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Abstract

In India, Poor medication adherence, diagnostic issues, and the unequal distribution of
healthcare points still pose a major public health threat in the form of Asthma. Although smart
inhalers with digital monitoring have effectively improved asthma outcomes in developed
countries, their practicability and usage in low- and middle-income countries (LMICs) such as
India remain under-researched. The present study fills this gap as it examines the views of
Indian healthcare professionals as to the adoption of smart inhalers.

The research was to test the efficacy, feasibility, and hurdles of integrating smart inhalers into
India’s asthma care system. Five goals informed the study, which were the healthcare workers’
perceptions related to digital health, outcomes of digital health, adoption challenges, external
policies, and recommendations. Related research questions focused on asthma care practices,
diagnostic disparities, adherence effects, barriers to implementation, and policy needs. A
qualitative, interpretivist approach was applied, taking the form of semi-structured interviews
with eight healthcare workers from both public and private institutions in India. Data were dealt
with thematically through using Braun and Clarke’s (2006) six-step framework. Areas
investigated in the key variables were compliance behaviour, diagnostic access, cost,
infrastructure, digital literacy, and privacy concerns.

Findings showed overall optimism around the smart inhalers’ capability to enhance compliance
and control of disease, but identified challenges including affordability, digital preparedness,
and shortage of regulatory frameworks. Participants demanded policy support, subsidies,
clinician training, and inclusion in national health schemes.

The contribution of this study to the literature on digital health is that it provides context-
specific insights into issues related to smart inhaler adoption in LMICs and suggests actionable
recommendations on creating a bridge to the digital divide in care for asthma. It highlights
critical structural issues, including the lack of nationwide asthma digital policies, lack of patient
technologic aptitude, and the dearth of training clinical personnel in these areas to be addressed

in the interest of promoting fair implementation of the intelligent inhaler plan.



1. Introduction

Asthma presents itself as a persistent lung disease that affects millions globally, thereby
causing major healthcare expenses and negatively affecting the quality of life for its sufferers.
The medical condition presents itself through periodic episodes of shortness of breath
combined with wheezing and chest discomfort, which lead to coughing while environmental
elements such as air pollution and respiratory infections, along with allergens, activate these
symptoms. In India and other developing nations, effective management of asthma through
inhaled corticosteroids (ICS) and bronchodilators becomes complicated due to poor patient
treatment adherence. Patients who do not properly or regularly use their inhalers experience
multiple exacerbations, which result in emergency medical events and sometimes lead to

increased mortality.

Developed nations have achieved major advancements in asthma management through the
implementation of digital health technologies. Smart inhalers incorporate sensors and digital
monitoring functionalities to improve patient adherence as well as treatment results. Such
devices combine tracking and reminding capabilities with real-time data transfer capabilities
to healthcare providers who can then make early interventions and tailor patient treatment
plans. Smart inhalers reduce hospitalizations in addition to boosting medication adherence,
according to documented studies from high-income countries. The use of smart inhalers
remains scarce across low- and middle-income countries, including India, because of financial

limitations and inadequate technological resources, and regulatory challenges.

Neighborhood-based disparities in asthma care and a fragmented healthcare system, combined
with insufficient diagnostic equipment and inconsistent medication availability, become
significant barriers to effective asthma treatment throughout India. The lack of research about
how smart inhalers function in the Indian healthcare system for real-time monitoring, combined
with better adherence tracking, despite their potential to transform asthma care. Healthcare
professionals who act as digital health solution recommenders and implementers receive
minimal research attention regarding their views. Integrating smart inhalers into clinical
practice requires knowing healthcare professionals' opinions to find implementation challenges

during program development.

The research undertakes a feasibility study of using smart inhalers coupled with digital
monitoring devices for India to evaluate their effects on medicine adherence, disease

management, and patient health outcomes. The research study evaluates both the



implementation barriers, such as financial hurdles and technological restrictions, alongside
regulatory hurdles faced in their adoption. The study intends to generate evidence-based
suggestions for healthcare stakeholders to help India integrate smart inhalers through proactive
discussion of existing barriers. The study provides an understanding of the digital health
solution's potential for asthma management, thus promoting better patient care through

improved disease control in India.

1.1 Background and Rationale

Worldwide, the number of asthma sufferers continues to rise, with data showing that 262
million people currently live with the condition, according to the World Health Organization
(2025). Medical conditions arising from asthma include airway inflammation coupled with
bronchial hyperresponsiveness and recurrent wheezing and breathlessness, and coughing
symptoms, which badly affect the patient's life quality (Global Asthma Report, 2018).
Differences in healthcare organizations, medication distribution systems, and asthma
understanding still produce unequal asthma disease management patterns between various

economic systems (NICE, 2023)

The nations of the United States and the United Kingdom and Canada, and Australia manage
asthma using structured programs that follow the guidelines established by organizations such
as the Global Initiative for Asthma (GINA), together with the National Institute for Health and
Care Excellence (NICE) (Chan et al., 2015). Advanced diagnostic equipment, along with broad
inhaled corticosteroid (ICS) availability and electronic records (EHRs) and connected inhalers,
support early identification coupled with controlled asthma management and tracking patient

medication use (Eikholt et al., 2023).

Asthma diagnosis and treatment access limitations in India and similar low- and middle-income
countries (LMICs) create a high disease burden and increased asthma mortality, even though
the Global Asthma Network (2018) reported these areas as facing frequent severe asthma
attacks. Worldwide data reveals India holds the position as one of the nations with the most
asthma sufferers, since 2023 has brought an estimated 37.9 million registered cases (Global
Initiative for Asthma, 2023). Multiple asthma-related complications become worse due to air
pollution exposure, together with allergens and restricted healthcare access that is limited by
financial constraints (Bhattacharya ef al., 2022). The high prevalence of non-adherence to ICS

and LABAs—the unitary standard for asthma control—as well as inadequate diagnostic



capabilities and excessive usage of SABAs, affects poor disease management results (Awasthi

et al.,2004).

Asthma control faces significant obstacles through nonadherence to prescriptions in developing
countries of the world, chiefly. Research shows that asthma patients around the world maintain
between 30% and 50% of their prescribed medication use, which results in elevated disease
flare-ups and unnecessary hospital stays, and death (Mohammed Abdul Jaleel, 2024). The main
causes of poor medication adherence are found in patient forgetfulness, in addition to medical
device concerns, and expense barriers, and insufficient educational resources (Olatunji et al.,
2023). Modern solutions must be developed to assist patients in both their treatment

compliance and their immediate disease tracker performance.

Advanced digital health technology now provides smart inhalers that track medication use
patterns while monitoring asthma control in order to boost patient adherence (Eikholt et al.,
2023). Healthcare providers can assess in real-time how patients use their medication through
the sensors built into these devices, which also monitor inhalation techniques and
environmental triggers (Chan et al., 2021). The combination of artificial intelligence (AI) with
mobile health (mHealth) applications, together with cloud-based monitoring systems has
helped develop predictive analytics solutions for establishing early intervention services (Levy,

Murnane, 2013).

The limited adoption of smart inhalers for asthma care in India stems from a combination of
economic barriers, together with low digital literacy levels and technological infrastructure
gaps, as well as regulatory challenges (Bhattacharya et al., 2022). Research about smart
inhalers predominantly occurred within countries with well-developed digital health platforms,
thus creating a notable knowledge gap for healthcare system implementation in India (Eikholt
et al., 2023). Research has not thoroughly investigated how healthcare professionals view
implementing digital monitoring tools for asthma, although they actively manage asthma cases

(Awasthi et al., 2018).

This investigation examines the potential implementation feasibility of smart inhalers in India
while studying professional healthcare opinions alongside economic performance and
technology preparedness, and market-related factors. The research examines healthcare system
challenges and opportunities in India to develop effective recommendations that integrate smart

inhalers for asthma management improvements.



1.2 Research Aims and Objectives

The primary aim of this research is to assess the feasibility, effectiveness, and challenges

associated with implementing smart inhalers with digital monitoring devices in India’s asthma

management framework. This study will explore how these devices can improve medication

adherence, disease monitoring, and patient outcomes in resource-limited settings.

To achieve this, the research will focus on the following objectives:

1.

To understand what Indian doctors and nurses think about bringing smart inhalers into
hospitals to help manage asthma.

To find out how these healthcare workers think digital health tech might affect how well
patients take their meds, control their symptoms, and get better overall.

To explore the main obstacles, such as tech hurdles, cost issues, facility shortcomings,
and moral dilemmas, that might slow down the use of smart inhalers in India's
healthcare system.

To study how hospital setup, upcoming technology, and government health rules affect
the rollout of digital asthma management control solutions in India.

To gather insights from health experts and their policy ideas on how to increase the use

and integration of smart inhalers into India's current asthma care system.

1.3 Research Questions

1.

How do asthma management practices differ between developed and developing

economies, and what are the key challenges faced in LMICs like India?

What role do diagnostic devices play in asthma care, and how do disparities in

diagnostic infrastructure impact asthma treatment in India?

What impact do smart inhalers have on medication adherence and asthma control

outcomes?

What are the economic, technological, and behavioral barriers affecting the

adoption of smart inhalers in India?

What policy recommendations can be made for policymakers and stakeholders to
facilitate the integration and widespread adoption of smart inhalers in India's

healthcare system?



1.4 Justification of the Study

The management of asthma as a public health issue persists as a significant problem across
India because patients lack proper disease management while failing to follow medical
instructions and cannot access advanced diagnostic resources and treatment options. most
Indian patients do not follow their established treatment plans, even though effective asthma
treatments like inhaled corticosteroids (ICS) and long-acting beta-agonists (LABAs) are
available. Individual health status together with healthcare system resources remain negatively
impacted because of multiple asthma attacks requiring medical treatment and emergency
hospitalization. The implementation of new asthma management approaches for India needs
urgent attention because it will enhance medication adherence and improve patient monitoring

systems to achieve better long-term results.

Smart inhalers with digital monitoring devices now use technology to track patients' medicine
intake and identify adherence levels as well as monitor their symptoms in real-time. Research
shows these devices are already demonstrating their value because they increase adherence
levels and enhance symptom control and decrease hospital stays in developed healthcare
systems. Researchers have conducted minimum studies to evaluate the possibility of launching
smart inhalers within the Indian healthcare system. The challenges India faces in adopting new
healthcare technologies exceed those of developed economies since it has to overcome
affordability issues and insufficient digital structures and insurance support and regulatory
constraints and poor health literacy. There is an unclear magnitude of obstacles that may
challenge India's ability to successfully implement smart inhalers thus requiring detailed

research about their viability within this healthcare setting.

Research on digital asthma management primarily happens in well-established digital health
systems of high-income countries, which foster smooth implementation of digital technologies.
Research about how to implement and scale electronic medical technologies within India's
fragmented healthcare system remains scant, given numerous access barriers related to
financial constraints. Healthcare practitioners actively manage asthma cases and translate
treatment recommendations, but research revealing their opinion toward digital health tools,
specifically smart inhalers, is insufficient. The experiences, along with expectations and
concerns of Indian healthcare professionals, need investigation because this reveals

implementation challenges and helps develop solutions suitable for India's healthcare system.



The conclusions drawn from this study will produce significant effects on how healthcare
policymakers work alongside pharmaceutical companies together with digital health
stakeholders. The research establishes systematic guidelines showing the successful pathways
to integrate smart inhalers into India’s asthma care system. The research provides guidance
about necessary regulatory and policy framework to increase digital health solution adoption
in asthma management systems. Healthcare providers can achieve better knowledge regarding
smart inhaler strengths and weaknesses which will enable them to properly decide whether to
implement these devices in their clinical work. The Indian market challenges enable
pharmaceutical and medical technology organizations to create affordable and scalable
solutions. This study aims to identify approaches for including smart inhalers in India’s

national healthcare programs so they become available to people from all income levels.

This research tackles these matters to enhance Indian asthma care through better accessibility
of treatment coupled with more efficient systems and patient-oriented services. Findings from
the study will profit the Indian healthcare system and deliver insights for low- and middle-

income countries that need to implement digital solutions for managing chronic diseases.

2. Literature Review

The chronic respiratory disease asthma affects millions in the world, while the ways healthcare
systems deliver its management demonstrate considerable variations. Improved asthma care
has become possible through advanced treatment methods and digital monitoring tools with
better diagnostic capabilities, which mainly benefit developed economies. Indian developing
countries experience significant obstacles in asthma management because they lack medication
availability and suffer from weak healthcare infrastructure as well as inadequate diagnostic

methods (Global Initiative for Asthma, 2023).

The research paper reviews the current asthma patient care literature, together with diagnostic
equipment approaches and digital inhaler system performance throughout developed and less-
developed economic regions. Through a review of multiple theoretical foundations and
essential research concepts and upcoming trends this section will diagnose current research

shortcomings and provide solutions to treat unequal conditions in asthma treatments.

The initial part of this discussion explores how asthma treatment approaches differ between

developed and developing nations especially regarding healthcare system infrastructure and



treatment accessibility, and patient treatment compliance. The section focuses on diagnostic
problems related to technological advancements, including digital health tracking systems that
reconstruct medical diagnosis approaches. Analysis of the operational mechanics of smart
inhalers occurs within different economic systems and presents a study of their distribution

levels and cost-effectiveness by inspecting policy structures that dictate usage adoption.

2.1 Asthma Management in Developed and Developing Economies

The management of asthma as a public health issue presents substantial variations between
developed and developing economic systems worldwide. Structured healthcare systems
operated by developed countries facilitate quick diagnosis, together with permanent drug
access and digital health innovation (NICE 2023). The healthcare system of India, along with
other low- and middle-income countries (LMICs), struggles with restricted healthcare spending
and insufficient diagnostics equipment, coupled with patient knowledge deficiencies that
produce unproductive disease outcomes and frequent mortalities (Bhattacharya, Saleem &

Hossain, 2022).

Asthma Management in Developed Economies: Advanced Healthcare Frameworks and

Digital Innovations

The four developed economies, based in Australia and Britain, together with Canada and the
United States, implement asthma treatment plans through guidelines established by GINA and
NICE, and ATS (NICE, 2023). According to Chan et al. (2021), the recommended controlled
asthma treatment in guidelines starts with ICS (inhaled corticosteroids) followed by a
combination of LABAs (long-acting beta-agonists) integrated with LTRAs (leukotriene

receptor antagonists) for severe asthma needs.

The diagnosis of asthma in developed nations receives benefit from precise and timely
identification enabled through sophisticated pulmonary assessment tests and biomarker
screening, and artificial intelligence diagnostic instruments (Eikholt et al., 2023). The
healthcare systems of these countries have established procedures that combine patient check-
up appointments with medication support services, along with digital treatment optimization
mechanisms (van Boven ef al., 2014). Physicians can diminish emergency hospital stays and
asthma-related complications through real-time monitoring of symptoms and patient lung
functions, and medication adherence by using remote monitoring devices and electronic health

records (EHRs) (Foster ef al., 2014).



Asthma treatment development experiences obstacles in high-income countries regarding both
digital intervention durability and patient adoption of care procedures (Chan et al., 2021).
Studies demonstrate developed nations have nonadherence measurements between 30—-50% in
asthma patients, leading to more hospital trips and healthcare emergencies (NICE, 2023).
Surveying patients through digital reminders and adherence tracking was proposed by van der
Kamp et al. (2023) as a resolution to this management issue. The large-scale adoption of smart
inhalers remains limited since patients refuse digital tracking solutions and worry about privacy

risks, along with the expensive costs of these devices (Foster ef al., 2017)
Asthma Management in Developing Economies: Challenges and Inequities

India, along with Brazil and South Africa, faces persistent asthma care problems, which involve
restricted access to vital treatments, while medical specialists are scarce and diagnostic
instruments do not reach proper standards (Global Asthma Network, 2018). Recent reports
show that 80% of people who die from asthma-related conditions in the world are located in
LMICs because their disease control remains poor and their access to adequate medical care is

limited (Awasthi et al., 2018).

Developing countries face a major barrier because inhaled corticosteroids (ICS) remain
unaffordable to low-income families who lack access to these medications (Eikholt et al.,
2023). Asthma patients in LMICs typically use SABAs as quick-relief medication because

these treatments produce insufficient control of asthma symptoms (Foster et al., 2017).

Insufficiently trained medical professionals combined with deficient diagnosis protocols in
LMICs result in cases of mistaken treatments and inadequate asthma management for patients
(Bhattacharya, Saleem, and Hossain, 2022). Developed economies have access to spirometry
and FeNO testing for asthma diagnosis, yet LMICs depend on symptom evaluations and PEFR
readings since these methods show poor accuracy and high measurement variability (Global
Asthma Network, 2018). The absence of proper diagnostic tools leads to delayed medical care
and leads medical providers to write incorrect prescriptions and create more asthma-related

health problems (Awasthi et al., 2018).

Medical attention for asthma patients shows notable differences in therapeutic methods
according to the country's economic situation. Developed nations operate structured asthma
management programs that use predictive medical methods and Al technological solutions for
health monitoring (Chan et al., 2021). The healthcare systems of LMICs follow a reactive

process, which starts treatment after severe asthma attacks happen This results in greater



hospital admissions and higher death rates, along with public healthcare expenditures (Global

Asthma Network, 2018).
Potential Solutions and the Role of Digital Health Interventions

Documents published by MHealth in 2022 show that researchers, together with policymakers,
now explore cost-effective solutions such as mobile health (mHealth) interventions, Al-driven
diagnostics, and smart inhalers to enhance access to asthma care in LMICs as the asthma burden
grows. According to studies, digital monitoring through smart inhalers can unite improved
health services across different healthcare system statuses by boosting medication compliance

and delivering real-time symptom data and virtual medical consultations (Eikholt et al., 2023).

The adoption of digital asthma management tools remains very low in developing economies
because healthcare providers have inadequate awareness, and there are limited technological
infrastructures as well as significant cost barriers (Amber et al.,2023). Insufficient research
exists about support systems for digital asthma solutions in LMICs because of their lack of

pricing models and government subsidies, alongside public-private partnerships.

Proper solutions demanding various changes must include public asthma medication subsidies
and expanded digital health infrastructure, along with community-focused asthma education
initiatives and affordable asthma equipment (MHealth, 2022). These implemented
interventions will help LMIC healthcare systems develop better technology-based asthma

management solutions to achieve improved health outcomes among global asthma patients.

2.2 Diagnostic Devices for Asthma Management

The diagnosis of asthma is essential for good medical outcomes, but developed economies
experience significant diagnostic differences from developing economies. Research tools with
higher capability levels and artificial intelligence applications in pulmonary function testing
and biomarker investigation help develop early diagnoses that create customized treatment
plans in wealthy nations (Amber et al.,2023). Developing countries adopt clinical symptom
assessments and basic diagnostic tools, which lead to higher frequencies of mistreatment of
asthma and disease management inadequacy (Global Asthma Network, 2018). Cost-effective
diagnostic solutions that are accessible and technology-based should become a priority for

resource-limited environments because current gaps in diagnosis require immediate attention.

The diagnosis of asthma and distinction from other respiratory conditions, including COPD
and respiratory infections, is performed through objective lung function testing and biomarker

analysis in developed countries (NICE, 2023). The diagnostic measure most commonly used
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is spirometry, which enables healthcare providers to assess airflow limitation and airway
obstruction through measurements of FEV1 and FVC, according to Foster et al. (2017). The
diagnostic test of spirometry represents the established criterion for asthma evaluation,
particularly through trained healthcare professionals in structured healthcare facilities (Amber
et al.,2023). The diagnostic method of spirometry demonstrates reliable results but provides
minimal utility among children under five years old as well as individuals over sixty who
struggle with severe airway blockages, therefore requiring secondary diagnostic methods

(Awasthi et al., 2018).

The diagnostic tool, fractional exhaled nitric oxide (FeNO), tests airway inflammation by
measuring nitric oxide levels in breath through exhaled air according to Chan et al. (2021).
FeNO testing helps healthcare providers identify eosinophilic airway inflammation because
this type of condition benefits from inhaled corticosteroid (ICS) treatment, which makes it
valuable for asthma treatment customization . High costs combined with limited accessibility
prevent extensive use of FeNO testing equipment in all healthcare settings, including high-
income nations. FeNO testing remains uncommon in primary care facilities because expensive
equipment demands, together with insufficient payment policies and specialized interpretation
skills from staff, according to van Boven et al. (2021). The limitations indicate healthcare
systems with strong development levels still have access discrepancies to advanced diagnostic

tools, which leads to questions regarding asthma care equality.

The diagnosis of asthma remains challenging for developing economies because these areas
struggle to obtain spirometry devices along with FeNO testing apparatuses and artificial
intelligence diagnostic tools (Global Asthma Network, 2018). Research reveals that only half
of asthma patients in low- and middle-income countries (LMICs) receive an accurate diagnosis
as healthcare providers diagnose or miss 50% of the cases, thus enabling impaired disease
control alongside increased exacerbation rates and asthma-related mortality (Awasthi et al.,
2018). Medical facilities in LMICs perform many incorrect asthma diagnoses because their
diagnosis process depends on subjective symptom evaluation without the use of tests to
measure lung function or airway inflammation. Proper diagnostic confirmation failure leads
both to incorrect respiratory condition medications for asthma patients and to more severe

health system burdens.

The financial limitations of LMICs force them to utilize peak expiratory flow rate (PEFR)
assessments through peak flow meters because these tools are cost-effective and portable, as

well as easy to implement (Istepanian, 2022). The practical nature of peak flow meters contrasts

11



with the intermediate quality of these devices since their measurement results strongly depend
on patient performance and monitoring technique, along with consistent use (Foster et al.,
2017). PEFR measurement variability undermines diagnosis accuracy when monitoring asthma
because it causes healthcare providers to misinterpret asthma severity (Awasthi et al, 2018).
The diagnosis accuracy and consistency of asthma by primary healthcare providers becomes
complex because many of them lack professional training in respiratory medicine, according

to Bhattacharya, Saleem & Hossain (2022).

The expense of FeNO testing makes it impossible for most healthcare facilities in LMICs
because public hospitals operate under tight budgets while simultaneously working with small
diagnostic capabilities (Global Asthma Network, 2018). Patients in developing economies
must pay their medical fees entirely because government health plans and insurance schemes
do not provide coverage for advanced diagnostic tests such as FeNO testing, which remains
out of reach for most people . A lack of proper diagnosis in LMICs causes many asthma patients
to receive incorrect diagnoses of tuberculosis or bronchitis, thus resulting in inappropriate

treatment plans and inappropriate antibiotic use (Awasthi et al., 2018).

Virtual health solutions and affordable tools have surfaced as research-based interventions for
LMICs due to their diagnostic complexity. Low-cost portable spirometers now allow
community primary care providers to perform basic lung function tests through flexible
assessments that need no specialized equipment. The Health platforms connect certain devices
to perform remote analyses by respiratory specialists, which eliminates the necessity for
hospital-based patient visits. The slow increase in portable spirometer use stems from financial
obstacles as well as insufficient instruction and poor professional understanding about these
devices (Amber et al.,2023). The diagnostic potential of artificial intelligence enables solutions
to medical disparities affecting underprivileged areas of developing and middle-income
countries through its implementation (Bhattacharya, Saleem & Hossain, 2022). Al-generated
risk evaluations and treatment plans built with patient-reported symptoms and wearable health
data along with environmental factors become available in real-time (Jaleel &
Kurbonnazarovich, 2024). Factors like low digital literacy as well as weak internet connection
and insufficient regulatory standards stand as major obstacles that prevent extensive
implementation of Al-based diagnostic systems throughout LMICs (Global Asthma Network,
2018).

Smart inhalers combine diagnostic tasks within their system by tracking patients' inhalation

behavior and environmental triggers along with medication consumption to evaluate lung
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function in real-time (Chan et al., 2021). Recent smart inhalers include built-in airflow
variability sensors that serve as a new method to detect asthma early and monitor disease
progress (Foster et al., 2017). The high price of smart inhalers presents an enormous obstacle
for LMICs because their patients lack access to even fundamental asthma medications

(Awasthi et al., 2018).

2.3 Smart Inhalers with Digital Monitoring Devices

Smart asthma inhalers represent critical improvements in healthcare because they monitor
patients' medication use and inhalation practice, and environmental elements in real-time. Such
devices establish Bluetooth connections while operating through the cloud network with Al
algorithms to analyze data because improving pharmaceutical adherence stands as their
fundamental purpose in asthma treatment (Chan et al., 2021). The implementation of smart
inhalers results in increased medication usage between 30-60% in developed nations, thus
decreasing asthma attacks and improving treatment effect (Foster et al., 2017). The research
investigating digital healthcare approaches for developing economies concentrates mainly on
their long-term sustainability combined with accessibility and practicality (Amber et al.,2023).
The literature review focuses mostly on the technical effectiveness of smart inhalers yet
neglects to assess key challenges related to their practical deployment especially in Indian

settings of low- and middle-income countries (LMICs) (Olatunji et al., 2023).

Figure 1 Smart inhalers with digital monitoring device source(Brian Park, 2021)

The primary advantage of smart inhalers is their real-time feedback system, which enables
patients to properly take their medications with proper dosing consistency. The devices track

inhalations and platform usage to find faulty medication usage patterns, which enables
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healthcare providers to make timely interventions (van Boven et al., 2021). The built-in
automated alert system and reminder functions of smart inhalers strengthen medication
adherence because they help patients avoid forgetfulness and unintended non-use (Chan et al.,
2021). Certain smart inhalers perform environmental factor monitoring using geolocation
tracking to track asthma-triggering components, including both air pollution and pollen levels.
The benefits derived from these features in clinical trials are dubious regarding their continued
effectiveness in real-world settings because patients often develop behavioral fatigue toward
digital monitoring, according to van der Kamp et al. (2023). The literature reveals that device
fatigue describes how patients start digital tracking but later stop by losing interest over time
(Foster et al., 2017). The research indicates that the implementation of smart inhalers alone
does not produce long-term adherence because patients need additional behavioral and

educational strategies for optimal results.

The high price and low affordability of smart inhalers serve as the main obstacle that prevents
their widespread use in LMICs. Smart inhalers maintain high-cost levels above traditional
inhalers because this exclusivity bars low-income patients from accessing them, especially
given their challenges to procure basic asthma medications (Global Asthma Network, 2018).
Results from the Jith et al. (2020) study in India demonstrated that smart inhalers enhanced
treatment adherence by 35% yet most patients stopped using them because they failed to
maintain their use beyond the research duration due to money issues. Patients in LMICs lack
national healthcare plans that would provide insurance coverage for digital health interventions
because they must pay their asthma medication costs personally (Awasthi et al., 2018). The
research demonstrates health disparities since wealthy communities gain access to innovative
digital asthma monitoring, whereas poorer communities are stuck using outdated, ineffective

care approaches.

The primary obstacle to smart inhalers depends on their need for advanced technology
alongside suitable infrastructure. These devices need reliable internet connectivity and cloud-
based data storage, together with mobile applications that are modernized in Western
healthcare systems but have not achieved widespread development in India and other LMIC
territories (Olatunji et al., 2023). As smartphone use remains limited, along with inconsistent
mobile networks in rural and semi-urban areas, these factors make it difficult for smart inhalers
to be effectively incorporated into routine asthma care practices. The implementation of smart
inhalers is hindered by untrained healthcare providers who work in LMICs because they lack

digital asthma management expertise. Research in this field remains limited since studies are
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scarce regarding the adaptation of digital inhalers for resource-limited settings along with their

operational capability within basic technology environments (Amber et al.,2023).

The acceptance of smart inhalers among low-middle-income countries faces obstacles from
both behavioral patterns alongside cultural customs as well as limited funding and supporting
assets. Many low-resource communities view inhalers as end-stage interventions used by
severe patients instead of ongoing disease control devices (Awasthi et al., 2018). Smart inhalers
with their sophisticated technology often create further doubt regarding their use thus
discouraging patients to accept this technology (Amber et al.,2023). The combination of limited
digital literacy and health surveillance concerns among patients drives their reluctance to adopt
smart inhalers, especially in nations with low levels of digital knowledge (van der Kamp et al.,
2023). Smart inhaler data privacy faces ethical issues in developing economies since these
countries lack GDPR-like data protection regulations that determine patient data collection and
storage procedures (Foster et al., 2017). The absence of proper regulations complicates the
general adoption of smart inhalers since healthcare providers and policymakers need to
establish an equilibrium between innovation and ethical values and privacy concerns (NICE,

2023).

Different approaches have emerged to boost the availability and sustainable use of smart
inhalers among lower-middle-income countries despite their existing hurdles. The affordability
of smart inhalers can be achieved by implementing public-private partnerships and tiered
pricing models, and government subsidies, as done for essential vaccines and tuberculosis
medications in resource-limited conditions (Global Asthma Network, 2018). Smart Inhalers
require offline functionality to operate without internet access, since this feature improves their
suitability for regions with limited resources. National asthma control programs implementing
smart inhalers through digital health initiatives will create accessibility for every

socioeconomic group, even when they do not belong to well-off urban areas.

The literature shows insufficient research regarding how smart inhalers impact patient conduct
alongside medical results across LMICs throughout the long run. Research conducted over
short periods shows better patient adherence and symptom management, but there is
insufficient evidence showing how these results endure across time, especially within non-
Western medical settings. Research needs to evaluate cultural as well as economic and
infrastructure barriers that affect long-term engagement with smart inhalers and create context-

based solutions to address these barriers. The lack of insights into practical challenges will

15



prevent smart inhalers from becoming a practical solution in LMICs, which ultimately keeps

millions of asthma patients away from modern treatment options.

The deployment of smart inhalers in India for asthma management improvement faces
challenges stemming from high technology costs and technical barriers, as well as patient
reactions. Current research about smart inhalers primarily focuses on technology assessment
without exploring barriers that prevent their actual use and equitable disbursal equity. Future
research, together with policy initiatives, must center on rising accessibility and affordability
and developing culturally appropriate implementation approaches that will enhance smart

inhaler access for low-income areas' asthma patient populations.

2.4 Implementation of Smart Inhalers in Developed Economies

Smart inhaler deployment in developed economies benefits from advanced healthcare
foundations and governmental backing for digital healthcare programs, together with strong
insurance policies promoting new medical technology adoption (Amber et al.,2023). Health
systems in the United States and Australia, together with the United Kingdom and Canada,
have included digital asthma devices into their public healthcare through reduced prices and
electronic health record system integration (NICE, 2023). Real-time monitoring of medication
adherence and inhaler usage, along with environmental triggers, has become possible through
broad access to high-speed internet networks and mobile health applications and artificial
intelligence analytic tools (Chan et al., 2021). The long-term viability of smart inhalers faces
risks because both patient uptake and cost-benefit analyses, and data protection issues persist,
according to van Boven et al. (2021). Research on smart inhaler deployment in developed
nations focuses on technical enhancements and brief clinical enhancements without analyzing
the factors that influence permanent device utilization when used in genuine healthcare

environments (Foster et al., 2017).

Smart inhalers gain wide adoption in developed economies because numerous healthcare
institutions incorporate digital asthma management into their central healthcare strategies. The
National Health Service (NHS) in the United Kingdom included smart inhalers in its long-term
respiratory disease strategy while providing physicians financial benefits for the prescription
of digital monitoring devices to patients with high asthma risk (NICE, 2023). The United States
Food and Drug Administration authorized multiple smart inhalers while they gained approval
for insurance coverage through Medicare and Medicaid plans (Global Asthma Network, 2018).

The expanded insurance coverage has substantially enhanced patient access to smart inhalers
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because those individuals with severe or uncontrolled asthma need precise medication data
alongside adherence support the most. The availability of telemedicine along with remote
patient monitoring programs enables healthcare providers to track inhaler usage, which allows
them to make proactive adjustments in treatment plans, thus preventing more hospitalizations
and exacerbations (Chan et al., 2021). The essential classification of smart inhalers faces
uncertainty because the evidence for cost-effectiveness remains ambiguous (van Boven et al.,

2021).

Smart inhaler clinical success in enhancing medication adherence and controlling asthma
stands contrary to their expensive acquisition costs, which hinder their adoption by healthcare
systems limited by budgetary restrictions (Foster et al., 2017). Smart inhaler prices exceed
those of standard models mainly because they incorporate sensor-based components alongside
cloud services and artificial intelligence (Al) data analytics systems, according to Olatunji et
al. (2023). Some healthcare insurers in wealthy nations do not fully reimburse the cost of smart
inhalers due to policymakers who advocate using patient education methods and digital
coaching as more affordable alternatives. Some healthcare providers skip recommending smart
inhalers as standard treatment because they object to the elevated maintenance costs that
combine with cloud infrastructure expenses and updates, and analytical platforms prices (van
der Kamp et al., 2023). Public healthcare institutions need substantial government funding

programs, according to NICE (2023), to deploy digital asthma monitoring devices extensively.

The monitoring features and adherence to them prove challenging for patients across developed
economies because the patients find it difficult to maintain active digital involvement and stick
to them over time. Scientific research demonstrates that smart inhalers boost short-term
adherence, but patients usually stop tracking their digital usage because of "device fatigue"
(van Boven et al., 2021). The findings from Chan et al. (2021) show that smart inhalers enhance
medicine adherence by 60% during their first six months, yet many patients dismiss the alerts
after several months to follow their previous medication routines. Researchers express doubts
that smart inhalers independently create lasting behavior change patterns because alternatives
such as gamification and individual coaching, and Al prompt systems may prove necessary for
long-term adherence. People who fall in younger age groups and those with technical expertise
tend to utilize smart inhaler capabilities, but the older population and those with minimal digital

capabilities demonstrate challenges when adapting to these devices in asthma management.

Data protection issues, together with ethical problems, serve as fundamental challenges that

prevent the general acceptance of smart inhalers by users. Smart inhalers maintain storage of
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patient-sensitive health data about medication usage logs and breathing pattern counts, together
with environmental exposure analyses, which creates privacy questions regarding data
ownership and utilization (van der Kamp et al., 2023). Under GDPR rules in European nations,
healthcare entities with smart inhalers must apply strict security standards to patient
information for clinical use, but they must follow stringent data protection laws (Foster et al.,
2017). A segment of patients is worried that their data may get misused by insurance businesses
since inadequate adherence monitoring could result in premium surcharges and medication
access restrictions (NICE, 2023). The need for clear regulatory standards emerges because they
should protect privacy alongside promoting innovation through specific rules that will allow

patients to use smart inhalers without experiencing surveillance or discrimination.

Due to current barriers, several approaches have been suggested to advance the prolonged
adoption, together with the sustainability of smart inhalers within developed economies.
Governments, alongside healthcare insurers, should establish a pricing system that delivers
reduced costs for smart inhalers to patients categorized by disease severity level and
socioeconomic status according to the Global Asthma Network (2018). Smart inhalers should
be designed to work within mHealth applications and telemedicine services as well as Al-
driven decision support tools to improve patient engagement while maintaining long-term
adherence. Healthcare providers who specialize in patient care need to create case-specific
digital coaching frameworks utilizing behavioral data analysis to match treatment options that
assist patients in dealing with device abandonment and device fatigue. Standardized policies
for digital asthma monitoring, together with patient consent and security protocols, need to be
established by regulatory bodies according to argumentative measures on data privacy (van der

Kamp et al., 2023).

Smart inhalers successfully operate within healthcare systems of developed economies
alongside technical barriers that need resolution, including cost concerns and patient
interaction, and data protection obstacles. Smart inhalers represent innovative asthma
management solutions according to literary opinions, but real-life constraints involving device
exhaustion and funding obstacles alongside regulatory protocols prevent their widespread
implementation. Research and policy initiatives should concentrate on filling these gaps
because smart inhalers need to advance from luxury items to accessible healthcare solutions

that benefit all asthma patients.
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2.5 Policy Implications and Recommendations for Sustainable

Implementation of Smart Inhalers in LMICs

The adoption of smart inhalers with digital monitoring devices in low- and middle-income
countries (LMICs) requires policy interventions that resolve systemic financial, infrastructural,
and regulatory challenges. Air quality monitoring technology has found widespread acceptance
within developed nations, but LMICs experience major hurdles toward adoption because of
minimal health insurance provisions, together with deficient digital networks and lacking
regulatory standards (Global Asthma Network, 2018). Multiple existing studies analyze smart
inhaler technological attributes and clinical advantages, but neglect how to implement these
devices effectively in resource-scarce healthcare settings, according to Amber et al. (2023.
Digital health policy discussions face a new problem because innovations are typically
evaluated in laboratory-controlled clinical settings instead of testing their practical
implementation across various healthcare systems. The ability of smart inhalers to optimize
treatment and track medication use remains a key advantage, according to supporters, yet
economic concerns and behavioral and ethical issues need resolution before they can

effectively benefit LMICs.

Smart inhalers remain unaffordable to many people in LMICs because of their high prices, thus
creating obstacles to their wide adoption (Awasthi et al., 2018). The absence of comprehensive
health insurance coverage in LMICs becomes a strong obstacle that prevents patients from
accessing digital asthma management tools because they lack financial means (Global Asthma
Network, 2018). The current literature mainly investigates smart inhaler effectiveness in
adherence improvement, along with emergency room reduction, yet ignores the fiscal aspects
of implementing these devices for underfunded public healthcare entities (Amber et al.,2023).
Research into the effectiveness of bulk purchasing agreements, as well as tiered pricing models
and public-private partnerships, which aim to lower healthcare costs on a larger scale, remains
minimal according to Amber et al. (2023). Results from LMIC digital health innovation
implementation show that technology price reductions alone do not lead to broad adoption
because health providers, alongside policy makers, doubt sustainable financial benefits. Smart
inhalers might become a healthcare luxury that only high-income urban people can access
because governments should intervene with financial support to make these devices affordable

for all patients, but they currently avoid such investments.
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The insufficient digital health systems throughout many Low - to middle-income Countries
stand as a major barrier that hinders the widespread use of smart inhalers. The devices function
through cloud storage platforms and mobile applications, together with EHR integration, yet
these essential components are poorly developed or non-existent in various developing regions
(Bhattacharya et al., 2022). A considerable 60% of India's hospital facilities depend on paper
records for healthcare documentation, therefore preventing real-time asthma monitoring
through digital methods. Interoperability challenges between smart inhaler tools and national
healthcare infrastructure reduce their effectiveness by making accessible data unavailable to
physicians across the board. Medical scientists propose mobile health (mHealth) interventions
to overcome challenges by linking smart inhalers to SMS-based adherence alerts and basic
mobile applications, yet researchers have not performed sufficient large-scale tests, and these
solutions fail to address important issues related to data security and healthcare professional
training alongside patient engagement. National policymakers need to establish digital health
strategies for effective integration of smart inhalers into healthcare structures instead of

implementing separate, limited, sustainable solutions (Global Asthma Network, 2018).

Patient data privacy, together with security concerns about medical data management, present
additional barriers to coping with the existing infrastructure limitations. Digital health data
management in LMICs faces challenges since these countries lack specific rules that direct the
handling of data from smart inhalers. Digital monitoring devices risk facing rejection from
patients when they doubt their health records' confidentiality against employer and insurer or
state entity scrutiny (Foster et al., 2017). Data governance policies that lack strength in LMIC
countries create uncertainties regarding who maintains control over smart inhaler data
collection, since it can either be owned by patients and healthcare providers or become a source
of commercial profit for pharmaceutical companies and tech firms. Several experts highlight
that digital asthma management systems might lead to unwanted health surveillance and
discrimination practices when regulatory protections for health record privacy and consent
rights fail to be established. The lack of transparent regulatory structures could cause adoption
efforts of smart inhalers in LMICs to fail because healthcare stakeholders doubt digital health

initiatives, while worries about privacy breaches and health information misuse increase.

The scope of challenges emerging from behavioral resistance combined with cultural factors
and infrastructural, as well as financial and regulatory barriers, makes it extremely difficult for
LMICs to adopt smart inhalers. Asthma treatment in numerous developing nations is viewed

as an emergency, resulting in minimal adherence rates for inhaler therapies throughout these
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countries (Awasthi et al., 2018). People who use inhalers often link these devices to severe
sickness or dependency, so they avoid regular use even as they reject inhalers with additional
tracking functionality. The public view that Western medical technologies do not align with
local health system requirements produces skepticism among both healthcare providers and
patients, thereby obstructing digital health system adoption. The behavioral obstacles
preventing the use of smart inhalers need multi-faceted solutions beyond technology, which
depend on specialty education programs and physician training, and culturally approved
awareness initiatives that establish the long-term asthma prevention accomplishments of smart

inhalers and decreased hospital visits (Mosnaim et al., 2022)

The implementation of smart inhalers in LMICs requires multilateral support from
governments and healthcare providers and public health organizations, and technological firms
as a complex, widespread challenge. Smart inhalers are destined to stay exclusively used by
urban elite populations because of inadequate policy measurements against financial obstacles
and infrastructure deficits, as well as data protection issues and user acceptance standards
(Global Asthma Network, 2018). The research agenda needs to address three objectives: first,
develop policies suited to unique environments, second, evaluate funding capabilities for
digital asthma interventions among national health systems, and finally, establish excellent
practices to incorporate smart inhalers into developing countries' healthcare infrastructure. The
potential of smart inhalers to transform asthma management in developing countries remains
unattained because essential problems require thorough examination with evidence-based

policy creation.
2.6 Future Research Directions and Gaps in the Literature

Smart inhaler adoption with digital monitoring devices as an asthma management tool for low-
and middle-income countries (LMICs) exists mainly as theory because current research lacks
a complete understanding of implementation ability and system integration, as well as long-
term effects. Extensive research exists regarding smart inhaler technology capacities, but real-
world data about their operational performance during clinical trials remains scarce. Most
existing research concentrates on developed nations because they support digital asthma tools
through established healthcare systems and robust infrastructure as well as advanced digital
skills and monetary resources. Available research material is scarce regarding factors that
hinder the implementation of technological solutions in healthcare environments with limited

resources. Research moving forward should center around understanding challenges at
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different levels of society and healthcare delivery, which determine smart inhaler

implementation in LMICs.

The literature remains deficient in substantial observations that evaluate the actual benefits of
smart inhalers when deployed throughout LMICs. Randomized controlled trials conducted in
high-income settings established that smart inhalers promote medication adherence and
decrease exacerbations, but research has not determined how well these results will translate
to developing countries (Foster et al., 2017). Studies about the influence of health literacy,
fragmented care systems, along with unstable digital networks on smart inhaler usage patterns
and outcomes remain insufficient in these conditions. Research priority needs to shift towards
carrying out practical clinical trials and implementing real-world examination work to analyze
smart inhaler potential adoption and success, primarily in rural as well as urban medical

facilities inside LMICs. (Global Asthma Network, 2018)

The present research about smart inhalers in mid-income countries fails to evaluate their
economic affordability. The current studies prove that smart inhalers decrease hospital
admissions and enhance asthma management, yet they fail to establish whether emergency
room cost reductions offset their expensive initial setup expenses. Recent research fails to
demonstrate how smart inhalers become economically beneficial in LMICs because their
patients typically face barriers like a lack of subsidized medications and healthcare services.
More research is needed to study different pricing structures and funding methods to achieve
affordable smart inhaler access for poor communities without harming healthcare system costs

(Awasthi et al., 2018).

The present research about smart inhalers in mid-income countries fails to evaluate their
economic affordability. The current studies prove that smart inhalers decrease hospital
admissions and enhance asthma management, yet they fail to establish whether emergency

room cost reductions offset their expensive initial setup expenses.

A research study needs to investigate how mHealth patient education programs that send
reminders to patient’s impacts healthcare results and price efficiency. The study of smart
inhalers from healthcare provider perspectives towards their integration in LMICs has not
received adequate attention via research. Current research mainly addresses patient adherence
outcomes along with clinical results, but healthcare professional readiness toward adopting
digital asthma management alternatives remains poorly understood (Bhattacharya et al., 2022).
The successful adoption of smart inhalers depends heavily on how physicians and nurses

receive them as standard care practices because they lead patient prescription and monitoring
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while delivering inhaler education. Additional qualitative studies need to analyze public
healthcare professionals' opinions about smart inhalers, together with their understanding and
resistance obstacles when offering these devices for use. Training programs and regulatory
policies, and financial incentives that encourage adoption need to be understood from these

perspectives, according to Olatunji et al. (2023).

Current research about smart inhalers needs to understand how regulatory along data privacy
standards affect the appropriate implementation frameworks. The evaluation of smart inhaler
medical data collection, along with transmission, exists in depth studies, but LMIC-specific
research into contemporary data protection systems remains insufficient because these nations
lack proper regulatory standards. Healthcare organizations give up attention to data security
and patient confidentiality to focus on technological advancements, thus creating ethical
problems in ownership rights and patient approval, and commercial usage. Researchers and
policymakers need to conduct comprehensive examinations regarding smart inhaler regulation
to achieve acceptable standards between innovation and patient rights, alongside data security
protection (Foster et al., 2017). The research of national digital health management policies
with their patient privacy effects will create significant insights into medical data

confidentiality protection in asthma treatment procedures.

The research world holds limited understanding regarding the impact of smart inhalers on
patient participation, both immediately and long-term. Clinical research demonstrates that real-
time tracking and automated reminder systems enhance patient adherence, but emerging
evidence shows device monitoring can result in patient wear-out that leads them to abandon
digital health platforms. A dearth of knowledge exists about LMIC patients' reactions to digital
asthma monitoring systems primarily because traditional medical practices and alternative
therapy usage prevail in these communities (Awasthi et al., 2018). Future investigations must
explore the duration of smart inhaler benefits for adherence improvement, along with studies

about behavioral components that could improve long-term patient participation.

Research that includes international comparisons must be conducted to learn effective
strategies and cost-effective methods for implementing smart inhalers in Low and Middle-
Income Countries (LMICs). The global asthma burden disproportionately affects developing
nations, whereas most digital health innovations originate from Western healthcare settings
(Global Asthma Network, 2018). To identify the most effective policy interventions for smart
inhaler adoption, researchers should analyze factors behind implementation success by

studying different LMICs. Research should analyze how adaptable the digital health tactics of
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specific nations become for similar healthcare frameworks to prevent smart inhaler success
cases from existing in independent isolations, yet influencing worldwide healthcare

improvement endeavors.

2.7 Conceptual Framework

This study’s conceptual framework will also seek to explain the complex interdependent
components that influence the adoption of smart inhalers in the Indian health care sector. Based
on established theories and empirical research, the framework includes critical elements such
as digital readiness, institutional systems, patient compliance, affordability concerns, and
regulatory environment. The framework is based on existing models and research concerning

technology acceptance.

Technological Factors

Socio — Behavioral Institutional and Policy
Factors factors

Smart inhalers
Adoption

Improved Adherence and

Patient outcomes

X . %

Figure 2: Conceptual framework for smart inhalers adoption in Indian healthcare

At its core, the model classifies the adoption of smart inhalers into three major segments: The
framework includes Technological Factors that include the functionality of devices and their
abilities to interface with healthcare systems, Socio-Behavioural Factors that include the

patient’s familiarity with technology and the broader attitudes towards change, and finally, the
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Institutional and Policy Factors that involve considerations of organizational infrastructure,
economic factors, and legal regulatory These domains cooperate and jointly influence
healthcare workers’ and patients’ willingness to integrate smart inhalers into conventional

asthma treatment plans.

3. Research Methodology

The research methodology functions as a fundamental guideline for academic investigations
and controls the entire stages of information collection and analysis, and interpretation
processes. The guidelines established during research execution enable investigators to do
work thoroughly and honestly which generates results that stand the test of reliability and
validity. The author provides an explanation for the research design to study the deployment
of asthmatic control solutions with digital sensors for asthma treatment throughout India. The
researchers selected a qualitative method because implementing digital health systems requires
an examination of healthcare infrastructure, together with financial challenges and regulatory

rules, and professional practitioner viewpoints.

The analysis investigates brand-new smart inhaler implementation strategies in Indian
healthcare because studies on this subject matter are scarce. Research on Smart inhalers grows
extensively across established healthcare systems although their adoption rates stay low in low-
and middle-income nations like India because of monetary and structural and technological
barriers (Global Asthma Network, 2018). Through the use of qualitative interpretivist
methodology, the research investigates healthcare professional perspectives on smart inhalers,
including practicality issues and challenges as well as advantages for under-resourced

healthcare systems.

Using a qualitative exploratory methodology, the study employs an interpretivist philosophy
to investigate the application of smart inhalers. It describes the procedures for data collection,
analysis, and sampling while defending the selected strategy. Academic integrity and
compliance are ensured by upholding ethical norms through participant confidentiality, data

security, and informed consent.
3.1 Research Philosophy

Research design and methodological decisions, together with data collection and analysis
methods, depend heavily on the underlying philosophical foundation of a study. The research

adopts an interpretivist philosophy to follow its goal of examining healthcare professionals’
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viewpoints regarding smart inhalers combined with digital asthma management devices in
India. The interpretivist approach assumes that all knowledge stems from social construction
because human experiences, together with institutional surroundings and interactions, create

what is perceived as reality instead of objective facts (Saunders, 2019).

An interpretivist research approach allows researchers to study how professional perceptions
of smart inhalers and their use in Indian healthcare relate to medical culture alongside

healthcare policies and financial restrictions and patient interaction patterns.

Positivism
Deductive Philosophies
Interpretivism
Objectivism
\’ \ Approaches
Subjectivism Strategies
Data
collection
and data
analysis Choices
Pragmatism
lhoory
: Time
Multi-method / Functionalist horizons
Interpretive Techniques and
procedures
Inductive Radical
Radical structuralist

Figure 3 Saunders' onion model source (Saunders et al., 2012)

The research methods diverge strongly because positivist research establishes universal
patterns through objective, quantifiable data and empirical measurements (Creswell, J.W., and
Poth, C.N., 2018). The value of positivist methodologies for medical research and clinical trials
diminishes when one seeks to understand healthcare professionals’ attitudes and the contextual
barriers that limit digital health adoption. The interpretivist approach proves better suited to
quantitative methods for this study because it helps to explain stakeholder perceptions

regarding smart inhalers and their interaction with them.
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The Relevance of Interpretivism in Healthcare Research

The healthcare field goes beyond technical aspects because it operates within social structures
alongside institutions that reflect medical practitioner values as well as policymaker choices
and patient receptiveness (Bhattacharya et al., 2022). Doctors and patients decide about the
adoption or rejection of smart inhalers due to perceptions of benefits as well as system readiness
and cost, alongside system availability. Research under the interpretivism perspective
establishes a methodology to examine non-clinical parameters, which helps understand both
system technical efficacy alongside institutional structures and ethical practices, and behavioral

elements involved in smart inhaler implementation.

Medical practitioners find Interpretivism highly useful because they work within an
interconnected healthcare system beyond individual practice. Patients’ views about smart
inhalers and digital monitoring devices develop from institutional guidelines and regulatory
standards, along with resource capabilities as well as personal connections (Nowell, L.S. et al.,
2017). A physician working as a pulmonologist in Mumbai's digitalized private hospital
maintains opposing views about smart inhalers relative to a general physician situated in a rural
government clinic with limited resources. The interpretivist research approach makes it
possible to identify various points of view, which enables an accurate representation of digital

asthma management within varied healthcare environments.

Interpretivism serves as the key method to evaluate healthcare professionals' reluctance
towards technological adjustments. Healthcare professionals inside and outside LMIC contexts
show doubt regarding the practical aspects, efficiency, and dependability of smart inhalers due
to the underdevelopment of digital infrastructure in those regions (Global Asthma Network,
2018). The study's interpretivist approach will study resistance causes through an examination
of institutional rules, together with financial obstacles and patient healthcare practices, which

impact digital solution acceptance among professionals.
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Social Constructivism and Its Influence on Research Design

The study's theoretical framework is based on social constructivism, which examines
how knowledge is created via shared experiences and social interaction (Saunders et
al., 2019).

Influence of Healthcare Professionals: Healthcare professionals learn about smart
inhalers by:Group-based planning,Education in medicine,Interpretation of policy
Communication with coworkers and patients (Bhattacharya et al., 2022).

Various Viewpoints:People's perceptions of smart inhalers differ: Some believe these
are useful resources for treating asthma.Others believe they are technologically
unfeasible or inefficient in terms of cost (Amber et al., 2023)

Value of a Qualitative Approach: To comprehend these many, socially produced
viewpoints, one must:A qualitative approach, Individual experiences are captured using
open-ended interviews (Creswell & Poth, 2018).

Contextual Barriers: Adoption obstacles differ depending on the environment: One
region can have awareness issues. Another might have worries about money or privacy.

Alignment between interpretivist and social constructivist paradigms: These
approaches shed light on how digital health products are perceived in intricate
institutional and sociocultural contexts. Advice Regarding Methodology:This
philosophical foundation provides information about: Decisions about the research
design Techniques for sampling, Techniques for gathering and analyzing data

Figure 4: Social Constructivism and Its Influence on Research Design

3.2 Research Design and Strategy

This study investigates the use of smart inhalers in India using a qualitative exploratory

research approach based on an interpretivist philosophy. This adaptable strategy allows for a
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thorough examination of contextual obstacles and opportunities, which is crucial given the lack
of research and the technology's development. 10 to 15 purposively chosen healthcare
professionals, including administrators and clinicians, will participate in semi-structured
interviews to gather in-depth information about a range of healthcare environments. Depending
on the participants' availability, interviews will be conducted either in-person or electronically.
They will be accurately transcribed with participant validation. To find important themes, the
data will be examined using Braun and Clarke's thematic analysis. The study intends to
comprehend policy implications, system-level obstacles, and professional viewpoints about the

deployment of smart inhalers in India.

Semi-structured interviews serve as the main data collection approach in the study’s research
strategy. The combination of semi-structured interview methods provides researchers with
consistent investigation paths, alongside giving participants opportunities to share their
complete narratives about the research topics. Semi-structured interviews have been selected
to study healthcare professionals ranging from pulmonologists to general practitioners as well
as hospital administrators and digital health specialists, because the technique enables deep
investigation into institutional barriers, along with smart inhaler technology feasibility and
patient aspects impacting implementation (Saunders, Lewis, & Thornhill, 2019). Structured
surveys restrict participant responses to specified options but semi-structured interviews yield
extensive, detailed responses that expose current digital health integration realities in practical

terms (Bhattacharya et al., 2022).

A purposive sampling approach will be used for participant selection since it ensures the
recruitment of individuals who possess the required knowledge and experience. Purposive
sampling acts as a non-random selection method to recruit participants who possess specific
characteristics because they have direct experience with the subject matter of interest. Research
participants must demonstrate at least two years of working in asthma management and digital
health expertise, together with medical establishment experience in asthma intervention
implementation. The research focuses on participants with firsthand asthma management
experience, together with digital health tool exposure, to procure meaningful and pertinent

study data.

The data collection method will adjust to use either virtual or face-to-face interviews based on
participant schedules and geographic locations. Because of time and work pressures in Indian
healthcare facilities that limit academic opportunities, medical staff will have the option to

schedule virtual meetings through Zoom and Microsoft Teams in addition to traditional in-
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person interviews. The interviews will span 15 to 20 minutes to study respondents' opinions
about smart inhalers and their barriers to usage, together with governmental guidelines and

patient aspects in digital asthma control measures.

The recorded audio data from all interviews with participant consent will be verified through
complete transcription to guarantee data reliability. Participants will be given the chance to
review their transcripts which enables them to verify their responses and resolve any
interpretable statements. The validity of research findings improves through member-checking

method which confirms data accuracy against participant experience (Nowell et al., 2017).

The study will conduct thematic analysis as its data analysis method to extract significant
recurring concepts from its qualitative dataset. Thematic analysis remains one of the most
common qualitative techniques that uses systematic procedures to analyze data from interviews
and establish main thematic connections (Braun, V. and Clarke, V, 2006). The research team
will execute the analysis through six defined steps that commence with data becoming
acquainted and move to classification of early codes and detection of themes, before a
comprehensive review of themes occurs, followed by final reporting. The research design
guarantees methodological precision, which produces relevant findings that stick to research
targets. This investigation examines significant themes that assess healthcare professionals’
smart inhaler perceptions along with multilevel obstacles encountered by patients and
providers. Research results will receive interpretation by integrating with existing literature
while establishing differences in challenges between developing and developed economies to
illuminate Indian healthcare complexities. The analysis goes on to evaluate policy solutions for
digital asthma management in India through the evaluation of government assistance and

insurance coverage, and technology collaborations.

3.3 Ethical Considerations

Ethical considerations form an essential foundation for research studies to protect participant
rights and dignity and ensure their well-being from the time of recruitment into the study until
completion. The research needs ethical guidelines that will protect both the confidentiality of
participants and their consent as well as maintain academic standards in the evaluation of smart
inhalers for asthmatic patients in India. The combination of ethical principles builds researcher-
participant trust as well as satisfaction of institutional needs and regulatory requirements within

healthcare research environments (Saunders, Lewis, & Thornhill, 2019).
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The primary ethical points about interviews with healthcare professionals concern participant
voluntary nature and maintaining the privacy of collected information and safeguarding
professional statements. Medical staff typically avoid discussing healthcare technology barriers
because institutional rules and professional concerns pose risks for their positional authority.
The researchers plan to protect participant identity and maintain data confidentiality, thus
ensuring professionals will freely share their insights without professional or reputational

threats (Creswell & Poth, 2018).

All participants must be completely informed about the study's goal and its objectives and data
handling process, as well as potential risks, to give their consent according to Bhattacharya et
al. (2022). The research protocol provides detailed documentation that explains study
objectives, combined with questions and estimated interview duration, together with data
storage and use practices to participants before their interviews begin. The consent document
will include terms that specify voluntary participation, together with the right of study
withdrawal by all participants at any moment. The participants will obtain complete
transparency because their research responses will exclusively serve academic goals without
reaching any regulatory body or employer. Participants will obtain further information before
consenting by being given the chance to query the researcher or study details. Participants will
provide written consent, with electronic consent signing available for virtual interviews to

establish proper ethical documentation according to Nowell et al. (2017).

All participants will receive confirmation that refusing study participation or withdrawing will
not cause negative effects or professional harm. Healthcare professionals in hierarchical
systems need assurance that enrolling in the study will not lead to a negative impact from their

institution or senior colleagues.

Healthcare research demands the protection of participant confidentiality, together with
anonymity, especially during discussions about barriers and institutional adoption challenges
related to smart inhalers. The removal of all identifying details from participant data protects
them from negative consequences when they share their comments about hospital procedures
and regulatory policies as well and financial constraints. The research will protect
confidentiality through the use of proxies instead of actual identifiers and by removing all
identifying hospital or geographic information. Research data types such as audio recordings
with transcripts, along with notes, will exist only in password-protected files that reside in

encrypted university servers, where access is restricted to the research team alone. All
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participant information will remain undisclosed in the research outputs by the researcher, who

ensures aggregate and anonymous presentation of findings.

All participants will receive notice about secure data retention for up to five academic years
according to research standards before complete data deletion occurs. The research team
immediately transfers virtual interview recordings, which take place on Microsoft Teams or
Zoom to protected databases while simultaneously deleting them from cloud-based storage

according to Global Asthma Network (2018) procedures.

The study does not work with vulnerable groups or medical interventions, but researchers must
implement safety measures to protect participants from interview-related stress or distress. The
study participants maintain the right to skip questions that create discomfort due to healthcare
infrastructure challenges and regulatory policies, and financial constraints (Bhattacharya et al.,

2022).

The interview procedure will protect participants’ professional engagements alongside their
time constraints since medical staff maintain challenging work schedules. Study participants
will determine session times while having the ability to change appointments or stop interviews
when necessary. Each participant has the freedom to stop the study at any time because the
research team will allow participants to discontinue their participation stress-free, according to
Nowell et al. (2017). The study implements protocols to maintain an objective presentation of
research data, which prevents misleading participants' thoughts or selecting responses to
confirm predetermined frameworks. The thematic analysis method will maintain direct
reflection of different participant viewpoints while recognizing institutional differences in

views and experiences.

Academic and professional ethical standards will be maintained throughout the research by
obtaining formal approval from the university’s ethics committee for data collection initiation.
A review process will confirm that the research proposal and consent forms along with
interview protocols match ethical guidelines which satisfy institutional requirements according
to Saunders et al. (2019). The study needs separate ethical approval from hospital ethics boards
and national health regulatory authorities whenever it involves healthcare professionals
working in government hospitals or private medical institutions. The researcher will secure
necessary permissions and inform participants about any institutional rules that apply to

research involvement (Global Asthma Network, 2018).
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The study will also comply with data protection regulations, including the General Data
Protection Regulation (GDPR) for participants affiliated with international institutions, and
India’s Digital Personal Data Protection Act (DPDPA) for domestic participants. These
regulations ensure that data handling, storage, and security measures align with global and
national privacy laws, protecting participant confidentiality throughout the research process
(Amber et al.,2023). Ethical research requires the researcher to remain aware of their own
biases, assumptions, and potential influences on participants’ responses. Given that digital
health adoption is a complex and evolving issue, the researcher must avoid leading questions,
ensure neutrality in discussions, and acknowledge diverse perspectives. Reflexivity, or the
practice of critically examining one’s own role in the research process, will be applied to
minimize bias and enhance the credibility of the findings (Creswell & Poth, 2018). The
researcher will also remain transparent about the study’s objectives and limitations, ensuring
that participants understand the scope of the research and how their contributions will be used.
If conflicting opinions arise among participants, the study will present these viewpoints

objectively, without privileging one perspective over another.

3.4 Data Collection Methods

The main data collection technique for this study uses semi-structured interviews that enable
structured discussion with flexibility for extracting insights from asthma care professionals.
The adoption of semi-structured interviews proves appropriate for obtaining detailed insights
about participants' encounters and understandings, and difficulties with smart inhaler digital
monitoring systems. The flexible approach of semi-structured interviews enables interrogating
new themes based on participants' answers, making them an optimal choice for exploratory

research (Creswell & Poth, 2018).

The study will conduct interviews with pulmonary specialists, general medical practitioners,
respiratory therapists, hospital executives, and executives in digital health policy making who
actively work with digital health technology and asthma management. This study will only
consider participants whom we select through purposive sampling since their relevance for the
subject matter serves as the basic criterion. The study reaches its target audience by
interviewing professionals who utilize smart inhalers or have the authority to make decisions

about their clinical implementation.

The research design includes open-ended inquiries structured with semi-structured questions

to investigate smart inhalers from various angles regarding user perceptions, together with
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benefit prospects alongside evaluation barriers, and funding constraints, alongside electronic
health's part in asthma care. The interviews will assess health facility preparation and
understand patient cooperation elements, and examine system limitations impacting the
practicality of intelligent inhalers within Indian medical settings. The duration between 40 to
60 minutes will be available for participants to fully express their experiences during each

interview session.

Healthcare professionals will have the convenience of conducting their interviews either
remotely through Zoom or Microsoft Teams or face-to-face to meet their busy professional
schedules. Virtual interviews represent a practical solution to connect with participants who
are stationed across various regions by maintaining data collection standards even though
distance is a factor. Each participant receives an information sheet with a consent form ahead
of each interview to gain full understanding about research goals and confidentiality practices

and withdrawal rights.

The interviews will record audio with participant permission to guarantee accurate data
collection. The transcripts obtained from audio recordings will provide detailed bases for
thematic analysis. The research integrity depends on letting participants examine and
authenticate their interview transcripts by member-checking as described in Nowell et al.

(2017).

The research utilizes both primary data collection methods along with documentation from
published research articles and policy documents from organizations like Global Initiative for
Asthma (GINA) and World Health Organization (WHO) and other health organizations.
Additional supporting information is derived from published research papers and
governmental policy documents and organizational reports about smart inhaler implementation
across regions and globally thus enriching results obtained from direct interviews and scholarly
works. Data protection together with data privacy matters significantly for this investigation.
The storage of audio recordings together with interview transcripts and notes takes place on
secure university servers through password-protected and encrypted files. The assessment
processes will eliminate personal identifiers before adding pseudonyms to each participant to
prevent participant identification. India’s Digital Personal Data Protection Act (DPDPA) and
the General Data Protection Regulation (GDPR) for international participants will receive strict

compliance to ensure complete participant confidentiality.

Using semi-structured interviews alongside secondary sources for research allows this study to

derive findings that combine practical data collection with theoretical background knowledge.
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The study method allows researchers to analyze all elements that drive smart inhaler adoption
in India while combining real-world expert knowledge with academic research and policy
analysis. The following stage details data analysis procedures that explain the system for

handling received data before transforming it into significant end products.

3.5 Data Analysis Method

The study focuses on healthcare professionals' opinions regarding the use of smart inhalers in
India and uses thematic analysis to find patterns in qualitative data. Without depending on pre-
established categories, this adaptable approach enables themes to arise immediately from

participant accounts (Braun & Clarke, 2006).

This study is best suited for thematic analysis, which integrates deductive and inductive coding
to identify novel themes and connect them to previously published works. It assists in
determining both superficial and more profound insights into the adoption hurdles and
impediments to the deployment of smart inhalers in Indian healthcare institutions (Nowell et

al., 2017).

A six-step thematic analysis framework developed by Braun and Clarke (2006) guides this data
analysis process at its core. A researcher focuses on familiarizing themselves with the data,
followed by initial code generation, before theme search and review, and then theme defining
and naming, before final report production. The combination of structured and adaptable steps
results in qualitative data interpretation through methods that preserve participant experiences

while producing a systematic organization that enhances understanding.

Interview transcription and a careful examination of the data through several readings are the
first steps in the analytical process. Initial observations are noted by researchers, who also take
into account non-verbal clues and strong expressions in addition to repeating phrases and
important assertions. This procedure lays the foundation for organized coding by increasing

sensitivity to the data (Nowell et al., 2017).

The next step is generating initial codes by identifying key phrases and patterns in the data,
line by line. These codes, developed inductively from the data itself, help organize participant
experiences into distinct units. For example, financial challenges are coded under "Cost and
Affordability Challenges" based on multiple participant discussions. The analysis software
tools NVivo and MAXQDA provide qualitative researchers with an efficient platform to build
accurate coding schemes that enhance data retrieval for further examination (Creswell & Poth,

2018).
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Researchers organize linked codes into more general themes in the second phase. "Lack of
Digital Infrastructure" and "Limited Healthcare Staff Training" are two codes that make up the
subject "Technological Barriers to Smart Inhaler Implementation." This process provides a
thorough grasp of healthcare professionals' opinions regarding digital asthma care in India by
identifying important topics such as patient non-adherence, provider resistance, and regulatory

hurdles (Braun & Clarke, 2006).

The identified potential themes receive thorough evaluation to create precise definitions that
effectively represent major elements from the data. Researchers need to revisit all coded
extracts systematically for each selected theme to maintain thematic integrity along with unique
distinctions from other themes. Some themes receive changes through merging or
modification, or elimination, because they fail to demonstrate enough supporting evidence or
replicate other thematic content. The researcher verifies that all established themes match both
the theoretical framework and research objectives of the study, which effectively captures the
complete viewpoint of healthcare professionals toward smart inhalers (Nowell et al., 2017).
This phase makes important structural adjustments to the study by strengthening themes that

demonstrate both accurate analysis and meaningful relationship to the research subject.

The next stage involves definitizing and naming the themes to deliver their essential definitions
and exact meanings. The research team provides descriptive labels that represent the core
meaning of each theme which also receives an explanatory discussion about its significance.
The theme definition process includes an assessment of sub-themes which help researchers
represent different patterns in participant viewpoints. The "Financial Barriers to Smart Inhaler
Adoption" theme features sub-themes about "Lack of Insurance Coverage" and the devices'
"High Device Costs" and "Limited Government Funding." The analytical process becomes
clearer when themes get defined through properly structured methods which make readers

understand the research findings better (Creswell & Poth, 2018).

Report generation signifies the end of thematic analysis by creating a narrative that connects
research findings to research questions while linking them to previously published studies. The
researcher analyzes the outcomes by integrating direct interview subject quotes to establish the
usefulness of digital asthma care methods in India. Research findings from this study are
analyzed against both academic works and practical healthcare policy requirements, as well as
healthcare operational problems (Braun & Clarke, 2006). The report builds a detailed

understanding of healthcare professionals' perspectives toward smart inhalers with digital
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monitoring devices through a systematic presentation of thematic analysis combined with

authentic evidence.

The analysis process implements strict ethical and methodological safeguards to guarantee the
reliability and credibility of the discovered information. Nowell et al. (2017) outline several
strategies, such as analyzing secondary data alongside primary findings and obtaining
participant feedback, and conducting self-analysis in interpretation to establish the validity of
research outcomes. This study employs Braun and Clarke’s (2006) systematic thematic
analysis framework to authenticate healthcare professional insights for methods-based analysis
of practical insights. The following chapter will display results and discourse derived from this
thematic evaluation, which connects discovered themes to the general research goals and

environmental circumstances.

4.0 Overview of Findings and Thematic Analysis

This research section describes data findings drawn from eight semi-structured interviews with
Indian healthcare providers situated in various hospital sectors. The analysis procedure adheres
to Braun and Clarke’s (2006) six-step thematic analysis method to enable the recognition and
interpretation of regular patterns and themes that appeared in interviewee responses. The
research investigates Indian healthcare staff perspectives about implementing smart inhalers
with digital tracking devices for asthma management through investigations of their
understanding of clinical value and their assessment of existing structural readiness and

regulatory framework alongside behavioral dynamics.

All study-based findings align with the fundamental research objectives and the established set
of inquiries. The study yielded vital information about medication adherence behaviors,
together with details about asthma diagnosis frameworks as well as health professionals'
perspectives on smart inhaler benefits and constraints, and the challenges at systemic and
policy levels for implementation. The study participants presented detailed descriptions of their
day-to-day practices, together with their concerns regarding asthma care delivery and their
perspectives on smart digital inhaler implementation in healthcare structures. The chapter
integrates direct interview quotations that both support major concepts and preserve

interviewees' genuine deep experiences (Nowell, L.S. et al., 2017).
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Figure 5: Braun & Clarke thematic analysis

4.1 Medication Adherence and Patient Behaviour

The ongoing problem regarding long-term medication adherence of asthma patients remains a
frequent concern expressed by healthcare professionals in public as well as private sectors. The
use of asthma inhalers tends to be discontinued by patients after symptoms disappear which
results in deteriorating asthma control and new flares of the disease. Multiple interviews
indicated this problem as a prevalent behavior that damages successful asthma management

across the Indian healthcare system.

Patients fail to keep to their planned treatment course according to Participant 1. On recovery
from symptoms patients discontinue using their inhalers before returning to them during
periods of deterioration. Participant 5 underscored how many patients abandon their
medications shortly after their symptoms fade away. The available methods to monitor
medicine compliance between clinic appointments are not dependable. The data indicates that
asthma care monitoring remains a major challenge at healthcare facilities possessing better

resource availability.
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Young asthma patients along with those with chronic or paediatric asthma struggle with
medication administration because their care depends on caregivers. According to Participant
8 it is difficult to handle pediatric asthma because medication adherence depends on both the
child and their parents to continue follow-ups after symptoms disappear. That’s risky.” The
outcomes of asthma care strongly depend on behavioral factors that both derive from health

literacy levels and patient-perceived need.

Participants believed smart inhalers would offer partial solutions to the current adherence
problems. The participants recognized the benefits of remote tracking and notification systems
in helping patients stay committed to their treatment. Each patient receives notification prompts
about medication use while doctors receive inhaler usage information and timing through the
system according to Participant 3. Participant 6 indicated "Healthcare providers can prevent
emergency room visits by intervening when someone is not using their medication effectively."
Patient engagement shows great optimism about smart inhalers as devices to improve asthma

control conditions especially when regular care check-ups are difficult to obtain or unreliable.

All potential advantages of digital tools hinge on patients both being willing and able to use
these tools. A participant named 7 noted "Most young urban instrumented professionals accept
fitness trackers and health software programs but they withdraw from asthma smart devices
because of price and complexity." The success of smart inhalers depends on simultaneous work
with patient education programs and digital engagement approaches because patients must be

willing to use them.

4.2 Diagnostic Infrastructure and Clinical Practices

Participants frequently emphasized the challenge of obtaining reliable diagnostic equipment
for asthma care management between private metropolitan hospitals and both rural public
facilities and secondary urban community facilities. The investigation surrounding diagnostic
tools in asthma treatment aligns precisely with the second research inquiry about Indian
diagnostic equipment and treatment challenges in public healthcare facilities. Research
participants have observed how peak flow meters need patients to make voluntary
measurements because these tools do not have accurate measurement functions. A senior
medical officer working in a government district hospital noted that "We only have peak flow
meters that are unreliable at times..." According to P4, “Many patients receive treatment based

solely on their symptoms because our setting lacks better alternatives.”
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In urban tertiary care facilities, alongside private medical institutions, spirometry systems as
well as fractional exhaled nitric oxide (FeNO) testing equipment were available, but not all
patients could access these tests due to cost limitations. The pulmonologist at the urban hospital
stated, "Spirometry equipment is present in our facility, and we perform testing regularly since
proper execution produces accurate results." A test for FeNO exists, yet its cost makes it very
expensive to access frequently (P1). An imbalance in medical facilities stands out due to its
effect on both the accuracy of diagnoses and patient care processes, including timely treatment

strategies.

Participants observed that diagnostic tools that were physically present at health facilities
received minimal usage from medical staff members. A junior resident in a government medical
college department possesses both spirometry and peak flow meters but frequently omits their
use with patients because of time limitations (P6). Many patients fail to grasp why they need
tests, according to the participants' observations (P6). The data shows that restricted actual
utilization occurs due to demanding medical responsibilities and insufficient patient

understanding of care.

The assessment process used by patients for diagnosis often relies on symptomatic indicators
because they do not get confirmatory testing, according to pharmacists and allied healthcare
providers. Patients from the pharmacy settings tell pharmacists about their symptom-based
diagnoses according to the employee of the corporate pharmacy (P7). Enrollees receive

spirometry testing only when going to a pulmonologist’s office but not otherwise (P7).

Research indicates that India’s asthma care diagnostic procedures exist as disconnected parts
throughout the system. A failure or limited use of spirometers within many public healthcare
facilities strengthens existing diagnostic disparities between patient groups thus impacting both
short-term treatment decisions and sustained asthma management. The existing infrastructure

problems need solutions so digital solutions like smart inhalers can work properly.

4.3 Perceptions and Clinical Value of Smart Inhalers

Healthcare providers in India demonstrate their level of awareness and attitudes and their
assessment of clinical value regarding smart inhalers. The evaluation of interview data showed
professional consensus about smart inhalers having solid theoretical advantages which help
people stick to their medications and track symptoms and identify disease progression early.

Research Objective 2 and Research Question 3 received feedback from participants given the
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challenges arising from cost factors and technical implementation feasibility alongside the

Indian healthcare background.

Several study participants showed understanding of smart inhalers by defining them as
electronic devices with sensors that connect through Bluetooth for tracking inhaler usage while
sending alert notifications. The pulmonologist described smart inhalers with sensors and
Bluetooth technology as “Yes, I've read about smart inhalers that come with sensors and
Bluetooth...” According to P1, a smart inhaler system appears successful in principle since it
enables both medication monitoring and rapid medical intervention. In his expert opinion, a
consultant pulmonologist said that smart inhalers provide valuable tracking capabilities,
specifically when monitoring adherence with patients who experience frequent severe episodes

(P5).

Staff members operating in facilities that are both government-run and semi-urban
demonstrated lower knowledge about the direct applications of smart inhalers, while they
maintained neutral expectations about the technology. According to senior medical personnel,
a senior colleague working as a hospital-based physician described smart inhalers, but doctors
did not consider these devices applicable for treating their patient population (P4). "When it
comes to asthma care equipment, the physician from a semi-urban public hospital believes they
work best for metropolitan areas" (P2). The medical staff in our region doubts the successful
implementation of similar technology (P2). Staff members understood the potential benefits of

the innovation for asthma care management, although they had limited practical experience.

Medical staft members acknowledged smart inhalers have potential value to enhance treatment
adherence because they provide automated reminder systems and real-time usage analytics.
The junior doctor noted that these devices supply users with alert systems and tracking
functions which promote better patient-doctor communication. Such preventive care benefits
would truly increase through the implementation of smart inhalers (P6). The respiratory
therapist mentioned: "Patients receive medicine instructions and doctors gain inhaler usage
data so we can approach patients when we notice low usage helping doctors identify problems
early" (P3). Health professionals treating children viewed smart inhalers as essential devices
for patient monitoring. The doctor commented "Early intervention would become possible
when parents receive alerts together with usage tracking." The system would enable doctors to

decrease emergency room attendances (PS).

Medical staff recognized that smart inhalers will lead to enhanced communication channels

with their patient population. The pharmacist imagined connecting smart inhalers to pharmacy
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systems since automated tracking combined with reminder notifications would enhance
habitual adherence (P7). The system could connect to pharmacy refill notification services
(P7). The users understood smart inhalers to serve more than adherence functionality because

they formed a vital component for a comprehensive coordinated care approach.

The respondents established these advantages under the condition that healthcare systems
maintained sufficient infrastructure and patients demonstrated digital competence. The primary
challenge to expanded inhaler coverage will persist since “unless we address basic issues such
as medication availability and digital systems” faces limited availability in urban or private
domains (P4). The reflections showed understanding that technology cannot overcome
systemic asthma control challenges independently yet demonstrates meaningful value when
healthcare policies support it with sufficient funding along with education resources for

patients.

4.4 Barriers to Implementation

The analysis reveals the principal hindrances which participant experts have named regarding
smart inhaler adoption in India's healthcare framework through technological, financial,
behavioural, and ethical restrictions. The study results fulfills the aims of research objectives 3
while addressing research questions 4 which analyze Indian adoption challenges related to

finance, technology and behavior.

The expensive nature of smart inhalers was the primary barrier acknowledged by participants
since affordability issues made them out of reach to patients throughout both governmental
medical facilities and rural areas. The district hospital medical supervisor described financial
obstacles as tremendous. Many locations across India receive government supplies that fail to
satisfy their basic medicine requirements (P4). A pharmacist stated that tracking devices were
beneficial but costly products that many patients could not afford (P7). The majority of
customers choose economical options whereas technical equipment remains unknown to them
(P7). Research discoveries reveal the main issue that price barriers create difficulties in

reaching broad health services while potentially increasing disparities across populations.

The main deterrents against technological advancement included both high costs and limited
preparation of existing infrastructure. Smart inhaler integration faced challenges because most
government hospitals and clinics worked without essential digital systems. A general physician
commented that the facility has restricted infrastructure because they have no electronic

medical records or internet services within their outpatient departments. We still use paper
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files” (P2). Semi-digitised environments experienced ongoing obstacles with digital systems
providing care. The integration process of external devices which include smart inhalers
presents the biggest challenge according to a junior resident staff member. The implementation
of IT coordination together with staff training would become necessary for its successful
execution (P6). The research shows that the best-designed devices would not succeed in
providing clinical value to resource-constrained settings when basic digital infrastructure

support is absent.

Digital literacy and the resistant behavior of patients proved to be frequent barriers according
to study findings. Older patients together with individuals with lower education levels
commonly showed hesitation when using technology according to several research
participants. The respiratory therapist observed that various patients expressed hesitancy
toward tracking processes, which led to discomfort. Patients do not fully trust technology and
therefore require assistance to properly operate the systems (P3). Parents tend to resist
accepting modern technologies for their children, as indicated by a paediatrician (PS8). The
observations established those behavioral aspects, together with levels of trust combined with

health literacy, significantly affect patients' reactions to digital medical tools.

The public expressed strong concerns about the protection of digital inhaler privacy, combined
with their ethical use. The participants revealed their worry regarding secure data storage of
their usage information while expressing concerns about consent protocols, since current
regulatory standards are insufficient. According to the pulmonologist, actual privacy problems
exist because of privacy concerns. Patients typically enquire about the entities that gain access
to their data usage information and how leaks would be managed (P1). Another participant
expressed doubt about using such data for medical decisions unless there are established
consent practices together with proper policies in place (P4). The ethical unpredictability of
Indian digital health tools creates patient consent and autonomy issues which require safety

measures for valid patient participation.

Medical staff members faced related challenges along with the difficulties experienced by
patients. Different professionals recognized their insufficient knowledge about the subject and
training requirements. The pharmacist declared that “Pharmacists require device demo tools
and digital monitoring interfaces in addition to counseling resources” (P7). The participant
added that clinical staff should receive education in device operation as well as training in
interpreting and fixing technical issues (P6). Professional development needs to be continuous

because it enables healthcare providers to use smart inhalers properly and effectively.
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4.5 Discussion

Primary findings serves this chapter to respond to five research questions while fulfilling the
established research objectives from Chapter 1. The research investigated how medical staff
from India view digital asthma management tools embedded in advanced inhalers by
examining their implementation process under the specific healthcare conditions of this nation.
The results obtained from eight in-depth interviews receive thematic analysis with scholarly
interpretation that follows Chapter 2 delivery of academic literature. The discussion
incorporates thematic analysis findings using Braun and Clarke’s (2006) framework and

positions this information in relation to academic and policy fields.

4.5.1 Understanding Clinical Perspectives and Challenges in Asthma

Management

The first research goal examines Indian healthcare professional opinions about implementing
smart inhalers in asthma care through this section. It also responds to the first research question:
How do asthma management practices differ between developed and developing economies,

and what are the key challenges faced in LMICs like India?

Chapter 4 findings showed that India mainly depends on traditional medical treatments with
bronchodilators and inhaled corticosteroids while offering inadequate educational support and
poor post-treatment care structures. Private hospitals in urban areas possess advanced
diagnostic tools and treatment standards yet most public hospitals as well as semi-urban clinics
in India provide limited diagnostic facilities including spirometry or FeNO testing. The
separation between urban-rural healthcare delivery and public-private medical facilities

produces independent levels of asthma care standards and treatment maintenance.

The study results confirm the information presented in Chapter 2 of the literature review.
Standardized asthma care programs, including patient monitoring along with education and
digital medication adherence technologies, are used by nations with high economic strength
according to the Global Asthma Report (GINA, 2022) and Masoli et al., 2004). The diagnostic
and treatment systems for asthma care in India, alongside other Low and Middle-Income
Countries, suffer from basic infrastructure problems and poor awareness about asthma, which

is highlighted by the Global Asthma Network (2018).

Chapter 4 demonstrated that healthcare professionals face frequent challenges related to non-

adherent patients who delay follow-ups at public healthcare institutions. According to Apter et
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al. (2013), monitoring needs to be continuous alongside tailored interventions to enhance
adherence in chronic respiratory care. Sustained monitoring becomes challenging due to the
absence of proper health information technology integration, which mainly affects public

hospital facilities.

4.5.2 Devaluating the Role of Diagnostic Devices and Their Impact on

Asthma Treatment

The second research aim focuses on determining how healthcare staff perceive that digital
health technologies affect medication adherence and symptom management, and patient
outcomes. It aligns with the second research question: What role do diagnostic devices play in

asthma care, and how do disparities in diagnostic infrastructure impact asthma treatment in

India?

Associated diagnostic equipment demonstrates significant variations both in their presence and
implementation patterns within Indian healthcare facilities, according to Chapter 4. Through
their continuous work at urban private hospitals along with corporate-linked institutions,
participants used spirometry while some used FeNO testing. The staff members from public as
well as semi-urban hospitals reported using either peak flow meters or conducting assessments
based solely on patients' asthma symptoms. The diagnostic discrepancy between testing
methods hinders both proper asthma classification procedures and customized treatment

preparations as well as prevention approaches at early stages.

The data collected in this study conforms to the academic findings presented in Chapter 2.
Accurate diagnostic workup procedures, including lung tests, provide essential information for
developing effective long-term asthma management according to Rabe et al., (2004)and
Cazzoletti et al.,(2007) .The WHO (2021) points out that insufficient diagnostic tools in LMICs
often cause diagnostic errors or result in under-diagnosis which continues to maintain asthma
symptom recurrence and worsening of asthma conditions—points that reflect participants'
reports about patients who seek care only during asthma attacks because follow-up systems fail

patients.

Study participants identified smart inhalers among digital health tools which could fill
diagnostic gaps since they offer real-time device monitoring and symptom tracking
capabilities. Medical experts consider digital health tools acceptable only when infrastructure

and necessary technological support systems are present. The study by Badr J, Motulsky A and
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Denis J (2024) supports that digital monitoring devices improve diagnosis precision and patient

care progression when healthcare institutions and patients receive proper preparation.

Primary healthcare providers recognize both diagnostic benefits of smart inhalers and digital
platforms yet these advantages currently exist at a theoretical level in many Indian healthcare
facilities because of existing disparities. The achievement of this outcome needs more than
equipment provisioning because it demands a well-planned approach to training staff and

developing both systems and capacity within institutions.

4.5.3 Assessing the Impact of Smart Inhalers on Adherence and Asthma

Control

The third research objective explores the significant hurdles of technological, financial,
facility-related, along ethical challenges which hinder the adoption of smart inhalers within
India's healthcare system. Correspondingly, it seeks to answer the third research question: What

impact do smart inhalers have on medication adherence and asthma control outcomes?

Almost every healthcare professional participant in Chapter 4 agreed that smart inhalers hold
promise to enhance patient treatment by sending reminders and keeping usage history records,
and providing remote tracking features. The reported opinion of healthcare workers at digital
clinics, together with private hospitals in urban areas, indicated that these tools demonstrate
essential value in active asthma care by helping doctors identify when patients stop using their
medications so they can step in for early intervention. The study results of Chan et al. (2015)
and Foster et al. (2014) showed that continuous usage of smart inhalers decreases exacerbation

events and emergency department visits.

Several structural limitations as well as behavioral barriers prevent the large-scale practical
utilization of these devices. Public hospital staff along with pharmacy workers and personnel
from smaller clinics expressed financial access barriers as well as insufficient digital
capabilities combined with inadequate infrastructure and varying degrees of data privacy
apprehension. The cited challenges closely match the concerns identified in Chapter 2 by
Himes et al., (2019) which stressed that smart inhalers exhibit technological feasibility despite
the barriers of affordability and patient education deficiencies together with privacy concerns

regarding data tracking.

The failures in adherence behavior stem from more than just forgetfulness alone. The difficulty
that patients face with long-term medicine use matches the findings of Oudin Doglioni ef al.

(2021), who examined how patients discontinue inhalers after their symptoms subside. The
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effectiveness of smart inhalers against non-adherence through forgetfulness can still be limited
since they need comprehensive patient education and multiple feedback mechanisms from

clinicians to transform deliberate non-compliant actions.

The data shows that smart inhalers demonstrate potential added value but their performance
for enhancing both adherence and treatment results relies on a comprehensive system
consisting of cost affordability and digital technology networks together with physician trust
in exchanged data and patient acceptance. Smart inhaler implementation requires combining
technological deployment with systemic reform and community education as results indicate

their necessity.

4.5.4 Evaluating Barriers to Smart Inhaler Adoption in India

Through examination of hospital setups and emerging technologies together with government
health policies this section fulfills its research goal of understanding digital asthma
management solution rollout in India. It also seeks to answer the fourth research question: What
are the economic, technological, and behavioural barriers affecting the adoption of smart

inhalers in India?

Multiple barriers identified in Chapter 4 illustrated why Indian medical facilities failed to
include smart inhalers in their medicine stockpile. The research results show that financial
challenges serve as the key barrier in public and private healthcare facilities that do not provide
essential asthma medication at government hospitals. The research findings from Chapter 2
confirm the findings of Sarbadhikari and Sarbadhikari, (2020), who explained how financial
limitations and delayed procurement delay the accessibility of chronic disease technologies in

Indian low-middle-income settings.

The inadequate technological infrastructure posed an additional major challenge among
participants. The study participants working in both government hospitals and semi-urban
facilities identified insufficient internet connectivity as well as missing electronic medical
records and inadequate IT support as essential conditions for the successful integration of smart
inhaler technology into clinical practice. Digital health interventions in India have proven to
run ahead of the preparedness levels of healthcare institutions, based on Sharma et al.,(2015),

especially in rural and public healthcare systems.

Behavioral resistance proved to be an important finding within the research data. The workers
in healthcare explained that older patients, along with individuals from low socioeconomic

backgrounds, typically do not trust digital tools or possess the ability to use them competently.
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Results from Meher and Sinha (2019) validate that Indian health care providers avoid adopting
new technology because of their distrust in medical innovation. Results from the interviews
demonstrate consistent ethical concerns about patient data privacy and consent, thus validating
claims from Thomas and Kurian (2021) regarding India's lack of proper digital health

legislation.

The adoption of smart inhalers involves more than technical barriers because it requires
solutions that address both affordability concerns and infrastructure development and
regulatory specifications as well as behavioral change readiness. The clear understanding of
potential benefits by healthcare professionals concerning smart inhalers cannot materialize

unless national regulations sustain their routine adoption.

4.5.5 Policy Recommendations for Smart Inhaler Integration in India

The researcher aims to collect insights regarding smart inhaler use and integration strategies
from health experts alongside their policy suggestions at the implementation level for India's
asthma care system. It also responds to the fifth research question: What policy
recommendations can be made for policymakers and stakeholders to facilitate the integration

and widespread adoption of smart inhalers in India's healthcare system?

A strong majority of study participants in Chapter 4 demanded government policy support to
promote smart inhaler use. All healthcare providers public and private demanded government
insurance benefits and subsidies to obtain financial access to these devices. The participants
advocated for smart inhaler inclusion in public health programs including Ayushman Bharat
which supports other studies recommending digital health innovations take place through

national schemes (Rajadhyaksha, 2020).

Multiple participants highlighted those insufficient official guidelines and regulatory
definitions acted as fundamental structural obstacles. The survey participants observed that the
Ministry of Health together with Indian Council of Medical Research (ICMR) had not issued
any protocols to standardize asthma digital technology tools. NDHM provides India with a
basic digital health framework but according to Narayan and Mehta (2021) disease-specific

policies for digital health tools such as smart inhalers remain in development.

The participants identified both training and capacity building as essential requirements. The
participants called for organized teaching materials aimed at medical professionals as well as
pharmacists and nurses to master inhaler techniques and decode device information while

providing effective patient interactions. WHO (2019) demonstrates that digital health success
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in LMICs depends on two essential factors including technology rollout together with prepared

healthcare personnel and backing from regulatory bodies.

5. Conclusion and recommentations

5.1 Introduction

This final chapter synthesises the study's findings and connects them to the broader research
context surrounding the integration of smart inhalers into India’s healthcare system. The
chapter addresses how the research objectives were met through a thematic analysis of
interview data from healthcare professionals and discusses the contributions, limitations, and
implications for policy and future research. Furthermore, it reflects on the researcher's journey
and methodological learnings, especially in relation to conducting qualitative health research
in a low- and middle-income country (LMIC) context.

The research responds to ongoing concerns regarding the burden of asthma in India and the
potential of digital tools to address treatment non-adherence and poor monitoring, which
remain leading causes of avoidable morbidity (WHO, 2024). Smart inhalers—equipped with
electronic monitoring, reminder systems, and data-sharing features—offer promising
technological interventions that have demonstrated success in high-income countries (Amber,
2023). However, as highlighted in this study, their introduction in India is shaped by
infrastructural disparities, cultural perceptions of digital surveillance, and economic inequality,

echoing patterns observed across LMICs (Akhlaq et al., 2016)

5.2 Summary of Key Findings

This study contributes value to the developing discourse around adoption of digital health in
India through the presentation of the perspectives and practical experiences of healthcare
professionals in India employing digital health in asthma patients. First, the study gives
firsthand insight into how well smart inhalers can accommodate Indian healthcare settings, an
area often neglected by local research. It is demonstrated that smart inhalers are not only
perceived as technology but also as accelerators of communication, accountability, and early
intervention in asthma management, reflecting global attempts to implement electronic
monitoring in regular (Kaplan et al., 2023).

Second, the subject of investigation is specific difficulties in implementing smart inhalers in

India’s low-resource, heterogeneous health-care system, which brings new ideas to the subject
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area. Much research on the affluent environments has been done on the positive impacts of
smart inhalers (Chan et al., 2015). In the light of these findings reported by Chan, Stewart and
Harison 2015) this study presents the findings in the light of India where infrastructural
challenges, affordability issues, and uncertain regulations are noticeable (Mckie, 1990)

The research ends with practical recommendations to policymakers. It evidences critical
structural barriers such as the lack of training in national asthma guidelines, inadequacy of
patients’ digital skills, and lack of clinician preparedness in the light of the recommendations
required for more inclusive access to smart inhalers. Such results are especially significant to
public health officials working on the integration of smart healthcare solutions within the

Ayushman Bharat Digital Mission (NHA, 2022).

5.3 Contribution

This study provides practical and theoretical value to the discussion of digital health adoption
in India because it examines the perspectives of healthcare professionals, who provide asthma
care. First, it reveals an insider’s report of where smart inhalers fit within Indian healthcare,
given the lack of recent empirical studies.

Second, this research adds value to the knowledge base by critically examining the challenges
associated in rolling out smart inhalers in the unique healthcare setting of India. Previous
studies have already reported some benefits of smart inhalers in rich healthcare environments,
and this work looks at the scenario in India. Finally, the study provides useful
recommendations for policymakers. It highlights critical structural issues, including the lack of
nationwide asthma digital policies, lack of patient technologic aptitude, and the dearth of
training clinical personnel in these areas to be addressed in the interest of promoting fair
implementation of the intelligent inhaler plan. This work presents major recommendations for
public health decision-makers, especially given the context of initiatives such as the Ayushman

Bharat Digital Mission (NHA, 2022) for digital health innovations.

5.4 Limitations

Although a lot of qualitative data is provided, it is important to note a number of limitations
that can hamper the applicability and scope of the research implications. Firstly, although the
methodological approach defends a thematic analysis, the sample only consisted of eight
healthcare professionals with most of them in urban and semi — urban settings. Thus, the

findings might not actually represent the experience of healthcare professionals in remote or
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tribal areas who lack access to healthcare (Creswell and Poth, 2018; Sharma, Sethi and Gupta,
2015).

Secondly, using only self-reported data gathered through semi-structured interviews can result
in biased replies. Responses may be biased by the comfort with or familiarity that respondents
have with digital technologies, creating different degrees of optimism or doubt. Additionally,
reliance on provider input in this study implies that patients’ Ramsey et al., (2020)Decisively,
this research was carried out at a time when India’s digital health policy landscape has been
constantly changing. Since regulatory frameworks are being changed more and more often,
especially after adopting the Ayushman Bharat Digital Mission results NHA, 2022). In the
midst of these difficulties, the work produces a plausible and contextually suitable analysis of

a topic that has received little focus in Indian health settings.

5.5 Recommendations for Further Research

This research opens the door to other studies which will allow us to delve deeper into
understanding the start of smart inhalers in different healthcare settings in India. Future studies
should elicit input from patients with specific focus on the underrepresented or rural groups.
Analyzing the behavioural, cultural, and educational barriers to the experience of patients may
throw some light on the technology acceptability and adherence (Apter and Wan, 2013; Horne
and Weinman, 2002). The collection of patients’ input will help to ascertain the degree to which

digital interventions influence health outcomes, patient empowerment.

Second, further validation of the presented themes for larger populations should be established
through studies using quantitative or mixed methods approaches. By way of example,
additional research could establish whether the use of smart inhalers increases medication
compliance, decreases emergency admissions, and increases asthma control among persons
treated in both the public and private hospitals (Foster et al., 2014). Chan, Stewart and Harison,
2015). Longitudinal studies may give insights on how the progression of digital asthma
management proceeds with the updating of health policies.

An important area for additional research efforts includes how legal and moral issues occur
from patient information exchange during digital asthma care. Additional work is required to
clarify the impact of privacy concerns on clinician and patient participation, particularly India
lacking formal digital health regulations at present (Jain, 2023; Akhlaq, McKinstry, &
Muhammad, 2016). Akhlaq, McKinstry and Muhammad, 2016). Such studies would help to
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craft national policies that weigh privacy protection with digital healthcare advancement

support.

5.6 Researcher’s Reflection

The process of completing this dissertation brought intellectual and personal growth together.
My research journey between conceptual idea development and clinical fieldwork with medical
staff across Indian health settings developed my knowledge of actual obstacles during digital

health adoption within resource-limited care facilities.

The available literature originally led me to believe that smart inhalers would be practical in
India before I confronted the real-world obstacles during my research process. The semi-
structured interviews alongside thematic analysis provided deeper insight into the diverse
healthcare provider barriers including structural obstacles alongside monetary obstacles and
ethical challenges related to patient information privacy. The experience taught us that
innovative technology needs to adapt to local healthcare structures as well as societal cultural

standards.

The social constructivist interpretivist standpoint enabled me to accept the authentic
experiences of healthcare providers in my approach. Such increased self-reflexivity forced me
to repeatedly analyze my personal position together with my biases as well as the interview
effects. I became more aware of how professional position and institutional affiliations may
influence participant responses so I took steps including active listening and follow-up

questions as well as maintaining participant confidentiality throughout the entire process.

The methodological application of Braun and Clarke’s (2006) thematic analysis six-step
framework proved to be a valuable learning experience. The methodology enabled me to go
past simple observations so I could identify core themes which supported my research
objectives. Discovery of deeper patterns concerning doubts about digital surveillance and
infrastructure inequalities enabled researchers to explore aspects which they originally had not

considered.

5.7 Conclusion

This research ends with a synthesis of smart inhalers and digital monitoring devices' effects on
Indian asthma management according to medical frontline workers. The research contributes
practical suggestions and theoretical insights to the field, along with establishing necessary

research and policy development directions.
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SECTION 1: DESCRIPTION OF RESEARCH STUDY

1.1 Purpose and objectives of research

This research aims to assess whether and how smart inhalers with digital monitoring devices can
be implemented for asthma management in India. Although smart inhalers provide proven benefits
in improving medication adherence and reducing hospitalizations, the uptake of smart inhalers in

India is still limited, constrained by financial, technological, and infrastructural factors.
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In this study, an attempt is made to understand the healthcare professionals’ perception towards the
integration of smart inhalers in Indian clinical settings. Additionally, it aims to find out the key
barriers and enablers that hamper or support their implementation of asthma care in India and to

discuss policy recommendations for achieving their adoption in the asthma care system.

To achieve this, the research will focus on the following objectives:

1. To understand what Indian doctors and nurses think about bringing smart inhalers into
hospitals to help manage asthma.

2. To find out how these healthcare workers think digital health tech might affect how well
patients take their meds, control their symptoms, and get better overall.

3. To explore the main obstacles—such as tech hurdles, cost issues, facility shortcomings, and
moral dilemmas—that might slow down the use of smart inhalers in India's healthcare
system.

4. To study how hospital setup, upcoming technology, and government health rules affect the
rollout of digital asthma management control solutions in India.

5. To gather insights from health experts and their policy ideas on how to increase the use and

integration of smart inhalers into India's current asthma care system.

1.2 Research methodology: [300 words maximum/ detail how you will acquire your primary data (focus
groups/interviews/online surveys etc). Proposed questions for questionnaires and/or interviews must be included in the

appendix].

The Research Onion framework developed by Saunders is used as a guideline for this study to design
a sound and coherent research methodology. In the outermost layer of the study, the research
philosophy taken is that of an interpretivist, since this will provide an understanding of healthcare
professionals' lived experience and perceptions about the use of smart inhalers in asthma care.
Capturing multiple realities influenced by social, institutional, or cultural variables is what makes
interpretivism suitable. The theory developed follows an inductive approach, whereby themes and
insights are derived from the data collected as opposed to testing preexisting theories. This is in sync
with the exploratory nature of this study, which intends to find out context-specific challenges in
India. As for the research strategy, the study utilizes a qualitative approach and data collection
technique, through which semi structured interview was employed as the main technique to gather
data. By doing this the researcher is given the ability to be flexible during the span of the interviews
and remain consistent across the interviews. Saunders mentions that such a strategy is excellent to
use for research with the requirement of deep contextual understanding. The use of a mono-method
of qualitative design with a crosssectional time horizon is used, where data will be collected within

a fixed time frame. Next, 10 to 15 Healthcare professionals (pulmonologists, General physicians,
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Hospital administrators, etc) with experience in digital health and asthma management will be

purposively sampled. With informed consent, there will be virtual interviews with a recording.

Thematic analysis will be used to analyse data, under Braun and Clarke’s six-phase process. The

appendix contains the provided interview questions. Ethical clearance will be sought, and data will

be anonymised and stored reliably following institutional and GDPR guidelines.

SECTION 2: POSSIBLE ETHICAL ISSUES

Answer 'yes' or 'no’ to the following questions.

SUBJECT MATTER
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Research into politically and/or racially/ethnically and/or commercially sensitive areas
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Research that may negatively affect the reputation of Griffith College/Innopharma
Use of personal records without consent
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Audio or visual recording without consent

Using a language other than English

PARTICIPANTS

Does the research proposal involve:
People who are not competent and/or fluent in English

Does your research group include any of the following vulnerable groups

No

No

(Adults with psychological impairments; Adults with learning difficulties; Adults under the protection/control /influence of
others (e.g. in care/prison),; Relatives of ill people (e.g. parents of sick children); Hospital or GP participants recruited in a

medical facility; persons under the age of 18)

If you have answered NO to ALL questions, please go straight to Section 4.

If you have answered YES to ANY question in SECTION 2. you must fill in SECTION 3.
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SECTION 3: STEPS TAKEN TO AVOID ETHICAL ISSUES

[Only fill in this section if you answered YES to ANY of the questions in Section 3. For example, if you answered yes to
including participants who are not fluent in English, you might put forward a plan that offers your survey in two languages
to take this into account. Another example could be a study where the researcher wants to include information about the care
received by children with a long-term condition but it would not be ethical to approach the children directly but it might be
acceptable to instead ask parents questions about their child s care. If these plans are acceptable to your supervisor, you may
not need to apply for ethical approval from the Ethics Committee].

3.1. If your ethics relates to Subject Matter, outline your action plan to work around any sensitive issues.

3.2. If your ethics relates to Research Procedures, outline your action plan to deal with possible ethical issues in your research
procedures.
3.3. If your ethics relates to Participants, outline how you will protect vulnerable persons or those that do not have English

as their first language.

SECTION 4: ABOUT YOUR PARTICIPANTS

4.1. Outline your participant profile and why you have chosen them for this study /Do not provide names
except where it is deemed impossible to conceal identity].

The Research Onion framework, developed by Saunders, is used as a guideline for this study to design

a sound and coherent research methodology. In the outermost layer of the study, the research

philosophy taken is that of an interpretivist, since this will provide an understanding of healthcare

professionals' lived experience and perceptions about the use of smart inhalers in asthma care.

Capturing multiple realities influenced by social, institutional, or cultural variables is what makes

interpretivism suitable.

The theory developed follows an inductive approach, whereby themes and insights are derived from
the data collected as opposed to testing pre-existing theories. This is in sync with the exploratory
nature of this study, which intends to find out context-specific challenges in India (Saunders et al.,
2019). As for the research strategy, the study utilizes a qualitative approach and data collection
technique, through which semi structured interview was employed as the main technique to gather
data. By doing this the researcher is given the ability to be flexible during the span of the interviews
and remain consistent across the interviews. Saunders mentions that such a strategy is excellent to
use for research with the requirement of deep contextual understanding. The use of a mono-method
of qualitative design with a cross-sectional time horizon is used, where data will be collected within

a fixed time frame. Next, 10 to 15 Healthcare professionals (pulmonologists, General physicians,
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Hospital administrators, etc) with experience in digital health and asthma management will be

purposively sampled.

With informed consent, there will be virtual interviews with a recording. Thematic analysis will be
used to analyse data, under Braun and Clarke’s six-phase process. The appendix contains the provided
interview questions. Ethical clearance will be sought, and data will be anonymised and stored reliably

following institutional and GDPR guidelines.

4.2 How do you plan to gain access to/contact/approach your participant(s)?

For recruitment of participants for this study, the purposive sampling method will be used to recruit
healthcare professionals in India who have direct experience in asthma management or have been
exposed to digital health tools. Therefore, smart inhaler implementers in clinical practice are selected
whose professional roles allow them to provide informed perspectives on the implementation of smart

inhalers in clinical practice.

Participants will be made accessible through a combination of professional networks, LinkedIn
outreach, and institutional referrals. At first, the researcher will search for potential participants from
healthcare forums, academic contacts, and online health communities. Personal invitations will be sent
via professional networking platforms (e.g., LinkedIn) and email, inviting participants to 'join in with
research’, to outline the purpose of the research, outline participant expectations and ethical procedures,

including anonymity and confidentiality.

SECTION S: INFORMATION, CONSENT, AND

CONFIDENTIALITY

5.1 Participant Information Letter (PIL) for participants

[You must submit an information letter for participants with this application, as part of your appendices document. For online
surveys, it is sufficient to include a paragraph summarising and explaining the purpose of the research at the beginning of
the survey. In all other research e.g. interviews, phonecalls, a PIL should be provided to each participant before they are
asked for their consent to take part. A template PIL is available in Moodle].

Please confirm below that your information letter covers:
Description of the research topic and method Yes
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Details of what participation will involve Yes

Rights to anonymity Yes
Confidentiality Yes
Rights to withdraw from the research Yes
The contact details of the researcher and supervisor (if necessary) Yes

5.2 Informed Consent Form (ICF) for participants

[Informed consent is required for most research. For online surveys, it is sufficient to get the participant to tick two boxes at
the beginning of the survey — one to state they understand the research and one to give consent. In all other research e.g.
interviews, phonecalls, a signed consent form is required. If the data is gathered online e.g. zoom, a signed consent form can
be scanned and sent to the researcher. A template ICF is available in Moodle. The signed ICFs, along with the surveys, audio
files or interview notes etc. must be stored in the primary data folder on moodle and can be accessed by Innopharma staff for
the purposes of verifying the authenticity of the research carried out and the data collected)].

Please indicate below if your research requires a signed consent form by selecting the relevant option only:

Yes: my research requires signed consent and I have attached an ICF in the appendices of my application.

SECTION 6: STORAGE OF DATA

[Please ensure that you are abiding by GDPR and the national Data protection laws https://www.hrb.ie/funding/gdpr-
guidancefor-researchers/gdpr-and-health-research/).

The student is responsible for storage of data and this will be handed over to the college in an electronic format as part of
the thesis submission i.e. primary data and completed ICFs where applicable will be added to the primary data folder on
moodle. The rationale is to keep data as long as it is still useful and there is an intention to use it further for research so if
this is not the case then this can be stipulated here and a shorter retention period given.]

6.1. How will you store the research data and for how long? How will you manage data protection

issues?

Data Storage Methods

* Audio Recordings: Interviews will be recorded using a digital device (smartphone). Once
transferred to a personal computer, the recordings will be deleted from the phone.

« Electronic Data: All research-related files, including interview transcripts, audio files, and
analysis documents, will be stored on password-protected devices (PC) and encrypted cloud

storage.
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Data Retention Duration

»  The data will be retained for 1.5 to 2 years after the completion of the research, in accordance
with academic regulations.
«  After this period, all data will be securely deleted to ensure privacy and compliance with

ethical standards.

Data Protection Measures

* Restricted Access: Only the researcher and supervisors will have access to the data,
maintaining strict confidentiality.

+ GDPR and Ethical Compliance: Data protection measures will align with GDPR
regulations and institutional ethical guidelines.

* Anonymization: Any identifiable personal information will be removed or anonymized to
protect participant identities.

« Secure Disposal: Upon the expiration of the retention period, all files will be permanently
deleted from both the PC and cloud storage.

This approach ensures that all collected qualitative data is managed responsibly, protecting participant

privacy while complying with data protection laws and academic research standards.

SECTION 7: NON-DISCLOSURE AGREEMENT & STUDENT

CONSENT

7.1 Non-Disclosure Agreement (NDA)
Will the final dissertation contain any information pertaining to any source what would warrant the use of a Non-Disclosure

Agreement (NDA) e.g. industry-based research?

7.2 Student consent
If a Non-Disclosure Agreement (NDA) is not required, does the Student consent to allow their completed dissertation to be

held/published by Innopharma/Griffith College?
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SECTION 8: RECORDING AND RETENTION OF

DISSERTATION VIVA

8.1 Viva Recording
The Dissertation viva will be recorded. This recording may be used to facilitate assessment by Innopharma staff, a third reader

if necessary and/or if requested by the external examiner for the Programme. The recording will be held in line with current

GDPR guidelines and will not be made publicly available.

SECTION 9: DOCUMENT CHECKLIST

NOTE: Applicants must attach the following documents in electronic format to the appendix.

Which documents are added to the appendix? Please tick N/A if not applicable:

9.1 Participant Information Letter (PIL) for participant Yes
9.2 Informed Consent Form (ICF) for participant Yes
9.3 Questions/survey for interviewees/focus groups etc (can be in draft form) Yes
9.4 Any other documents e.g. Non-Disclosure Agreement N/A

I confirm that this application is complete and all required documents are included in the appendix.

For Student:

STUDENT SIGNATURE: e

DATE: 08/05/2025
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APPENDIX B: PARTICIPANT INFORMATION LEAFLET (PIL)

Evaluating the implementation of smart inhalers with digital monitoring

devices for Asthma management in India

Participant Information Letter

I would like to invite you to take part in a research study. Before you decide you need to understand
why the research is being done and what it would involve for you. Please take the time to read the
following information carefully. Ask questions if anything you read is not clear or if you would

like more information. Take time to decide whether or not to take part.

WHO I AM AND WHAT THIS STUDY IS ABOUT

My name is Anjitha Benny. I am pursuing my MSc in medical device technology and business at
Griffith College Dublin, Ireland. I am conducting this study as part of my research project during my
final postgraduate term. I am undertaking this study to evaluate the implementation of smart inhalers
with digital monitoring devices for Asthma management in India. Research on smart inhalers for
asthma management has focused on developed countries, leaving a research gap in knowledge about
how smart inhalers and digital monitoring systems operate in India. There is not much about how

feasible they are, how to put them into practice, or what benefits people think they have.

WHAT WOULD TAKING PART INVOLVE?
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The study will be carried out as an interview conducted through the Zoom or Microsoft Teams
platform. If you agree to take part in the interview, the time will be according to your availability.
During the interview, questions will be asked regarding Evaluating the implementation of smart
inhalers with digital monitoring devices for Asthma management in India. It will take circa 30
minutes to complete. The interview will be recorded for further analysis. The recordings will be

highly confidential and only accessible to the authorised person.

WHY HAVE YOU BEEN INVITED TO TAKE PART?

I have requested you to take part in this study because you are working in the field related to
medical devices and technology. You have good knowledge and are well informed about the impact
of evaluating the implementation of smart inhalers with digital monitoring devices for Asthma

management in India.

DO YOU HAVE TO TAKE PART?

Your participation in this study is completely voluntary and you have the right to refuse to
participate and refuse to answer any question. You can withdraw at any time without any
consequence whatsoever. If you need to withdraw from the study at any stage, please contact the

researcher phone number.

WHAT ARE THE POSSIBLE RISKS AND BENEFITS OF TAKING PART?

There will be no significant risks of harm, risks to confidentiality or psychological risk. The benefit

will be that you will contribute to research on this important topic.
WILL TAKING PART BE CONFIDENTIAL?

The confidentiality and anonymity of all participants and any individuals mentioned will be
upheld. The name and whereabouts of participants will not be disclosed. The data can only be
accessed by the researcher. During the research, non-anonymized information, such as consent

forms and audio recordings, will be collected and retained.

HOW WILL THE INFORMATION YOU PROVIDE BE STORED AND PROTECTED?

Signed consent forms and original audio recordings or transcripts of them will be retained in
Griffith College Dublin, Ireland, until after my degree has been conferred. A transcript of

interviews in which all identifying information has been removed will be retained for a further two
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years after this. Under the freedom of information legislation, you are entitled to access the

information you have provided at any time.

WHAT WILL HAPPEN TO THE RESULTS OF THE STUDY?

Signed consent forms and original audio recordings or transcripts of them will be retained in
Griffith college Dublin, Ireland, until after my degree has been conferred. A transcript of interviews
in which all identifying information has been removed will be retained for a further two years after
this. Under freedom of information legalisation, you are entitled to access the information you

have provided at any time.

WHO SHOULD YOU CONTACT FOR FURTHER INFORMATION?

Researcher details: Anjitha Benny

MSc Medical Device Technology and Business

Griffith College, Dublin, Ireland

Contact number: +353 894319944

Contact mail: anjithabenny1999@gmail.com

[THANK YOU]
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APPENDIX C: INFORMED CONSENT FORM (ICF)

Consent to take part in research

CONSENT FORM

Evaluating the implementation of smart inhalers with digital

monitoring devices for Asthma management in India

The researcher retains one copy signed by both themselves and the participant. The participant should

also receive a copy of consent form as a record of what they have signed up to.

I [insert participant name] voluntarily agree to participate in this research study

I understand that even if I agree to participate now, I can withdraw at any time or refuse to
answer any question without any consequences of any kind

I understand that I can withdraw permission to use data from my interview within two weeks
after the interview, in which case the material will be deleted.

I have had the purpose and nature of the study explained to me in writing and I have had the
opportunity to ask questions about the study

I understand that participation involves conducting interviews on the Zoom platform or
Microsoft teams

I understand that I will not benefit directly from participating in this research

I understand that all information I provide for this study will be treated confidentially

I understand that in any report on the results of this research my identity will remain
anonymous. This will be done by changing my name and disguising any details of my
interview which may reveal my identity or the identity of people I speak about.

I agree to my interview being audio-recorded.

I understand that disguised extracts from my interview may be quoted in in the dissertation,
viva, and in future conference presentations, published papers, ejournals, library.

If data is coming from within one company or specifically pertaining to the one company the
researcher will adhere to all of the codes of conduct and employee confidentiality
requirements of the company and there is no expectation to breach these in this research. A
signed confidentiality statement between researcher and company can be agreed and signed
if deemed necessary.

I understand that if I inform the researcher that myself or someone else is at risk of harm,
they may have to report this to the relevant authorities - they will discuss this with me first
but may be required to report with or without my permission
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- I understand that signed consent forms and original audio recordings will be retained in
Griffith one drive and password protected PC until the exam board confirms the results of
the dissertation i.e. September or October, 2024

- I understand that a transcript of my interview in which all identifying information has been
removed will be retained for two years from the date of the exam board.

- I understand that under freedom of information legalisation I am entitled to access the
information I have provided at any time while it is in storage as specified above.

- Tunderstand that I am free to contact any of the people involved in the research to seek further
clarification and information.

Researcher Details

Name Anjitha Benny

Degree Programme MSc in Medical Device Technology and Business
College Details Griffith College, Dublin, Ireland

Contact number +353 894319944

Contact mail : anjithabenny1999@gmail.com

Signature of participant

[Full Name — Printed]

Signature of research participant

Signature of researcher
I believe the participant is giving informed consent to participate in this study

4 '\_ iz:,‘.“?{
A

08/05/2025

Date

Signature of researcher
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APPENDIX D: QUESTIONNAIRE

Semi-Structured Interview Questions (Qualitative Data)

General questions:

A.

B.

C.

Have you had the opportunity to read the Participant Information Letter/Email I sent to you
last week?

Do you understand your rights to participate in this research, as agreed in the Informed
Consent Form?
Are you happy to sign the consent form? interview?

Current Asthma Management and Challenges

What are the biggest challenges in delivering effective asthma care in your healthcare setting?

How is asthma currently managed in your facility? Are there any standard protocols

followed?

What role do patient adherence and self-management play in asthma control?

Diagnostic Tools and Availability

What diagnostic tools do you use for asthma diagnosis and management?
How accessible and reliable are these tools in your facility?

Are there any limitations in the availability of advanced diagnostic technologies for asthma?

What are they?

Awareness and Perception of Smart Inhalers

7.

8.
9.

Have you heard of smart inhalers? If so, what is your understanding of their function and

benefits?
How relevant do you think smart inhalers are in the Indian healthcare context?

What are the potential advantages or disadvantages of using smart inhalers in India?

Smart Inhalers and Patient Adherence

10. How could smart inhalers help improve patient adherence to asthma medication?

11. In what ways could they enhance disease control and patient outcomes?
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12. Do you foresee any barriers to their acceptance among patients?

Challenges in Implementing Smart Inhalers

13. What technological challenges might arise in rolling out smart inhalers in Indian hospitals?

14. What behavioral and ethical challenges do you foresee in the widespread use of smart

inhalers?

Digital Infrastructure and Feasibility

15. What is your hospital’s current digital infrastructure, and how does it impact the feasibility

of using smart inhalers?

16. Does your hospital or healthcare facility have the necessary technology to support digital
asthma tools?

17. What improvements in infrastructure would be needed for successful implementation?

Patient Receptiveness to Digital Health Tools

18. How do patients in your practice generally respond to digital health tools?

19. What factors influence their willingness to use digital health technologies?

Training and Support for Healthcare Professionals
20. What training or support do healthcare professionals need to feel confident using and

recommending smart inhalers?

21. What type of guidance or resources would be most helpful for implementation?

Data Security, Privacy, and Ethical Considerations

22. What concerns, if any, do you have about using smart inhalers for predicting clinical events?

23. How important are data security and patient privacy when implementing digital asthma tools?

Policies and Regulations Governing Smart Inhalers

24. How do these regulations affect the adoption and implementation of digital asthma tools?
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Future Outlook and Recommendations

25. What policy or structural changes would make smart inhalers more accessible and

commonplace?

26. How do you see smart inhalers evolving within the Indian healthcare system in the next five

to ten years?

27. What recommendations would you give to stakeholders to improve the integration of smart

inhalers into asthma care?

APPENDIX E: EXEMPLAR TRANSCRIPT

TRANSCRIPT PARTICIPANT 1

[Anjitha Benny] 13:52:54

Hi, good evening. Thank you so much for taking the time to speak with me today.

[Participant 1] 13:52:55

Good evening.

[Anjitha Benny] 13:53:01

And I am currently conducting a study on evaluating the implementation of smart inhalers with a digital

monitoring device For asthma management in India.
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[Anjitha Benny] 13:53:10

I would like to ask you some questions about your experience managing asthma in your practice as

well as you View-owned technology used in this area.

[Anjitha Benny] 13:53:19

This interview should take about 15 minutes, and your responses will remain confidential and only be

useful for research purpose.

[Anjitha Benny] 13:53:27

Before we begin, is it okay if I record this conversation?

[Participant 1] 13:53:32

Yes, of course, there's no problem with it.

[Anjitha Benny] 13:53:35

So do you... Mind briefly yourself, introduce yourself, please.

[Participant 1] 13:53:41

Sure, why not? My name is Participant 1. I'm a senior pulmonologist.

[Participant 1] 13:53:45

At Urban Private Hospital.
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[Anjitha Benny] 13:53:49

Wait, let's get started. The first one is, could you tell me about the main challenges do you have in

delivering adequate care and how is asthma currently managed in your healthcare settings?

[Participant 1] 13:54:02

Well, we follow a stepwise approach with inhaled corticosteroids and long-acting beta agonist and we
provide patient education during visits but one of the biggest issues is that patients don't stick to their

treatment plans.

[Participant 1] 13:54:17

They stop using inhalers as soon as they feel better and only return when things get worse.

[Participant 1] 13:54:24

Follow-up is poor, and we lose track of the progress unless they come in again.

[Anjitha Benny] 13:54:30

Okay, so what sort of diagnostic tools do you use in managing asthma?

[Participant 1] 13:54:36

Well, we have spirometry and use it regularly, it gives us accurate results when used properly.

[Anjitha Benny] 13:54:40

Okay. So how easily available and reliable are they in your facility?
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[Participant 1] 13:54:48

Efia not testing is available but expensive and not used often unless absolutely necessary.

[Anjitha Benny] 13:54:52

Okay.

[Participant 1] 13:54:56

Diagnostic facilities are generally good in a hospital but that's not the case in many nearby clinics.

[Anjitha Benny] 13:55:04

Oh, so do you know anything about the smart inhalers?

[Participant 1] 13:55:07

Oh yes, I've heard about these smart inhalers. I... And I know that they come sensors and Bluetooth,

and they can track how often a patient uses a medication

[Anjitha Benny] 13:55:19

Okay, so what do you think about their usefulness in the Indian contest, if so?

[Participant 1] 13:55:25

I think it's a great idea in theory. It can help monitor adherence and even help with early intervention,

but in India, i worry that affordability and awareness could be a big issue.
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[Anjitha Benny] 13:55:38

So, how could smart inhalers help to improve patient adherence and control of asthma?

[Participant 1] 13:55:44

Well, they can send alerts and reminders to patients which would help them to take the medications on

time.

[Participant 1] 13:55:50

Doctors can see usage patterns and identify if a patient is not adhering.

[Participant 1] 13:55:56

This kind of feedback loop could reduce flare-ups and even hospital admissions over time.

[Participant 1] 13:56:02

If used properly.

[Anjitha Benny] 13:56:04

Okay, so what technological, financial uh or behavioral and ethical challenges using rolling our smart

inhalers in Indian hospital?

[Participant 1] 13:56:16
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First of all, the cost of the me to a cost would be a very major challenge Many patients already struggle
with the price of regular Inhalo secondly not everyone is comfortable using tech especially older and
rural patients And ethically, we need to consider who owns the data and whether it's being used safely

and with consent.

[Anjitha Benny] 13:56:34

Okay.

[Anjitha Benny] 13:56:42

Okay, so what is your hospital infrastructure or access to digital technology and how does that affect

your hospital feasibility?

[Anjitha Benny] 13:56:51

Of using smart inhalers.

[Participant 1] 13:56:54

Well, we do have a good IT setup, electronic health records, and stable internet. But even with that,
integrating data from smart inhalers into a system would need planning and staff training. Not every

hospital in India is this digitally ready, especially the government ones.

[Anjitha Benny] 13:57:14

Okay, so what does it generally look like in your practice as far as how patients respond to digital

health tools or technologies?

[Participant 1] 13:57:24
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Younger patients and those with smartphones are usually very open to health apps or getting reminders.

[Participant 1] 13:57:32

But older patients and those from less educated backgrounds often hesitate.

[Anjitha Benny] 13:57:33

Okay.

[Participant 1] 13:57:38

They either forget to use the apps or are unsure on how to operate them.

[Participant 1] 13:57:42

Digital tools work well only for some groups.

[Anjitha Benny] 13:57:47

Okay, so what support or training do healthcare professionals need in order to be confident in using

and recommending smart inhalers?

[Participant 1] 13:57:57

We would need basic training on how the device works. And how to interpret the data and how to act

on it.

[Participant 1] 13:58:06
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Also, if we're expected to suggest smart inhalers, we need studies and data from Indian patients to feel

confident that they actually work here and not just abroad.

[Anjitha Benny] 13:58:19

Okay, so what would keep you... from using a smart ECLS from the prediction of clinical events and

the security or privacy of patient data ethical.

[Participant 1] 13:58:32

Yes, definitely. Privacy is a real concern. Patients will ask us who has access to their usage data and

what happens if it gets leaked.

[Anjitha Benny] 13:58:36

Okay.

[Participant 1] 13:58:42

Without a clear policy or legal guideline on data protection, I'd hesitate to rely on this advisors too

much.

[Anjitha Benny] 13:58:50

So are there any government policies or hospital level regulations that go on the use of digital asthma

tools like smart inhalers.

[Participant 1] 13:58:59
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At the moment, [ haven't come across any specific policies on these The government does talk about

digital health, but I don't think there's anything focused on smart inhalers.

[Participant 1] 13:59:10

That leaves a gap that needs to be addressed before hospitals can start using them widely.

[Anjitha Benny] 13:59:17

So what changes, if any, in policies or structure Would you recommend it for making smart inhalers as

usable and more commonplace?

[Participant 1] 13:59:28

Where subsidies could help a lot if the government or insurance schemes cover the part of the cost,
more patients could use them Naturally, more hospitals need training modules and guidelines on how

to use them.

[Participant 1] 13:59:46

As in include them in treatment protocols.

[Anjitha Benny] 13:59:52

Okay. And last and final question. That is, what is your vision for the role of smart inhalers in the

Indian healthcare system?

[Anjitha Benny] 14:00:01

In the next 5 to 10 years.
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[Participant 1] 14:00:04

I think they could become common in urban private hospitals first.

[Participant 1] 14:00:08

Over time, if costs come down and awareness increases, they might spread to criminal hospitals as

well.

[Anjitha Benny] 14:00:09

Okay.

[Participant 1] 14:00:15

But for that to happen, we need investment training and public health cabins that explain their benefits.

[Anjitha Benny] 14:00:23

Okay, thank you. That was an incredibly helpful before we wrap up.

[Anjitha Benny] 14:00:28

Is there anything else you would like to add about asthma care or the use of medical tools like smart

inhalers?

[Anjitha Benny] 14:00:35

That we haven't covered.
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[Participant 1] 14:00:38

Well, in this particular topic, I think covered all the predominant factors as well. So nothing.

[Anjitha Benny] 14:00:45

Okay, thank you. I really appreciate your insights and the time you have taken to speak with me today.

[Anjitha Benny] 14:00:51

Your input is valuable and will greatly contribute to my understanding.

[Anjitha Benny] 14:00:56

Of how asthma care can be improved So thank you so much.

[Participant 1] 14:01:01

You're welcome. Bye-bye.

[Anjitha Benny] 14:01:03

Bye.
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