to that of high income countries.
� In some LMICs, local strategies for asthma treatment, which includes providing essential asthma medication, have shown promis-

ing results.
a r t i c l e i n f o
Keywords:
Childhood asthma
Low-income
Burden
s u m m a r y

Pediatric asthma has been increasing in LMICs (Low Middle-Income Countries), leading to an important
burden for both children and national health systems. Implementing measures to achieve control are
influenced by the degree of organization health systems have, the availability and affordability of essen-
tial asthma medications, and the effective implementation of asthma programs and asthma guidelines. In
this review authors give an updated view of the current situation of these components of asthma man-
agement in LMICs.

� 2018 Elsevier Ltd. All rights reserved.
INTRODUCTION

Asthma is the most common chronic disease in children world-
wide. Several studies have been published regarding childhood
asthma in low and middle-income countries (LMICs). These coun-
tries are a diverse group of nations that contrast widely in terms of
geographical dimensions, urbanization, income distribution,
infrastructure, life styles, and health systems [1]. In a number of
LMICs, public health data are difficult to obtain or are incomplete.
Furthermore, heterogeneous methodology and outcome measures
in epidemiologic studies, including individual or local (mis)inter-
pretation of key terms, such as ‘‘wheezing”, might also contribute
to variability in pediatric asthma data from LMICs [2,3]. Recently,
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a Lancet commission on asthma highlighted the wide spectrum of
the disease and the need to develop specific treatment approaches
to each type of asthma, urging a better definition of the specific air-
way disease with targeted management options in order to get bet-
ter disease outcomes [4]. This is an enormous challenge in LMICs
where health needs usually exceed available resources. Conse-
quently, it is important to understand the current epidemiology
and management strategies in LMICs, in order to develop more tar-
geted approaches for childhood asthma.

We aimed to provide and updated review on both epidemiolog-
ical information and management strategies on pediatric asthma in
LMICs. Due to the difficulties in diagnosing asthma in young chil-
dren, this review focuses on children older than 5 years of age.

We searched for publications on epidemiology and manage-
ment strategies in LMICs in PubMed and regional databases, as
well as publications and information from the Global Asthma Net-
work and the Global Initiative for Asthma. In some cases, we com-
plemented our data by searching available online country-specific
official healthcare public information and contacting their health-
care representatives by e-mail. Fig. 1 graphically depicts the ele-
ments that contribute to lower burden of asthma in LMICs.
EPIDEMIOLOGY

Undeniably, the International Study of Asthma and Allergies in
Childhood (ISAAC), has been the most important resource to pro-
vide worldwide comparable information on the epidemiology of
pediatric asthma. The ISAAC Phase 3 research included 1.2 million
children from 233 centers in 98 countries distributed in all WHO
regions [5]. The main and most consistent findings of the study
were the large variability of asthma prevalence between regions,
continents, countries, and centers in the same country. Fig. 2
depicts the worldwide prevalence of asthma in children, according
to ISAAC-3.
Fig. 1. Contributing factors to lower the b
Country-wise, higher prevalences of asthma have been usually
found in high-income countries, but also in some LMICs such as
Brazil, South Africa and Costa Rica [6]. However, the overall preva-
lence of asthma symptoms seems more severe in less affluent
nations [6] and among underprivileged communities of both devel-
oping and developed countries [7]. Local studies can illustrate this;
a recent one, from Senegal, found that 62% of children with asthma
had severe symptoms [8]. The other one, from Brazil, found that
11% of asthmatic school-age children fulfilled criteria for severe
asthma, but 22% of all asthmatics had one or two severe asthma
symptoms [9]. Other LMICs with an increased prevalence of severe
asthma symptoms in children include Costa Rica, Uruguay, Peru,
Panama, Kenya, Ethiopia and Nigeria [3].

Results from ISAAC phase 3 compared to ISAAC 1 also showed a
rising in prevalence in LMICs, mostly in Latin American countries
and some African Countries [6]. Several factors may account for
this, particularly environmental changes associated with urbaniza-
tion [10,11]. For instance, a study in 59 rural communities, from
Ecuador, found a dose–response effect of increasing urbanization
in the frequency of symptoms of asthma in children [12]; asthma
prevalence was higher in communities connected to the national
electrical grid compared to those not connected. Other important
environmental exposures to consider, common in many LMICs,
are domestic smoke-producing fuels and tobacco products, which
are well-known risk factors for asthma exacerbations and respira-
tory morbidity [2,13]. The overuse of antibiotics, not only a prob-
lem in LMICs, is now recognized as another factor associated
with an increasing asthma prevalence [14].

Data on pediatric asthma admissions in LMICs are very scarce.
One of the few studies with information from different parts of
the world found that Portugal had the lowest admission rates (<3
per 10,000) and Australia had the highest (56 per 10,000). The
information was obtained on a country-by-country basis by direct
enquiry, but authors were not able to obtain it in LMICs [15]. As
WHO recognizes, in many LMICs, statistical and health information
urden of childhood asthma in LMICs.



Fig. 2. World map of the prevalence of current asthma in children aged 13–14 years. Data from ISAAC Phase 3 reproduced with permission. Black regions on the map have the
highest prevalence of asthma in children [percent of the population].
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systems are weak, and the underlying empirical data may not be
available or may be of poor quality [15]. Admission rates for child-
hood asthma in LMICs are situated within the same wide range of
high-income countries. Admission numbers have shown a reduc-
tion over time in countries where access to essential asthma med-
ication, that is, inhaled corticosteroids (ICS) and short-acting beta
agonists (SABA) has increased through some form of subsidies
[16–18]. According to a Brazilian study, the availability of ICS
and SABA free-of-charge was the main reason that led to a reduc-
tion in asthma admissions, from 90 to 60 per 10,000 in a few years
[17]. Similarly, in Costa Rica, along a 12–15-year period, a clear
reduction in hospitalization and mortality due to asthma was seen
with the introduction, at no cost, of ICS, and the start of a national
asthma program [18]. Other studies based on national registries
have found a similar trend once ICS and SABA have become avail-
able, with some exceptions [16]. For instance, in Chile, admissions
were stable between 2001 and 2014 for children aged 10–15 years,
but it doubled in children aged 6–9 years during the same period
for unclear reasons. This may reflect the difficulty of diagnosing
and treating younger children [19].

Respiratory viruses, especially the respiratory syncytial virus
[RSV], have been described as risk factors for future asthma or
exacerbations. The ubiquitous human rhinovirus type C (HRV-C)
has recently gained particular attention for its association with
subsequent asthma. For instance, a recent study from Costa Rica
showed that HRV is a very important risk factor for exacerbations
in previously sensitized asthmatic children, when compared to a
non-sensitized group [20]. Unfortunately, virus monitoring is not
common in LMICs to plan, prepare or promote better preventive
measures against virus transmission.
When it comes to important asthma comorbidities, allergic
rhinitis represents an additional unrecognized concern [21,22],
since it is a well-known risk factor for poor asthma outcomes
and up to 80% of asthmatic children and adolescents suffer from
it. In LMICs, however, nasal corticosteroids are less frequently
available as essential medicines, compared to ICS and SABA. The
lack of nasal corticosteroids increases the number of emergency
department visits and hospitalizations for asthma [23]. Different
than rhinitis, obesity is an inflammatory, non-respiratory comor-
bidity affecting asthmatic adults, children and adolescents [24]. It
has independently but steadily increased over recent decades, in
both high-income countries and in LMICs [25] and a bi-
directional causal relationship has been found between them
[26]. Obesity is a risk factor for developing asthma and for more
severe asthma, and asthma is also a risk factor for obesity in pedi-
atric subjects. A recent national-level study in Brazilian adoles-
cents even found that severe asthma is clearly associated with
the metabolic syndrome [27]. These complex relationships
between asthma, obesity and metabolic imbalance are not yet
clearly understood, highlighting the need for more studies to
investigate the epidemiological impact of this association. Other
co-morbidities, such as anxiety, mood disorders or gastroe-
sophageal reflux disease are beyond the scope of this review.

Asthma mortality is a rare event in children, worldwide. The
ISAAC study (Phase 3) provided relevant and specific pediatric
asthma mortality information along 2 different points in time from
countries in most continents. It found that child mortality, similar
to adults, showed a decrease in time but, also, that mortality esti-
mates in children are directly associated with severe asthma symp-
toms. Similarly, it found that numbers vary among LMICs with
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values as low as 0.01 per 1,000,000 (Chile) and as high as 0.44 per
1,000,000 (Panama), with middle values for Costa Rica, Mexico and
Thailand [16]. Unfortunately, the study summarizing worldwide
mortality data is a decade old, and updated information on both
actual and mortality trend is lacking.

Recently, the Global Asthma Report 2014 found a higher age-
standardized asthma mortality rate, for ages 5–34 years, in LMICs,
compared to high-income countries [28]. Nonetheless, the specific
contribution of children and adolescents to those numbers is diffi-
cult to establish through mortality statistics, which include them
in the same group with younger adults. Two studies from Brazil
exemplify this confusion; the first study found a mortality rate of
0.47 per 1,000,000 in 2007 (age group 5–34 years) [29] while the
other found a mortality rate of 0.15 per 1,000,000 (age group 5–
19 years) for the same year [30]. Therefore, care should be taken
when interpreting mixed child–adult data.

ASTHMA TREATMENT: (STILL) AN UNMET NEED

To reduce the life-long burden of asthma by lowering the risk of
exacerbations, and the risk for hospitalization, efforts should be
intensified on ways to improve the control of asthma symptoms.
A relevant and critical issue related to asthma among LMICs is
the availability and affordability of essential asthma medications
[31]. According to global estimates, medicines account for over
50% of health spending in LMICs, up to three times more than
high-income countries. For the majority of the population in devel-
oping countries, medicines come second to food in family expendi-
tures [32]. Among the 300 million people that suffer from asthma
worldwide, many have difficulties in accessing essential asthma
medicines. In terms of affordability, a study fromMexico estimated
the amount a patient with controlled asthma would spend per year
was approximately 1.7 times a monthly minimum wage. In cases
of uncontrolled, severe asthma, these figures could rise to six times
the minimummonthly wage [33]. In terms of medication availabil-
ity, a study that included 52 LMICs found that 37 (71%) did not
have SABA and/or ICS on their list of essential medicines, as recom-
mended by the WHO [34]. The same study demonstrated that, at
retail-pharmacies, generic ICS were available in 19% and 46% of
public and private hospitals, respectively. The cost of a single
beclomethasone inhaler device (100 mcg/dose) was rather expen-
sive: from half a day’s wages (Afghanistan), to over 5 days of work
(El Salvador, Ethiopia, Madagascar and Malawi), or even to 14 days
of work (Madagascar) [34]. There are successful initiatives toward
offering asthma medication at lower costs under universal health-
care policies. These policies can have an important impact on both
asthma control and the economy of the involved families as well.
That was the case for a group of severe asthmatic patients seen
in follow-up at a tertiary-care center in Brazil whom were given
medicines and multidisciplinary care at no cost. After one year of
follow-up, their family net income had recovered the equivalent
to seven times the minimum wage, considering the reduction in
both, parent’s lost days of work, and the savings in asthma
expenses [35]. In contrast, a study in the U.S.A. found that, when
co-payments doubled, patients with asthma reduced their medica-
tion by 32% [36]. It has been demonstrated that an irregular supply
of asthmamedicines due to affordability issues, leads to higher risk
for non-scheduled emergency visits, hospitalization and school
absenteeism in asthmatic children [37].

Increasing access to proper treatment in LMICs is feasible and
cost-effective, reducing direct and indirect costs and increasing
patient’s productivity and quality of life. How this access (availabil-
ity and affordability) is achieved within LMICs, differs among
sub-region and healthcare system. In approximately half of Latin
American countries, the universal healthcare coverage model
prevails. They provide salbutamol and beclomethasone to asth-
matic patients, either once a prescription has been filled (Brazil,
Costa Rica) or only after the diagnosis has been confirmed by a
physician and through a specific formulary (Chile). Access to regu-
lar follow-up is also crucial to achieve adequate asthma control. All
asthmatic children should have regular consultations, and those
with severe asthma should be seen more frequently. Questions
related to asthma control should be reviewed at each visit, and
lung function tests should also be requested if available. Spacers
are mandatory in children, to achieve an adequate medication
delivery to the lungs using metered dose inhaler [MDI]-based
drugs. The use of spacers, however, adds further costs, either to
the health system, to the families or both. Very few LMICs offer
spacers, at reduced or no cost, along with asthma medication. Par-
ents must buy them or improvise them at home. Well-constructed
valve spacers are the best option, although studies have proven
that a low-cost adapted plastic bottle-spacer could reasonably sub-
stitute commercial ones [38]. Unfortunately, scarce data on these
additional but fundamental aspects of asthma management (i.e.,
frequency of visits, lung function testing and spacers) is available
from LMICs.

NATIONAL ASTHMA STRATEGIES, ASTHMA GUIDELINES, CLINICAL
PATHWAYS AND INTEGRATED CARE GUIDELINES: NOT MANY IN
PLACE, NOT MANY IN USE

From the public health standpoint, population-based Asthma
Control strategies have demonstrated the greatest impact on
reducing the burden of asthma [38].

Global guidelines for asthma are available and can be adapted
to the local context. The International Union Against Tuberculosis
and Lung Diseases (IUATLD) Asthma Guidelines, and the GINA
guidelines are used in several LMICs [39] but must be adapted to
the local and cultural situation [40], and medications must be
available and/or affordable. Moreover, guidelines have been based
mostly, on clinical trials carried out in high-income countries. It is
important to note that the IUATLD asthma guidelines, since its
inception, have positioned for less affluent countries. They have
included an approach based on effective practices with tuberculo-
sis case-management, adapted to asthma, and have progressively
added successful local experiences to the newer editions of the
guidelines; unfortunately, the last edition was published in 2008
[41].

Developing or fully updating evidence-based guidelines is a
time and resource-consuming task as is the implementation of
them. A few LMICs have followed the lead and adapted interna-
tional guidelines (mostly GINA’s) or developed their own, while
others have given some importance to asthma care within the Inte-
grated Management of Childhood Illness program (respiratory dis-
eases module), focusing only on acute care [42]. Some LMICs have
promoted, at primary care level, the use of the Integrated Manage-
ment of Adolescent and Adult Illness [43], the use of integrated
care pathways (which include multidisciplinary care plans) [44],
and non-disease specific respiratory guidelines (to optimize the
opportunity of identifying other prevalent respiratory diseases)
[45]. The South African experience with this different approach
to traditional asthma care is very promising [45], albeit the
methodological quality of its guidelines has raised concerns [46].

According to the Global Asthma Network public registry, from a
list of 124 LMICs [1], only thirty-two countries (25,8%) have in use,
at least, one pediatric asthma management guideline developed at
national level [47]. Unfortunately, most were published more than
5 years ago and have not been updated. LMICs are distributed in 11
geographical sub-regions, and South America is the one with a
greater proportion of guidelines (8 guidelines in 10 countries),
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and both Central Africa and the Caribbean are sub-regions without
a single guideline [1,47]. Although these numbers, based on pub-
lished information, may be outdated, the number of guidelines is
far from optimal.

Despite the importance of asthma guidelines, the existence of a
national asthma program or strategy can really make the differ-
ence. However, only five developing countries (4%) have them in
place. In larger LMICs, there are some successful local strategies
(city, district or province level), without reaching a country-wide
impact. The city of Salvador (Bahia, Brazil) [48], and the Anhui Pro-
vince, China [49], are two examples of bigger geographical areas
with their own asthma strategy. The former was locally developed
and maintained, and the latter was financed by the World Bank
and supported by the IUTLD and local authorities. Smaller cities
can also achieve good outcomes with an asthma program; a study
in Itabira (Brazil), found a significant difference in emergency visits
and regular use of ICS in asthmatic children within the city asthma
program, compared to those not in the program [50]. Table 1 lists
the number of asthma guidelines and/or asthma programs by
LMICs sub-regions [1].

Two other studies illustrated difficulties and successful experi-
ences of implementing asthma guidelines/programs in LMICs dur-
ing the last decade [52,53]. The experiences in Benin [54] and
Sudan [55], supported by the IUATLD and the World Bank, demon-
strated that political will, an outcome-oriented plan, education
(healthcare providers and patients alike), and availability of both
low-cost ICS and SABA can achieve important health improve-
ments in asthmatic patients. Other experiences have not been suc-
cessful due to physician-related barriers, patient mistrust on
continuous medication and lack of government strategic support
[52,50]. To tackle these difficulties requires intense, persistent
and concentrated efforts not always found in developing countries
[56,57].

The lack of an asthma management program/strategy in many
LMICs contributes to an insufficient registry of both prescription
patterns and patient characteristics. This is particularly important
in the outpatient setting as it makes implementing and proving
cost-efficient improvements in asthma care more challenging if
there is a lack of baseline information from which to benchmark
change. Inadequate training in the diagnosis and management is
common, resulting in overuse of some drugs, such as oral corticos-
teroids or salbutamol, underuse of ICS and spacers, and poor
emphasis on the patient’s asthma education [58,59].
Table 1
Number of Asthma Guidelines and Pediatric Asthma Programs in LMICs by
geographical sub-region.

Continent regions Number of
Countries

Number
of Asthma
Guidelines

National
Asthma
Strategy/Program

Africa
North Africa 7 1 0
Southern Africa 11 1 0
Central Africa 7 1 0
East Africa 12 2 0
West Africa 15 1 0

Asia
East Asia 22 4 0
South Asia 9 1 1
Western Asia 13 1 1

Latin America/Caribbean
Caribbean 8 0 0
Mexico/Central America 6 2 2
South America 11 6 1

Source derived from: [1,47,51].
CONCLUSION

The high burden of childhood asthma worldwide is more pro-
nounced in LMICs and strategies to strengthen diagnosis and man-
agement should be implemented. Successful initiatives should be
followed or adapted accordingly, guidelines and essential asthma
medicines, ICS, SABA and spacers, should be provided universally.
Health professionals should have access to continued education
to appropriate asthma management.
DIRECTIONS FOR FUTURE RESEARCH

� Epidemiological studies on asthma admissions and mortality in
children from LMICs.

� Studies on efficacy of asthma programs adapted to LMICs.
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