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Introduction

Asthma, affecting 262 million people globally, according to the
WHO[1], is a particularly pressing concern in sub-Saharan Africa
(SSA). Alarmingly, over 80% of asthma-related deaths occur in
this region[2], signalling a significant shortfall in current asthma
management. Despite the global goal of ensuring a satisfactory
quality of life and optimal symptom control[2], the 2018 World
Asthma Report exposes a substantial prevalence of uncontrolled
asthma in SSA, pointing to a regional deficiency in asthma
care[3,4].

The variables contributing to inadequate asthma control in
SSA are diverse, ranging from urbanisation challenges to a lack of
public education and understanding of asthma[5,6]. Notably,
patient-related factors such as poor awareness, rejection of
inhaler medication, and concurrent allergic rhinitis pose addi-
tional barriers to effective asthma care[2]. Although asthma is
underdiagnosed in SSA[7], literature addressing the specific chal-
lenges and opportunities within this unique context remains
limited[8]. Existing studies often need a comprehensive explora-
tion of socio-economic, environmental, and healthcare access
factors contributing to uncontrolled asthma[7,8].

Moreover, while smart inhaler technology holds promise
globally, its potential impact on SSA requires a dedicated
exploration[9]. Understanding smart inhalers’ feasibility, accept-
ability, and effectiveness within SSA’s socio-cultural and health-
care infrastructure is critical for evidence-based interventions.
This paper seeks to fill this gap by reviewing the potential

advancement of asthma management in SSA by applying smart
inhaler technology.

Evolution of inhaler technology

In asthma treatment, inhaled therapy has been a pivotal approach
for over 50 years, with its efficacy recognised as early as the 20th
century[10]. The popularity of inhaled therapy surged in the 20th
century with the introduction of pressurised metered dose inha-
lers (PMDIs), marking a milestone in delivering therapeutic
agents for airway diseases[11]. Inhalation, the most preferred and
effective route for anti-asthma and chronic obstructive pulmon-
ary disease (COPD) medications, ensure prompt onset of action
and the advantage of smaller, yet efficacious, doses[11]. Over time,
inhaler technology has evolved, introducing various devices tai-
lored to achieve optimal drug delivery.

Traditional inhalers fall into three primary categories: metered
dose inhalers (MDIs), nebulisers, and dry powder inhalers (DPI).
The development of dry powder inhaler technology in 1971 by
Bell and colleagues provided a notable alternative to metered
dose inhalers[10]. Unlike traditional inhalers requiring synchro-
nisation of inhalation and drug administration, dry powder
inhalers operate on an “inspiratory-dependent” technology,
minimising drug deposition in the oropharynx, a common chal-
lenge with metered dose inhalers[12].

Soft mist inhalers (SMIs), a non-pressurised type of MDI, offer
a unique advantage with a prolonged mist duration compared to
aerosol counterparts. This prolongation reduces the need for
precise synchronisation of inhalation and drug administration,
contributing to successful inhalation[13]. Despite the advance-
ments, challenges persist with pressurised MDIs, including diffi-
culties in synchronisation, incomplete drug delivery to the lungs,
and the need for rigorous patient training[11]. Nebulisers, utilising
ultrasonic and vibrating mesh technologies, present alternative
options for managing asthma. Vibrating mesh nebulisers, while
offering precision and portability, demand regular maintenance
due to their intricate design[14].

Smart inhalers in SSA

In resource-constrained settings, the challenge of maintaining
drug adherence persists, often leading to patients being lost to
follow-up[3]. However, the introduction of smart inhalers marks a
transformative shift, empowering patients to participate actively
in their healthcare and providing timely updates to overseeing
physicians, thereby enhancing healthcare outcomes[15].

Smart inhalers offer a spectrum of functionalities, ranging
from simple monitoring of usage times to advanced features such
as environmental trigger detection[4]. Their primary advantage
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lies in objectivity, enabling unbiased assessments of inhaler use
patterns and identifying non-adherence, distinguishing between
intentional and unintentional lapses[5]. These devices contribute
to an improved quality of life for patients, fostering bronchos-
pasm control and promoting therapy compliance [36]. Real-time
data empower patients to manage symptoms actively, facilitating
informed discussions with healthcare providers[16].

Studies have shown how asthma patients optimise their care
with smart inhalers[16,17]. Respondents frequently note that these
devices instil a sense of accountability for their medical condi-
tions, making them active participants in their care. This heigh-
tened patient involvement aligns with the potential development
of patient-adjusted care, enabling individuals to tailor care rou-
tines to their personalities, thereby enhancing long-term
adherence[15]. Smart inhalers are pivotal in improving adherence
through reminders and cues[7]. Studies indicate that patients
receiving reminders exhibit higher drug adherence rates, parti-
cularly among children[8,15]. Real-time feedback and reports
from healthcare providers further enhance adherence, as
demonstrated in trials such as the E-Monitoring of Asthma
Therapy to Improve Compliance in Children (e-MATIC) and the
STAAR research[18].

Insights into inhaled corticosteroid use suggest that adjustable
administration of steroids can be as beneficial as regular main-
tenance doses, especially in mild to moderate asthma[19]. This
signals a potential shift toward anti-inflammatory reliever ther-
apy, potentially replacing short-acting beta-agonists as a guide-
line-recommended treatment for mild asthma[20].

The data from treatment monitoring through smart inhalers
prove invaluable for optimising care in patients with chronic
obstructive respiratory diseases[14]. However, achieving this
optimisation necessitates a collaborative effort involving the
health sector, the ICT department, and policy-making bodies[13].
Despite potential challenges in acquiring smart inhalers in low-
income SSA countries, the anticipated long-term return on
investment, including reduced hospital admissions and improved
clinical stability, suggests potential cost-effectiveness[14]. Beyond
adherence, smart inhalers offer insights into inhalation beha-
viour, with models like INCA identifying inaccuracies through
audio recordings[18]. Emerging technologies integrate environ-
mental triggers with patient location, predicting the likelihood of
exacerbations and promoting proactive management[20].

Challenges and future directions

While compelling evidence supports the safety and efficacy of
virtual health self-directed therapies for asthma, integrating these
innovations into daily routines remains limited, particularly in
impoverished regions where accessibility to such gadgets is a
significant hurdle[3]. The management of diseases is multifaceted,
influenced by factors such as the availability of healthcare
staff, salaries, education levels, medication accessibility, family
behaviours, and the understanding of the illness. Regional var-
iations, such as air contamination and inadequate healthcare
amenities, can alter patient perceptions and hinder effective
asthma management. Despite the myriad advantages of virtual
healthcare, its acceptance is still budding in several SSA nations
compared to other countries[4]. Successful adoption depends on
uninterrupted power supply, reliable telecommunication services,
and internet access. Acceptance of smart inhalers hinges on the
understanding and endorsement of key stakeholders, including

healthcare management, health authorities, and professionals.
However, inadequate funds allocated for healthcare in develop-
ing countries pose a significant obstacle to integrating these
modern treatments, as patients may refrain from available care
due to deep-rooted impressions of illnesses.

Recommendations from various studies in low-income coun-
tries propose solutions. International health bodies should
organise training sessions and workshops to enlighten health
professionals and stakeholders about implementing virtual health
in Africa, emphasising its potential to elevate healthcare stan-
dards. Governments can incentivise using smart inhalers by
reducing customs duties on e-health and virtual healthcare
equipment. Policymakers and the WHO can encourage prior-
itising technologically advanced treatments through strategic
policies.

Furthermore, challenges like sparse airway restriction assess-
ments, cost implications, and timing hindrances in asthma
treatment facilities lead to underutilisation. Asthma policy reg-
ulations focus on symptom management, risk reduction, mini-
mising drug complications, and controlling disease effects.
Assessing asthma control is crucial, with various measures like
the asthma control questionnaire and the GINA assessment used
for decision-making. Local partnerships should be leveraged for
connectivity and affordability to implement smart inhalers suc-
cessfully in SSA, especially with Bluetooth technology. Strategies
should include integrating SMS or app-based reminders and
culturally relevant educational content. Policy recommendations
should advocate for including smart inhalers in public healthcare
programs, propose tax incentives, and emphasise integration into
existing healthcare infrastructure. A sustainable business model
considering maintenance and support should be developed, with
opportunities for local job creation in technology support and
maintenance services. Equipping healthcare providers, patients,
and care assistants with proper training and education is crucial
for effectively utilising this modern-day technological system in
SSA nations.

Conclusion

The burden of asthma in SSA is substantial, with high prevalence
rates, a notable lack of controlled asthma, and limited access to
effective management. The existing challenges, including under-
diagnosis, inadequate healthcare infrastructure, and socio-economic
factors, contribute to the region’s struggle to address asthma effec-
tively. While significant in asthmamanagement globally, traditional
inhaler technologies face limitations in SSA, where factors such as
poor inhaler technique, inadequate healthcare resources, and socio-
economic barriers impede their efficacy.

The emergence of smart inhaler technology presents a pro-
mising avenue for transforming asthma management in SSA.
These devices offer objective medication adherence monitoring,
provide real-time data, and empower patients with tools for
better self-management. The advantages of smart inhalers,
including patient-directed feedback, reminders, and the potential
to personalise treatment regimens, could significantly improve
asthma control in the region. However, the successful integration
of smart inhalers in SSA faces unique challenges. Issues such as
limited access to technology, low health literacy, and financial
constraints must be addressed. Policy recommendations, educa-
tional initiatives, and strategic partnerships are crucial for
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overcoming these barriers and ensuring the region’s sustainable
implementation of smart inhaler technology.

Future studies should focus on understanding prevalent
respiratory conditions, identifying environmental triggers, and
tailoring interventions to the specific needs of SSA. Additionally,
efforts should be directed toward advocating for the inclusion of
smart inhalers in public healthcare programs, exploring tax
incentives, and developing business models that ensure long-term
support and maintenance.
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