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The availability, cost, and affordability of essential medicines
for asthma and COPD in low-income and middle-income
countries: a systematic review

Marie Stolbrink, Helen Thomson, Ruth M Hadfield, Obianuju B Ozoh, Rebecca Nantanda, Shamanthi Jayasooriya, Brian Allwood,
David M G Halpin, Sundeep Salvi, Maria Montes de Oca, Kevin Mortimer*, Sarah Rylance*

Summary

Background Asthma and chronic obstructive pulmonary disease (COPD) cause a considerable burden of morbidity
and mortality in low-income and middle-income countries (LMICs). Access to safe, effective, quality-assured, and
affordable essential medicines is variable. We aimed to review the existing literature relating to the availability, cost,
and affordability of WHO'’s essential medicines for asthma and COPD in LMICs.

Methods A systematic review of the literature was done by searching seven databases to identify research articles
published between Jan 1, 2010, and June 30, 2022. Studies on named essential medicines for asthma and COPD in
LMICs were included and review articles were excluded. Two authors (MS and HT) screened and extracted data
independently, and assessed bias using Joanna Briggs Institute appraisal tools. The main outcome measures were
availability (WHO target of 80%), cost (compared with median price ratio [MPR]), and affordability (number of days
of work of the lowest paid government worker). The study was registered with PROSPERO, CRD42021281069.

Findings Of 4742 studies identified, 29 met the inclusion criteria providing data from 60 LMICs. All studies had a low
risk of bias. Six of 58 countries met the 80% availability target for short-acting beta-agonists (SABAs), three of
48 countries for inhaled corticosteroids (ICSs), and zero of four for inhaled corticosteroid-long-acting beta-agonist
(ICS-LABA) combination inhalers. Costs were reported by 12 studies: the range of MPRs was 1-1-351 for SABAs,
2-6-340 for ICSs, and 24 for ICS-LABAs in the single study reporting this. Affordability was calculated in ten studies:
SABA inhalers typically cost around 1-4 days’ wages, ICSs 2-7 days, and ICS-LABAs at least 6 days. The included
studies showed heterogeneity.

Interpretation Essential medicines for treating asthma and COPD were largely unavailable and unaffordable in
LMICs. This was particularly true for inhalers containing corticosteroids.
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Introduction

The prevention and control of non-communicable
diseases (NCDs), including asthma and chronic
obstructive pulmonary disease (COPD), was established
as a global priority by the UN General Assembly at a high-

treat major NCDs, which means presence of the medicines
in 80% of both public and private facilities. Sustainable
Development Goal target 3.8 calls for universal health
coverage by 2030, with access to safe, effective, quality, and
affordable essential medicines for all.

level meeting in 2011." Asthma and COPD cause a
substantial and growing burden of morbidity and
mortality worldwide and perpetuate poverty, with people
disproportionately affected across their life course in low-
income and middle-income countries (LMICs).>* Access
to effective treatment is central to NCD management,
reflected in targets set out in WHO’s Global Action Plan
for the prevention and control of NCDs and in the UN’s
2030 Agenda for Sustainable Development.’ WHO'’s
Global Action Plan includes a voluntary target of
80% availability of the essential medicines required to
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WHO’s model list of essential medicines provides
guidance for governments on medicines that meet the
priority health-care needs of the population, are safe,
efficacious, and cost-effective.*” Medicines on the list
should be available at all times in adequate amounts.
Inhaled therapies (short-acting beta-agonists, muscarinic
antagonists, and corticosteroids) are essential for the
acute and long-term management of asthma and COPD
and are included on WHO’s model list of essential
medicines and in WHO’s package of essential NCD
interventions.”® The focus of treatment shifted to inhaled
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Research in context

Evidence before this study

Medicines account for half of households’ out-of-pocket health
expenditure in low-income and middle-income countries
(LMIGs). Previous studies in LMICs have shown scarce
availability and affordability of essential medicines for asthma
and chronic obstructive pulmonary disease (COPD) in some
countries. Previous publications have often focused on specific
regions or countries. A contemporary systematic review of the
literature to determine availability and affordability of specific
essential medicines for asthma and COPD in LMICs globally has
not been done.

Added value of this study

This study found, from the little data available, that the
availability and affordability of essential medicines for treating
asthma and COPD in LMICs was inadequate. Short-acting beta-
agonists were the most obtainable and affordable category of
medicine, but still did not reach the WHO target of 80%

medicines in 2011 when oral salbutamol was removed
from the modellist of essential medicines. Corticosteroids
are also essential components in the management of
asthma and COPD exacerbations.*™ Smoking cessation
therapies, oxygen, vaccinations, and antibiotics are also
listed on the model list of essential medicines; however,
these are outside the scope of this review.

Asthma and COPD can be treated effectively with
WHO'’s essential medicines, but access to these is scarce
in LMICs." Overall, medicines account for half of
households’ out-of-pocket health expenditure in LMICs."”
The International Union Against Tuberculosis and Lung
Diseases (The Union) developed the Asthma Drug
Facility in 2005, with the aim to improve access to
affordable and quality-assured inhalers through pooled
procurement, prequalification, and competitive pricing.”
In addition, The Union provided technical assistance to
strengthen asthma management in health systems, and
drug storage and distribution. The programme was
discontinued in 2013 due to low demand, scarcity of
political commitment, and few local disease management
strategies. Within the global NCD agenda, progress was
made towards improving access to some medicines in
2021, with a resolution on diabetes care at the 74th World
Health Assembly and announcement of The Global
Platform for Access to Childhood Cancer Medicines.**

Comprehensive and contemporary data on the
availability, cost, and affordability of essential medicines
for asthma and COPD in LMICs globally are needed to
inform the debate. There was wide variation in the
availability and cost of essential medicines in the single
systematic review that focused on sub-Saharan Africa.*
Analysis of 30 surveys submitted to the WHO-Health
Action International (HAI) database showed that
medicines for COPD were both available and affordable
in 35% of LMICs at best.” A systematic review of the

availability, and cost more than 1 day’s wage of the lowest paid
government worker. Inhalers containing corticosteroids—the
essential cornerstone of asthma treatment—were particularly
poorly available or affordable.

Implications of all the available evidence

Essential medicines for the treatment of asthma and COPD in
LMICs are not available or affordable in countries where this has
been studied. WHO's Global Action Plan targets for availability,
cost, and affordability of essential medications are not being
met. There is a paucity of data globally. Further standardised
and validated evidence is required, particularly in southeast
Asia, Latin America, and the western Pacific. Addressing access
to low-cost essential medicines for COPD and asthma in LMICs
is a pressing priority given the increasing disease burden. There
is an urgent need for coordinated multistakeholder action to
improve access to these essential medicines in LMICs.

available data on the availability and affordability of
essential medicines for asthma and COPD in all LMICs
will identify gaps and guide future clinical, research, and
political priorities.

Methods

Search strategy and selection criteria

We did a systematic review of the literature in accordance
with PRISMA guidelines on the availability, cost, and
affordability of essential medications for chronic
respiratory diseases in LMICs. This study was registered
with PROSPERO, CRD42021281069.

In this systematic review, Medical Subject Headings
and free text words covering the following concepts were
used: chronic respiratory diseases (including asthma and
COPD), essential medicine, availability, affordability,
cost, and LMICs. The full list of search terms and
their synonyms can be found in the appendix (pp 5-9).
Seven databases (PubMed, Embase, Scopus, Global
Health, CINAHL, Scielo, and Cochrane Library) and the
ISRCTN registry were searched between July 1 and
July 7, 2022. Reference lists of earlier publications on
the same topic were also screened. To capture recent
publications, abstracts of The Union, European
Respiratory Society, American Thoracic Society, Pan-
African Thoracic Society, and the Latin-American
Thoracic Society conferences from 2020 to 2021 were
screened. We also evaluated the first 100 internet search
results (Google) for “inhaler availability affordability
LMICs” and “inhaler availability policy document”.
Duplicates were removed and two reviewers (MS and
HT) independently assessed titles, abstracts, and full
texts against inclusion and exclusion criteria, and bias.
Any disagreement was resolved by a third reviewer (KM).

Inclusion criteria were original research articles with
available full text providing information on availability,
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affordability, or cost of named essential medicines for
chronic respiratory diseases in LMICs, published
between Jan 1, 2010, and June 30, 2022. There were no
language restrictions. Review articles and conference
abstracts were excluded.

LMICs were classified by their World Bank category at
the time of the study.” An essential medicine was defined
as a medicine included on WHO’s 2021 model list
of essential medicines (panel), and corticosteroids.
Availability and cost for originator brands and generic
inhalers were assessed separately if the data were available.
Originator brands are the products that were first
authorised worldwide for marketing, normally as patented
products. Availability was described as a percentage of
health facilities where a medicine was found at the time of
the study. We reported studies that met WHO’s Global
Action Plan availability target of more than 80%.° We
described cost in median price ratio (MPR), an established
method to compare prices across contexts. MPR is the
ratio of median local unit price of a medication to the
median international reference unit price.”* When MPR
was unavailable, we reported the cost of unit, defined as
the absolute cost per unit in US dollars. If cost was in local
currency only, this was converted to US dollars using the
exchange rate (via https://www.xe.com/) at the time of
the study. Affordability was assessed using WHO’s
methodology, in which a medicine is considered affordable
if 1 month’s treatment cost less than 1 day’s wage of the
lowest paid unskilled government worker.” Whenever
possible, the available data were converted into the
described parameters for availability, affordability, and
cost. When this was not possible, we reported the data as
given in the study. We contacted lead authors for any
missing information.

Data extraction and analysis

A standardised data extraction form was used to record
study characteristics, type of health-care facility,
availability, cost, and affordability of individual essential
medicines (appendix pp 53-54). We used the most recent
data if multiple data sources for the same location and
outcome were available or if studies spanned multiple
years. If the full text was a conference abstract, we
checked for peer-reviewed manuscripts by the same
group. EndNote version 20 was used to manage studies.
The accuracy and risk of bias of the publications was
assessed with the Joanna Briggs Institute Appraisal
Tool.” A narrative review was prepared.

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

We identified 4742 unique titles for eligibility screening,
308 of which met inclusion criteria and underwent
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Panel: Classes of studied essential medicines

+ Inhaled short-acting beta agonists

+ Inhaled short-acting muscarinic antagonists

+ Inhaled long-acting muscarinic antagonists

+ Inhaled corticosteroids

+ Inhaled corticosteroid-long-acting beta-agonist
combination inhalers

+ Injectable adrenaline

+ Corticosteroids

6803 records identified
6756 databases
0 ISRCTN registry
0 conference abstracts from 2020 to 2021
41 first 100 internet search results
6 citation searches

—>| 2061 duplicate records removed |

y
| 4742 titles screened |

—PI 4161 titles excluded |

v

| 581 abstracts screened |

243 abstracts excluded

> 30 reports excluded

v

308 full texts assessed for eligibility

279 reports excluded
137 abstracts only
73 drugs not on WHO's list of essential
medicines
N 52 no .data on outcome of interest
7 review articles
3 unable to find full text
3 publications before 2010
3 duplicates
1 article withdrawn from publication

y

29 studies included in review

Figure 1: Study selection

assessment of the full-text manuscript by two reviewers
(MS and HT) independently. In total, 29 studies were
included in the final analysis (figure 1). These studies
covered 60 LMICs (appendix pp 56-57). Chile was
included, because it was classed as an LMIC at the time
of the study.” Five studies considered multiple countries;
the rest considered single countries. Babar and
colleagues® reported data from 52 countries, Plum and
colleagues” from 13 countries, Gupta and colleagues*
from eight countries, Mendis and colleagues® from eight
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countries, and Egere and colleagues® from two countries.
Africa was the most analysed region (25 countries). Most
studies were cross-sectional surveys (19 of 29 studies;
table 1). Seven publications focused on pharmacy
databases.”*****#%% Two studies used surveys of health-
care professionals.”” Two reports from Jordan and
Sudan were not formally peer reviewed as they were
government briefing documents from Médecins Sans
Frontiéres.”* The two studies from Iran analysed the
situation in 2013 when economic sanctions were imposed
on the country.** One study reported only on tiotropium
and one only reported on medicines stock levels.”** In
total, 11 included studies reported from both public and
private settings, eight only considered public settings,
and three only considered private settings. The setting
was unclear in seven studies. Ten studies compared
different levels of health-care provision, 21 assessed
availability, 12 assessed cost, and 11 assessed affordability.
When individual health facilities were sampled, between
18 and 997 facilities were sampled (table 1).

The most studied inhaled medicines were short-
acting beta-agonists (SABAs; 60 countries) and
inhaled corticosteroids (ICSs; 50 countries). Inhaled
corticosteroid—long-acting  beta-agonist ~ (ICS-LABA)
combination inhalers were evaluated in seven countries
(tables 1, 2). Antimuscarinics were studied in 13 countries.

The availability of SABA inhalers was described in
23 countries but only six countries reported an availability
of 80% or more at any of their study sites (table 2,
figure 2).%7* The availability of SABA inhalers ranged
widely, from unavailable in Bhutan to 100% in Eritrea.”
One study reported that generic SABA inhalers were
more widely available than originator brands.? However,
in studies from Sudan and Nigeria, originator salbutamol
was more widely available.***# When directly comparing
public and private settings, inhaled SABAs were found
more in private settings, apart from in Sudan.* Private
pharmacies usually had the most availability compared
with other private or public facilities. Of the 22 countries
registering ICS availability, only Suriname reported that
ICSs were available in 80% or more of their study sites
(table 2, figure 2).” When ICSs were available, they were
found mostly in private pharmacies.

Three countries described the availability of ICS-LABA
inhalers but no countries reported availability in more
than 80% of their study sites (table 2, figure 2). ICS-LABA
inhalers were most readily available in Uganda (46-9%)
followed by Bangladesh (22-5%), whereas Nigeria
reported only 9-4% availability at best.*+*

The availability of long-acting muscarinic antagonists
(LAMAs) ranged from 2-3% in Nigeria to 13-0% in The
Gambia.** The availability of SABA nebules ranged
from 10-0% in Tanzania to 58-8% in Nigeria.”*"
Antimuscarinic agents were not available in several
countries including Benin, Eritrea, Bhutan, Viet Nam,
and Ghana, but were available in 30-8% of facilities in
Sri Lanka.*** The only data on antimuscarinic nebules
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Il Availability =80%
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Figure 2: Maps of reported availability of inhaled medicines in LMICs

(A) Short-acting beta-agonist inhalers. (B) Inhaled corticosteroid inhalers. (C) Inhaled corticosteroid-long-acting
beta-agonist combination inhalers. Availability means presence of inhaled medicines in 80% or more of studied
facilities. LMICs=low-income and middle-income countries.

came from Nigeria and The Gambia, where availability
ranged between 0-0% and 13-0%.%*

Cost was described by 12 studies. The cost of a SABA
inhaler for the patient compared with the MPR ranged
from 0-10 in Mozambique to 340 in Uganda.?** Generic
brands were usually cheaper than originator brands. For
example, in Nigeria, a generic brand of SABAs was
priced at US$2-70 for a month’s supply versus $4-20 for
an originator brand (table 1).*

Affordability of SABA inhalers was reported by
51 countries; 1 month of SABA cost less than 1 day’s wage

e1438

in 20 countries (figure 3).2*** SABAs were most
affordable in Chile (about 0-1 days’ wages required for
one inhaler) and Sudan (0-2 days’ wages).”* Most studies
reported that SABAs cost 1-4 days’ wages.®030/0ast
Generic brands were generally more affordable, and
drugs more affordable in public outlets.

The MPR of ICSs ranged between 0-12 in Iran and
Guinea and 340 in Uganda.”” Ten of 36 countries that
assessed affordability reported that 1 month’s treatment
cost less than 1 day’s wage (table 2; figure 3). ICSs were
generally less affordable than SABAs—eg, 107 days of
work was required to pay for 1 month of originator ICSs
in comparison to almost 9 days of work for originator
salbutamol or 4 days of work for generic salbutamol in
Guinea.? In Sudan, 1 month’s ICS treatment cost
1-4 days of work.* Most countries reported 2-7 days of
work to pay for 1 month’s treatment of ICSs.2203 3645
Generic brands were more affordable than originators.
In the one study that compared public and private outlets,
no difference was observed.*

Six studies reported cost and five countries reported
affordability of ICS-LABA inhalers. ICS-LABA
combination inhaler treatment cost more than 1 day’s
work in all (figure 3). In Brazil, the monthly cost was
$18-90.® The median lowest price for ICS-LABAs was
6-4 days’ wages in Uganda.” Treatment was most
expensive in The Gambia, where 26 days of wages was
required to pay for 1 month’s course of ICS-LABA
inhalers.*

Affordability for LAMA ranged from 4 days’ wages in
Jordan, a third of monthly income in Brazil, up to 75 days
in Nigeria, and 95 days in The Gambia.**** Ipratropium
nebules cost up to 27-3 days’ wages in Nigeria and
11 days’ wages in The Gambia, whereas SABA nebules
cost 10 days’ wages in Nigeria and 3 days’ wages in The
Gambia.*#

Availability of systemic (oral or intravenous) cortico-
steroids was assessed in 13 countries, and four countries
reported on injectable adrenaline (appendix pp 41-52).
Systemic corticosteroids were available in 89-0% of
outlets in Ethiopia and 93-3% in Viet Nam but were
unavailable in Senegal, Benin, Eritrea, and Bhutan.*”
Availability was higher in private outlets and hospitals.”*
Respiratory health-care professionals from Africa
reported that prednisolone was always available. A study
from Nigeria showed that systemic corticosteroids were
affordable, costing around 0-5 days’ wages.” Availability
of injectable adrenaline ranged between 6-1% across
Africa to 62-1% in Malawi.”* Adrenaline was affordable
in the one study from Nigeria that reported it with
0-3 days’ wages required.”

Most studies were cross-sectional observational studies
thatused various recommended WHO methodologies.**2
They had low risk of selection bias and adequate sample
sizes (appendix pp 10-12). Some studies were predisposed
to selection or recall bias as they relied on interviews or
self-administered questionnaires.?**#%#% Babar and
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colleagues® did electronic surveys in which one location
represented one country but assessed different facilities
(public and private facilities, pharmacies, hospitals, and
central medicine stores), predisposing to selection bias.

Discussion

Essential medicines for treating asthma and COPD were
largely unavailable and unaffordable in LMICs, with most
medicines not meeting WHO’s Global Action Plan target
of 80% availability and costing more than 1 day’s wage of
the lowest paid government worker. Since the 2011 UN
General Assembly high-level meeting, the availability
and affordability of these essential medicines has
been investigated by 29 studies. SABAs were the most
investigated medicine, with availability typically in the
region of 30-60%. ICSs and ICS-LABA inhalers,
necessary for long-term disease control, were generally
far less available with only one country reaching the
80% target for ICSs. Medicines were often more available
in private facilities or hospitals that would limit the access
for many people, especially those living more remotely.

The cost of medicines varied substantially between
countries; for example, the MPR for ICSs was 0-12 in
Guinea but 340 in Uganda. Affordability of medicines
also differed around the world and differed for different
classes of medicine. SABAs were most affordable, but
most studies reported costs between 1-4 days’ minimum
wage for a month’s supply. ICSs typically cost between 2
to 7 days’ wages but costs could reach up to 107 days of
work (Guinea).? Cost of ICS-LABA inhalers varied
considerably from 6-4 days’ wages in Uganda to 26 days
in The Gambia.**' The absence of universal health care
in most LMICs hinders affordability and access to
medicines, which worsens disease outcomes. In Mexico,
patients spent over US$1000 out of pocket per year on
COPD medicines, and in Nigeria 18% of families of
children with asthma reported catastrophic health
expenditure for treatment.”* In contrast, in Brazil, free
asthma care was introduced in the early 2010s and the
financial cost to the affected households decreased from
29% of household income to 2%. Moreover, the
hospitalisation rate fell from 90 per 100000 people to 60
per 100000 people.”

In contrast to ICSs, systemic corticosteroids, such as
prednisolone or hydrocortisone, needed to manage
exacerbations of asthma and COPD, were more widely
available and more affordable. Systemic corticosteroids
are used to treat other conditions, which might influence
availability. They are associated with substantial adverse
effects, including gastrointestinal bleeding, sepsis, and
pneumonia. Therefore, preventing exacerbations, and
reducing the need for systemic steroids is important.®
The over-reliance on inhaled SABAs and underuse of
ICSs are of global concern because of their negative
effect on asthma control and mortality.” The Global
Initiative for Asthma now recommends that all
adolescents and adults with asthma should always
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Figure 3: Map of reported affordability of inhaled medicines in LMICs

(A) Short-acting beta-agonist inhalers. (B) Inhaled corticosteroid inhalers. (C) Inhaled corticosteroid-long-acting
beta-agonist combination inhalers. Affordability means a month'’s treatment costing less than a day’s wage of a
lowest paid government employee. LMICs=low-income and middle-income countries.

receive ICSs in addition to SABAs and ideally an ICS-
LABA combination inhaler.”® Under-use of other long-
acting treatments has also been described; for example,
in observational studies of COPD patients in Latin
America.” Raising awareness of the importance and cost-
effectiveness of effective long-term treatment for these
respiratory diseases is crucial. Policy makers, health-care
providers, and local communities all have an important
role to play in ensuring that people living with asthma
and COPD get effective treatment to prevent life-
threatening acute attacks and minimise long-term lung
damage.
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The included studies reported that generic medicines
were generally more affordable, as were drugs purchased
in public facilities. A comparison of 29 surveys submitted
to a medication monitoring database showed that the
availability of both generic and originator drugs was
generally lower in public institutions but they were more
affordable in those settings.” Overall, medicines were
often most readily available in hospitals, compared with
other facilities. Continued effort to strengthen primary
care for NCDs, for example, through WHO’s package of
essential NCD interventions, is needed.® Strengthening
local systems to monitor essential medicines regularly
and repeatedly with established tools, such as the
WHO-HAI methodology, would help record availability
and affordability more reliably, and might result in better
Supply-w,()()

The strengths of this review include robust systematic
review methodology. We studied a comprehensive list of
essential medications for asthma and COPD. We used
standardised concepts of availability and affordability
where possible. Most studies were cross-sectional studies
at single timepoints. Information about consistency of
availability is missing and generalisability about stock
levels cannot be made. However, the single timepoint
mirrors the patient’s experience, when seeking treatment.
Availability of medicines was often reported as present or
absent but quality and whether medicines were in date
were not documented. Reporting of outcomes sometimes
depended on interviews, predisposing to recall and
selection bias. Much of the presented affordability data
derived from Babar and colleagues, where information
from one location was used to represent the whole
country, predisposing to bias.? The coverage and quality
of data differed between studies. We focused on data
from published original research articles available in
research databases, so information might have been
missed that was available in other sources, such as
government surveys or WHO-HAI databases (appendix
pp 58-59). Combination inhalers were included on
WHO’s model list of essential medicines in 2017, and
LAMAs in 2019, so countries might have been less likely
to provide them before. The information about
affordability and cost should be interpreted on the
understanding that our study spanned a decade, during
which the meaning of cost might have changed.

The included studies covered hugely diverse
geographical and health-care settings, different health-
care facilities, countries with varying disease prevalence
at different timepoints, and used different methodologies,
thereby limiting generalisability and necessitating a
narrative review rather than meta-analysis. There was an
absence of data from most LMICs. All studies were done
before the COVID-19 pandemic, showing the need for
contemporaneous data.

In conclusion, essential medicines for treating asthma
and COPD were largely unavailable in LMICs. Most
medicines failed to reach the target of 80% availability,

and a month’s supply cost of more than a day’s wage of
the lowest paid government worker. Availability and
affordability of inhaled corticosteroids was particularly
poor, both as separate and combination inhalers,
compared with inhaled SABAs and systemic steroids.
This needs to change to facilitate exacerbation prevention.
Effective inhaled medicines, which have been widely
available in high-income countries for decades, offer
substantial opportunities to improve the long-term
management of asthma and COPD in LMICs. There is a
clear case to put to policy makers: the burden of asthma
and COPD is high, effective treatments have existed for
decades, and the control of disease has substantial
benefits for physical, social, and economic wellbeing.
Although further data to support these arguments are
welcome, action is needed now if we are to accelerate
progress towards the 2030 Sustainable Development
Goals targets and improve the lives of children,
adolescents, and adults with asthma and COPD across
the globe.
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