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Abstract

Background: Asthma affects approximately 262 million individuals globally, leading to significant
morbidity and mortality. Effective management relies on improved patient monitoring and adherence to
treatment regimens. This study explores the role of mobile applications and telemedicine in enhancing
asthma management through better self-monitoring and communication between healthcare providers
and patients.

Methods: A systematic literature review was conducted using databases including PubMed, Web of Science,
Scopus, and Cochrane Library, focusing on studies published between 2014 and 2023. The review assessed
the effectiveness of home monitoring devices, mobile spirometry, and telemedicine interventions in
improving asthma control and patient engagement.

Results: The findings indicate that mobile applications and telemedicine significantly enhance self-
monitoring capabilities, leading to improved asthma management outcomes. Studies revealed high patient
satisfaction with mobile spirometry and telehealth interventions, with many participants reporting
increased adherence to treatment plans. Notably, home spirometry demonstrated comparable results to
traditional clinic-based assessments, reinforcing its viability as a monitoring tool.

Conclusion: The integration of mobile health technologies and telemedicine into asthma management
presents a promising strategy for enhancing patient outcomes. These tools facilitate better self-regulation,
improve adherence to treatment, and reduce the need for in-person consultations. Future research should
focus on optimizing these technologies and addressing the barriers to their widespread adoption to
maximize their potential benefits.
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1. Introduction

The 2019 assessment from the Global Burden of condition collaboration indicates that asthma affects
around 262 million persons globally, highlighting its status as a widespread chronic condition. It
substantially exacerbates the illness load, resulting in early death and a worse quality of life across diverse
age demographics and geographical areas worldwide. Globally, asthma is the 24th leading cause of years
lived with disability and the 34th major contributor to disease burden, measured by disability-adjusted life
years [1-3].

The economic ramifications of asthma constitute a considerable worldwide issue, as shown by both direct
and indirect expenditures. Strategies designed to improve access to and adherence to evidence-based
therapies have effectively reduced the economic burden of asthma in both developed and developing
countries. Although age-specific asthma mortality rates have decreased in several nations over the last
decade, around 1000 persons die from asthma each day, highlighting a serious concern due to the avoidable
nature of many of these fatalities. Despite a reduction in mortality rates, the total number of asthma-related
deaths has remained relatively stable owing to the aging population. Preventable fatalities from asthma
continue owing to insufficient illness treatment, often ascribed to an overdependence on reliever drugs
instead of preventative strategies. It is essential to address this problem to decrease preventable asthma-
related fatalities [1,2,4].

Asthma is a complex and diverse condition, often characterized by persistent airway inflammation induced
by several stimuli. It is clinically diagnosed with a thorough evaluation of respiratory symptoms, including
wheezing, dyspnea, chest tightness, and cough, which exhibit variability in both duration and severity,
accompanied by intermittent expiratory airflow restriction. Asthma is often associated with airway
hyperresponsiveness and inflammation; however, these elements are not essential nor enough for
diagnosis. Commonly referred to as asthma phenotypes, discernible clusters of demographics, clinical,
and/or pathophysiological traits do not demonstrate a robust association with particular pathogenic
mechanisms or therapeutic responses. Spirometry is an effective diagnostic method for monitoring persons
with identified respiratory conditions and for ascertaining the cause of unexplained respiratory symptoms.
The gold standard test for diagnosing obstructive airway diseases, including asthma and chronic
obstructive pulmonary disease (COPD), remains unchanged [1,5,6].

2. Telemedicine

Telemedicine enhances healthcare accessibility and is characterized by the use of information and
communication technologies. It may improve healthcare accessibility in urban and rural regions, facilitating
remote monitoring and medical education possibilities [7-9]. Global focus is directed towards the potential
of telehealth to improve the accessibility, quality, safety, and cost-effectiveness of healthcare services. In
respiratory disorders, telemedicine equipment for home monitoring enables doctors to assess the real-time
progression of the condition, evaluate treatment compliance, verify inhalation procedures, and give
consultations as necessary [10,11].

Prior to the emergence of the COVID-19 epidemic, clinicians used a hybrid paradigm that integrated
telemedicine with in-person consultations. During the pandemic, telemedicine emerged as the favored
method of treatment delivery when the physical presence of a medical expert was not essential. This
strategy reduced interaction with healthcare institutions, emphasizing the safeguarding of both medical
personnel and patients. Following the pandemic, several healthcare systems, in partnership with
commercial organizations, are contemplating the use of telemedicine as a standard of treatment [12,13].

Health mobile apps are usually intended to track behaviors related to certain diseases, offering users
pertinent information about their overall health and well-being or facilitating the independent
management of particular medication regimens. These programs are designed to record and assess
pertinent medical indicators, including condition-specific symptoms, metabolic levels, blood pressure, and
heart activity. They enable the observation of the user's clinical advancement, supplying valuable
information for personalized health management. Besides medical monitoring, these apps seek to educate

5855
https://reviewofconphil.co



users on many health-related topics. They may provide pertinent advice on dietary plans, suggested
physical activities, or stress management techniques, so aiding in the promotion of a healthy lifestyle.
Furthermore, mobile health apps are intended to enhance the management of self-administered
pharmaceutical therapies. They provide features such regular alerts for drug intake, accurate monitoring of
dose schedules, and reminders for prescription renewal, thereby assuring patient adherence to the
prescribed treatment regimen. The utilization of these applications must occur under the oversight and
direction of a medical professional to guarantee accurate data interpretation and to ensure that therapeutic
interventions are suitable and effective for each patient's specific context [14,15].

Telemedicine has developed as an effective option for providing pulmonary rehabilitation programs
remotely, thereby addressing accessibility hurdles for patients unable to attend respiratory rehabilitation
sessions in person owing to other commitments or dwelling in distant locations [16]. Telemonitoring of
bioparameters enhances proactive management, hence lowering hospitalizations and, consequently,
healthcare-related expenses. This innovation in telemedicine offers a practical and effective alternative for
managing patients with respiratory diseases, while concurrently tackling issues of geographic distance and
access to pulmonary rehabilitation programs [17,18].

This is a novel medical approach designed to enhance the quality of treatment and accessibility of medical
services in rural areas. Nonetheless, there exists a paucity of research about the impact of telemedicine on
the relationship dynamics between healthcare organizations and local populations. Recent studies have
shown a deficiency of data about the precise influence of telemedicine on the hospital-community
relationship, highlighting the need for more study in this domain. Assessing this dynamic may provide
critical insights for enhancing the deployment of telemedicine to assist rural people in obtaining and
benefitting from excellent medical care [19-21].

The implementation of telemedicine may face several challenges and hazards. Legal obstacles in
telemedicine include the risk that teleconsultations may not meet the requisite standard of care. There
exists the possibility for equipment or systems to encounter failures. Electronic data are prone to
manipulation, and electronic records are subject to exploitation. Furthermore, telemedicine networks may
lack sufficient data protection, hence jeopardizing confidentiality, authenticity, data reporting, process
certification, and overall security and privacy. A further problem is ascertaining the roles and possible
obligations of healthcare providers inside the network [22].

Besides these legal barriers, further challenges to telemedicine exist. A significant problem is the
inadequate familiarity with eHealth among patients, citizens, and healthcare practitioners. There is
insufficient compatibility across various telemedicine solutions. The justification for the cost-effectiveness
of telemedicine is limited, and legal challenges and concerns continue to exist. There is a lack of openness
over data use, insufficient reimbursement structures, and significant initial installation costs [22].

Healthcare practitioners must evaluate 10 factors to guide the deployment of telemedicine for asthma
patients. Initially, they must comprehend the many forms of telemedicine and use the suitable ones for
managing asthma patients [23-26]. Staying educated on the most recent telemedicine rules at both local
and federal levels is crucial. Choosing an appropriate platform and developing the requisite infrastructure
are essential tasks. Healthcare practitioners must conduct telemedicine consultations, get informed
permission, and undertake requisite preparations prior to each appointment. During the consultation, they
must engage with the patient and provide a physical examination if necessary. Ultimately, they ought to
provide an invoice for the telemedicine consultation [27].

This study aimed to evaluate the effects of home monitoring devices on asthma treatment results and their
long-term viability. This paper seeks to examine the effectiveness and acceptability of home spirometry and
telemedicine in enhancing self-monitoring and patient participation in asthma treatment.

3. Methods

The publications chosen for this literature review conformed to the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) standards. The literature search was conducted in 2023 using the
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PubMed database, Web of Science, Scopus, and Cochrane Library, concentrating on papers published
between 2014 and 2023.

4. The use of mobile spirometers in adult patients

Asthmatic patients often postpone seeing a physician until they need medicine, since they perceive an
improvement in their condition. An analysis of much research on the use of mobile spirometers in adult
patients was undertaken. While the majority of study has been on children, there are pertinent studies
concerning the adult population as well. As per the single-arm, open-cohort, multicenter study [28-30]. In
the study by Kupczyk et al. [31], which assessed the feasibility and safety of a portable respirometry device,
it was determined that 67 persons (86%) out of 78 with complete data achieved the primary target. In the
three-week follow-up, 75 participants (96%) used the device properly at least once, while 10 patients
(13%) attained success daily. Data for three patients were absent due to Wi-Fi connectivity problems, while
five patients withdrew their permission. A statistically significant difference in the good respirometry
examination rate (p = 0.013) was observed between the locations. Out of 62 eligible patients, 20 (32%)
needed retraining, and 8 (40%) achieved success. Ninety percent of responders rated the AioCareVR system
as practical and user-friendly, indicating a high level of contentment [32-35].

In the research undertaken by Potonos [36], adults with challenging or severe asthma were progressively
educated on the use of the AirNext spirometer (NuvoAir US Inc., Boston, USA) and were required to do daily
spirometry at home for the first month, then transitioning to weekly sessions or when symptoms
exacerbated. Geolocation data were used to differentiate between patients' first spirometry sessions
performed in the hospital (designated as 'supervised') and those completed at home (designated as
'unsupervised'). All patients provided informed consent. A total of 10 asthma patients were enrolled,
including four persons with uncontrolled asthma and six with moderately managed asthma, according to
the GINA 2018 standards. Of these patients, 90% were female, with a mean age of 42.0 + 10.7 years, and a
FEV1 of 69.6 + 26.2% (range from 27.3 to 101.0) anticipated during the supervised session. During the
research period, these patients jointly engaged in 1235 unsupervised sessions, averaging a length of 181.5
+ 153.9 days, with a high of 382 days. Out of these sessions, 877 (71.0%) satisfied the acceptable quality
requirements (rated A-C, comprising a minimum of two maneuvers with <200 mL fluctuation in FEV1 and
FVC), with the majority (556 sessions) rated as A. Conversely, just 50.0% of the 10 monitored sessions were
deemed satisfactory. The evaluation of spirometry session quality was conducted in accordance with the
parameters specified in the American Thoracic Society Technical Statement. Analysis of the spirometry
findings revealed that the supervised tests done in the hospital had outcomes comparable to those of the
original unsupervised testing carried out at home. The FEV1 and FVC readings were 2.1 # 0.3 L and 2.9 +
0.3 L, respectively, during supervised assessments, in contrast to 2.2 + 0.2 L and 2.9 + 0.2 L, respectively,
during the first unsupervised home evaluations. The average expected FEV1 values were 69.6 + 26.2% and
72.0 £ 24.0%, respectively [36].

Bindler et al. [35] undertook research to determine if frequent monitoring of young persons with asthma
improved airway function, as evaluated by FEV1, and to investigate the practicality of self-administered
spirometry. A total of 67 individuals (ages 18-26) used a portable spirometer linked to a smartphone
application, with data gathered at baseline, week 4, and week 8. Compliance was high, with 100%
completing spirometry at baseline, declining to 94% at week 4 and 86.6% at week 8. FEV1 values were
consistent throughout the research, and more than two-thirds of individuals used the app to record their
symptoms and triggers. The research indicated that self-administered spirometry is a viable and acceptable
approach for young individuals [35].

5. Clinic versus Home Spirometry

In this research, Huang et al. [32] aimed to determine if mobile spirometry may provide more statistical
power than its clinical counterparts. The average subject compliance for mSpirometry was 70% for twice-
daily usage and 85% for at least once-daily use. The FEV1 measurements from mSpirometry exhibited a
robust correlation and concordance with those obtained from the clinic on the same morning (r = 0.993)
and afternoon (r = 0.988). The interclass correlation coefficient (ICC) was used to assess the test-retest
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reliability of mSpirometry and clinic spirometry. The average difference between the afternoon (0.0019 L)
and morning (0.0126 L) measurements was smaller. Both mobile (ICC = 0.932) and clinic (ICC = 0.942)
spirometry exhibited comparable test-retest reliability. This simulation analysis demonstrated that dense
mSpirometry exhibited more power than sparse clinic measurements. They provide enhanced statistical
power, robust agreement, and similar test-retest reliability with clinical counterparts for repeated at-home
mSpirometry, potentially benefiting asthma clinical research [37].

Oppenheimer et al. [38] executed the most extensive asthma investigation to date by comparing spirometry
completed at home with that performed in a clinic in this post hoc analysis. The randomized double-
anonymized parallel-group phase 3A CAPTAIN and phase 2B 205832 investigations, including patients with
uncontrolled asthma, supplied the trough FEV1 data used in this retrospective analysis. The 205832
research examined the effects of incorporating umeclidinium with fluticasone furoate vs a placebo, whilst
the CAPTAIN trial investigated the effects of adding umeclidinium to fluticasone furoate/vilanterol via a
single inhaler. Both home-based and supervised in-person spirometry were used to ascertain trough FEV1.
The measurements were conducted at the research clinic. The authors generated post hoc Bland-Altman
plots to test the concordance between the two methodologies and the temporal evaluations of FEV1
conducted at home and in the clinic. An analysis was performed on data from 421 participants and 2436
patients. Both trials observed treatment-related improvements in FEV1 by clinic and home spirometry. In
comparison to clinical assessments, the increases identified using home spirometry were, however, less
substantial and less dependable. Poor concordance was shown by Bland-Altman plots between FEV1 at
baseline and week 24 in both home and clinic settings. The results indicate that unsupervised home
spirometry readings cannot serve as a direct substitute for clinic measurements due to their lower
reliability and diminished concordance with clinic spirometry outcomes. These findings, however, may be
limited to home spirometry using the particular apparatus and coaching methodologies used in these
studies. Further research is essential to optimize the use of home spirometry post-pandemic [38].

6. Self-Regulation

It is essential for the patient to be aware of their condition, comprehend it, and treat it autonomously.
Guarnieri et al. developed a bespoke questionnaire that was sent via email to 180 individuals suffering from
severe asthma. Most of these patients, 82%, felt at ease with the idea of self-monitoring and treating their
illness. Furthermore, 77% of the participants supported the implementation of virtual consultations and
the use of telemedicine. Ninety-three percent regarded self-injection therapy to be uncomplicated, ninety-
four percent felt safe, and ninety-three percent had no apprehensions regarding self-administration of the
treatment. A mere 22% reported minimal side effects after self-administration. The research indicated
agreement among healthcare professionals and patients on the viability of illness treatment and monitoring
via telehealth, with biologics demonstrating safety and simplicity of self-administration at home [33].

This observational research, orchestrated by Kuipers et al,, included 21 community pharmacies in the
Netherlands. The objective was to assess the precision of electronic inhalation monitoring device (EIMD)
records by juxtaposing them with patient-reported inhalations. A total of 32 patients from 18 pharmacies
participated, validating 932 drug dosages. The research identified a false-positive rate of 3.5% (erroneous
device registrations), a true-positive rate of 85.4% (correct registrations), and a positive predictive value of
96.0%. Although several patients were initially reluctant to use the EIMD, the majority deemed it acceptable
and user-friendly, although expressing a need for further personalization within the application. Enhancing
accuracy and user-specific features was emphasized to improve device use and acceptance [28].

7. Remote Digital Coaching - Follow-Up

In a 12-week remote digital coaching program conducted by Rasulnia et al., 51 persons with uncontrolled
asthma participated. The program included several tools and tactics to promote self-management of the
condition. Of the original participants, 40 successfully finished the trial. Notable enhancements were noted
in mental condition, body mass, and incidence of outpatient exacerbations. The alterations in Asthma
Control Test scores were statistically significant; nevertheless, they did not achieve the minimal clinically
meaningful difference. Nonetheless, the Asthma Symptom Utility Index scores demonstrated both
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statistical significance and clinical relevance. No alterations were seen in pulmonary function and the use
of rescue albuterol [25].

Prabhakaran et al. executed a multicenter randomized controlled study in Singapore, focusing on
emergency department patients diagnosed with asthma from March 2013 to February 2015. Patients were
randomly allocated to the eCARE intervention group (n = 212), which received SMS messages, or to a control
group (n = 212), which received standard care. After five weeks, there was no notable difference in attaining
well-controlled asthma between the groups who started had poorly controlled asthma. Logistic regression
after three months indicated a tendency towards improved asthma control in the usual care group; however,
this finding was not statistically significant. Although eCARE participants exhibited a high satisfaction rate
(95%) with the SMS service, the intervention did not result in improved asthma control relative to normal
treatment [30].

8. Supplementary Telemedicine Instruments

The use of technology by some patients may provide challenges. A smart smartphone with Bluetooth Smart
connection and internet access is required to download the application and consistently transmit
spirometry findings to the expert. The advancements in technology, especially in personal health
monitoring, are really extraordinary. Devices such as smartwatches and other devices are increasingly
outfitted with specialized sensors that can monitor various physiological indicators. This provides
consumers with a comprehensive picture of their health. These gadgets may record heart rate, monitor
sleep quality, and measure physical activity, becoming more sophisticated and beneficial in maintaining and
improving our health. It is essential to be cognizant of data privacy and comprehend the methods of data
storage and use employed by device makers. Numerous lung monitoring devices are available for home use,
intended to assess lung function and monitor elements of respiratory disorders including asthma and
COPD. Below are few examples:

Mobile spirometer: This functions as a diagnostic and monitoring instrument for pulmonary disorders. It
enables the assessment of the patient's lung volumes to evaluate the efficacy of the management of the
ailment [39].

Peak flow meter: This device provides a rapid assessment of the peak expiratory flow rate, facilitating self-
monitoring at home for disease management and evaluating patient response to therapy [39].

Pulse oximeter: This compact instrument affixes to an individual's fingertip to assess oxygen saturation
levels. It is often used to observe persons with respiratory conditions [39].

Portable capnograph: This device quantifies the quantity of carbon dioxide in exhaled air. Monitoring end-
tidal carbon dioxide is essential for assessing patients on mechanical ventilation to ensure adequate
ventilation. While mostly used in hospitals for monitoring respiration during anesthesia or critical care,
portable variants are accessible for domestic usage [40].

Smart inhalers: These electronic monitoring devices interface with a smartphone application to record
medicine consumption, inhalation strategies, and more pertinent data. They assist persons with asthma or
COPD in managing their therapy, monitoring symptoms, and receiving prescription reminders. In today's
technology context, it is feasible to combine patients' inhaler use geographical data with environmental
indicators. This integration enables the detection of areas with increased vulnerability to asthma episodes.
Numerous studies have shown that the use of reminders via electronic inhalers substantially enhances
adherence to prescription regimens, showing a considerable advantage over conventional therapy methods
[41-44].

ADAMM (Automated Device for Asthma Monitoring and Management): This cutting-edge pulmonary
monitoring apparatus employs artificial intelligence (AI) to assist patients with asthma in effectively
managing their symptoms. ADAMM is a wearable apparatus that tracks respiratory patterns, heart rate, and
physical activity. Equipped with sensors that monitor alterations in respiration, like snoring or dyspnea, it
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employs artificial intelligence to evaluate the data and provide tailored feedback and suggestions for
controlling asthma symptoms [39,45,46].

Portable FeNo: This technique is quantitative, noninvasive, direct, and secure for assessing airway
inflammation. It functions as a supplementary resource to other methodologies used for assessing airway
illnesses and is advised for the diagnosis of eosinophilic airway inflammation [47-49].

9. Guaranteeing Privacy and Data Security in Telemedicine

Telemedicine presents significant privacy concerns due to its use of electronic medical records (EMRs) for
documenting follow-up information, diagnosis, prescriptions, and medical histories. The safeguarding of
patient data is inconsistent owing to discrepancies in federal legislation. Patient autonomy, safety, cultural
diversity, and informed consent exemplify ethical challenges. Research highlights the need of informed
consent while noting the discrepancies in its execution. It is recommended that data protection be regulated
by standardized laws, such as the General Data Protection Regulation (GDPR), emphasizing the
safeguarding of children's and families' data. Despite persistent concerns over malpractice, telemedicine is
mostly more beneficial than detrimental. Proposals for uniform law exist because of the dispersion of legal
norms. The advantages of telemedicine, including cost reduction and improved treatment, are well
acknowledged; yet cultural awareness remains crucial. The incorporation of Al is expected to enhance the
scope and efficacy of telemedicine.

Informed consent: Confidentiality is paramount in telemedicine. Providers must get express permission
and provide an explanation for data access and use. Identity verification, perhaps via photographic
identification, should be prioritized in sessions. Alongside guaranteeing safe data transfer and storage,
suppliers must also educate patients on the need of secure networks. These standards also include
emergency care [51].

The General Data Protection Regulation (GDPR), the most stringent privacy and security legislation globally,
was adopted on 25 May 2018. Although designed by the European Union (EU), it is relevant to any
organization worldwide that targets or collects personal data about persons inside the EU. The GDPR's
explicit definition of data points has enhanced the safeguarding of medical information. Experts
recommend the adoption of uniform worldwide norms to provide optimum data security and protection
[52,53].

The need for cohesive regulation is shown by the fragmented approach to telehealth legislation. European
studies focus on the implementation and standardization of directives, while North American studies
emphasize interstate legislation and licensing. Comprehensive and consistent rules are essential for the
effective operation of telehealth [54].

10. Conclusions

Initially used mostly in distant or rural regions, telemedicine has increasingly expanded to address global
health needs. Factors like as ease, efficiency, communication, and privacy are essential for the acceptability
of telemedicine, facilitating interactions between patients and healthcare practitioners. However, there are
persistent difficulties and problems in the implementation of telemedicine that must be addressed,
including technical issues and the assurance of quality and safety in remotely delivered medical services.
Addressing these challenges, telemedicine has the potential to emerge as a considerable asset in healthcare,
providing major benefits to both patients and healthcare practitioners.

Home spirometry and telemedicine are intriguing approaches for enhancing self-monitoring and patient
participation in asthma therapy, thereby decreasing the need for clinic visits. Research demonstrates that
with enough training, home spirometry may provide valid results similar to clinic-based assessments.
Moreover, patients often exhibit a positive attitude towards telemedicine and self-management tools;
nonetheless, enhancements in technology and training are essential to optimize their efficacy and
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dependability. These innovations, together with machine learning and digital health platforms, possess
considerable promise to improve asthma management and patient quality of life.
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