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Abstract

Background: Chronic obstructive pulmonary disease (COPD) is aglobal public health problem, and continuous monitoring is
essential for both its management as well as the management of other chronic diseases. Telemonitoring using mobile health
(mHealth) devices has the potential to promote self-management, improve control, increase quality of life, and prevent hospital
admissions.

Objective: This study aims to demonstrate whether a large-scale study assessing the use of mHealth devices to improve the
treatment, assessment, compliance, and outcomes of chronic diseases, particularly COPD and cardio-metabolic syndrome, is
feasible. Thiswill allow our team to select the appropriate design and characteristics for our large-scale study.

Methods: A total of 3 cohorts, with 9 participants in each, will use mHealth devices for 90 days while undergoing the current
standard of care. Thesegroupsare: 9“non-COPD,” otherwise healthy, smokers; 9 “grey zone” smokers (forced expiratory volume
in 1 second/ forced vital capacity =0.70 after bronchodilator treatment; COPD Assessment Test >10); and 9 smokers diagnosed
with Stage 1-3 COPD. Rates of recruitment, retention, and adherence will be measured. Overall, two mHealth devices will be
utilized in the study: the AnaMed Original Equipment Manufacturer device (measures distance, energy expenditure, heart rate,
and heart rate variability) and the Air Next mobile spirometry device. The mHealth devices will be compared against industry
standards. Additionally, a questionnaire will be administered to assess the participants’ perceptions of the mHealth technol ogies
used.

Results: Theinclusion of participants started in June 2019. Study results will be published in peer-reviewed scientific journals.
Conclusions: This study will demonstrate whether a large-scale study to assess the use of mHealth devices to improve the
treatment, assessment, compliance, and outcomes of chronic diseases, particularly COPD and cardio-metabolic syndrome, is
feasible. It will also allow the research team to select the appropriate design and characteristics for the large-scal e study.

Trial Registration: Clinical Trials.gov NCT04081961; https://clinicaltrials.gov/ct2/show/NCT04081961

International Registered Report Identifier (IRRID): DERR1-10.2196/16461

(IMIR Res Protoc 2020;9(3):€16461) doi: 10.2196/16461
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Introduction

Chronic obstructive pulmonary disease (COPD) accounted for
3.2million deaths globally in 2015 [1] and isthe fourth leading
cause of death both worldwide and in Kazakhstan [2]. COPD
is a heterogeneous condition, with a variety of disease-related
phenotypes [3,4], and its main risk factor is cigarette smoking
[5]. The chronic airflow limitation that characterizes COPD is
caused by obstructive bronchiolitis and parenchymal destruction
(emphysema). Pulmonary emphysema is a form of COPD;
however, pulmonary emphysema without airway obstruction
iscommon in smokers[6,7]. Smokerswith symptoms suggestive
of COPD who do not qualify for a diagnosis of COPD based
on spirometry are referred to as “grey zone” COPD patients.
They have preserved pulmonary function (forced expired volume
in 1 second/forced vital capacity [FEV,/FVC] of at least 0.70
after bronchodilator and FV C =80% of the expected value) and
respiratory symptoms (COPD assessment test [CAT] =10).

Continuous monitoring is vital for the management of COPD.
Implementing telemedicine and mobile health (mHealth)
innovationshasallowed cliniciansto intervenein COPD earlier
and prevent complications. However, there remain challenges
in the form of alarm frequency and response, both of which
need to be implemented into the existing workflow [8]. Data
flow and workflow processes need to be designed with precision
at the outset if telemedicineisto be applied in clinical practice.
Telemonitoring using mHealth devices has the potentia to
promote self-management, improve control, increase quality of
life, and prevent hospital admissions [9-13]. Technological
advances in mHealth home telemonitoring (electronic health
[eHealth]) programs and systems can affect care for patients
with COPD [12,14-17]. mHealth devices are an emerging
opportunity in clinical studies, and their utility (ie, sensitivity,
accuracy, and reproducibility) has previously been assessed for
telemonitoring for COPD [14].

Telemonitoring is a promising alternative or adjunct to the
provision of traditional health care services in COPD [18].
Although some studies have shown that telemonitoring may
improve some clinical outcomes and reduce health care costs
[19,20], the effects of telehealth interventions on emergency
department attendance, hospital admissions, duration of
admissions, health-related quality of life, costs, and mortality
remain less certain [18,21-25].

In a recent study of telemedicine in the home setting using
multiple activity sensor monitoring equipment in COPD patients,
the augmentation of traditional telemedicine methods with
motion sensing, spirometry, and symptom diaries appeared
feasible [26]. In a literature review (141 randomized trials;
n=37,695) of studies of eHealth practices, such as telemetry,
telephone calls, or home visits by nurse speciaists, most studies
wererelatively short term (<6 months) and did not yield strong
evidence for telemedicine use in the management of chronic
diseases[27]. However, the comparison of outcomesin studies
using telehealth applications is difficult due to advances in
monitoring and communications technology and heterogeneity
in the type of monitoring, the disease entity and severity, and
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the variations in the process of care brought about by the
telemedicine intervention [12].

Although peak flow monitoring has been used for at-home
detection of asthma exacerbations, and studiesin the past have
monitored vital signs and symptoms in patients with COPD
[28], few studies have attempted to deploy spirometry for home
monitoring of COPD [29]. With technical advances, spirometry
isincreasingly being used to track the progress of COPD over
time and to identify acute exacerbations [30-34].

While the number of COPD mHealth devices is rapidly
increasing, most have not been validated as clinically effective
tools for the management of the disease. In addition to
empowering patients and facilitating disease self-management,
mHealth offers promising aid to COPD researchersto help them
personalize treatments based on patient-specific profiles and
integrate symptom occurrence and medication usage with
environmental and genomic data. An integrated and targeted
practice-managed approach that uses mHealth technologiesin
primary care settings will be most effective for the early
identification, monitoring, and management of chronic diseases,
particularly COPD and cardio-metabolic syndrome (ie,
combined diabetes mellitus, systemic arteria hypertension,
central obesity, and hyperlipidemia). Health information
technol ogies are revol utionizing health care by assisting patients
in self-monitoring and decision-making, driving a shift toward
a care model increasingly centered on personal use of digital
and web-based tools [35-37]. Because there is a dearth of
evidence that direct-to-consumer mHealth tools are effective
or that they provide accurate disease recommendations, they
are not yet widely used in clinical practice. Nonetheless, the
preponderance of mHealthisgradually increasing in health care,
industry, and as a subject of research [38].

Thisstudy aimsto investigate the feasibility and utility of using
mHealth devices to improve the treatment, assessment,
compliance, and outcomes of smokers with and without
respiratory symptoms/COPD. It namely means to assess the
feasibility of mHealth devices in current smokers with and
without respiratory symptoms or COPD by monitoring physical
activity, vital signs, and respiratory function, and aimsto assess
the validity of mHealth devicesin detecting vitality parameters
as compared to industry standards.

After demonstrating proof of concept in this study, its purpose
will be to incorporate mHealth devices into an ongoing 5-year
longitudinal cohort observational study to monitor selected
vitality parameters and other comorbidities [39]. Specifically,
depending on the outcomes of the study, the AnaMed Original
Equipment Manufacturer (OEM) device and the Air Next mobile
spirometer will beintroduced to record datafrom arandomized
subsample of participants in an observational cohort study,
including smokers of combustible cigarettes and users of 1QOS
with HeatSticks.

Methods

Study Design
Thisisaproof-of-concept, open-label, three-arm, observational,
single-center feasibility study. A total of 27 participantsin three
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cohorts will use the mHealth devices for 90 days while
undergoing the current standard of care based on their smoking
disease state or lack of disease state. The groups are made up
of nine “non-COPD,” otherwise healthy, smokers, nine “grey
zone” smokers (ie, FEV,/FVC =0.70 after bronchodilator
treatment, CAT =10; six-minutewalk test [6MWT] <450 meters),
and nine smokers diagnosed with Stage 1-3 COPD.

In each group, nine participants will be randomly assigned to
three types of reminders: three participants will be reminded
every morning by text message or phone call and contacted
every evening by phoneor chat services (eg, Skype, WhatsApp,
Viber, texting) to share their experiences and feedback on
mHealth device usage; three participants will receive only
morning reminders; and three participants will receive neither
morning reminders nor evening communication/feedback.

Study Devices and Assessments

Two mHealth devices will be utilized in the study: the AnaMed
OEM device (measures step counts, energy expenditure, heart
rate, and heart rate variability) and the Air Next mobile
spirometry device (Nuvoair AB, Stockholm, Sweden) (measures
FEV,, FVC, and forced expiratory flow).

At the Kazakhstan Academy of Preventive Medicine COPD
Center, standard spirometry data are collected by using the
BTL-08 SPIRO (BTL Industries Limited, United Kingdom)
spirometry system. The spirometer used in this study is tested
and continuously standardized with a 3-liter syringe. Quality
assessments will be performed throughout the study. The Vive
Precision DMD 1003 pulse oximeter is used to get peripheral
capillary oxygen saturation (SpO2) and pulse readings at the
Kazakhstan Academy of Preventive Medicine COPD center
and will be used for comparison to the results produced by the
AnaMed OEM device.

Outcome M easures

Safety and tolerability will be evaluated through adverse events
(AEs), lung function tests, vital signs, and supportive care
medications. Primary measures are defined as rates of
recruitment, retention, and adherence as well as safety of the
intervention that are common for feasibility studies [40].
Recruitment is defined as the number of potentia participants
screened for study eligibility versus the number of people who
enrolled in the study. Retention is defined as the proportion of
participants enrolled who completed the intervention and all
study measures. Adherence to the study protocol is determined
as the proportion of participants enrolled who had all their
mHealth parameters registered every day.

The mHealth deviceswill be compared to theindustry standards.
Additionally, aquestionnaire will be administered to assess the
participants’ perceptions of the mHealth technol ogies used.

Inclusion and Exclusion Criteria

Inclusion Criteria

Participants should meet the following criteriato be eligible to
enroll in the study:

« 40-59 yearsof age
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«  Current smokers who are smoking conventional cigarettes
with a minimum of a ten pack-year smoking history
(calculated by taking the average number of cigarettes
smoked per day divided by 20 and multiplied by the number
of years smoked):

- Asymptomatic current smokers. no symptoms
(CAT<10, 6MWT=450 meters) and preserved
pulmonary function based on spirometry (FEV,/FVC
of at least 0.70 after bronchodilation trestment and FVC
>80% of the expected value) and respiratory symptoms
(CAT 210); OR

+  “Grey zon€’ current smokers. initially preserved
pulmonary function based on spirometry, but with
clinica symptoms based on CAT (>10) and 6MWT
(<450); OR

»  Current smokerswith a confirmed diagnosis of COPD
(Globd Initiativefor Chronic Obstructive Lung Disease
[GOLD] stage I-111).

+ Able to use and willing to be trained to use mHealth
devices.
+  Providewritten, informed consent to participatein the study.

Participants will undergo the current standard of care based on
their smoking disease states or lack of disease state.

Exclusion Criteria

Participants meeting any of the following exclusion criteriaare
not eligible to enroll in the study:

«  Smokerswith COPD exacerbation (defined as a changein
symptoms requiring increased doses of current medicines
or the prescription of new medicines, such as corticosteroids
or antibiotics) that has not resolved at least 28 days before
screening. Smokers with COPD exacerbations occurring
after screening but before the first study visit should also
be excluded.

- Smokers with pneumonia or other respiratory tract
infections that have not resolved at least 14 days before
screening. Any participant that experiences pneumonia
occurring after screening but before the first study visit
should also be excluded.

« Smokers with other active respiratory disorders:
tuberculosis, lung cancer, significant bronchiectasis,
sarcoidosis, bronchial asthma, lung fibrosis, pulmonary
hypertension, interstitial lung diseases, or other active
pulmonary diseases.

- Any comorbid medical condition that, in the opinion of the
investigator, would make participation in the study unsafe
or unfeasible. This includes conditions that prohibit
completion of exercise testing, such as orthopedic,
neurological, cardiovascular, or other conditions that
significantly impair standard biomechanical movement
patterns and limit the ability to walk/cycle, as judged by
the investigator.

«  Use of supplemental oxygen therapy.

«  Inability to abstain from smoking during the period in which
the participant is admitted to the Kazakhstan Academy of
Preventive Medicine COPD Center.

« A history of alergies or hypersensitivity to metal,
particularly stainless stedl.
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- Anyvital signindicator, such as hypertension or tachycardia
at rest that, at the discretion of the investigator, would make
participation in the study unsafe or unfeasible.

- Women who test positive for pregnancy during screening,
lactating women, or women planning to become pregnant
during the study.

« Participants using assistive devices like walking aids, as
these are likely to interfere with physical activity.

«  Other patients who are considered ineligible for the study
by the investigator.

Sample Size Calculation

The primary endpoints of the study are rates of recruitment,
adherence, and retention. To assess the feasibility of the
intervention, we plan to recruit 27 participants, which should
be enough to get estimates with a sufficient degree of
uncertainty. We conservatively predict that 30% of the people
invited to participate will be recruited to the study, with a 95%
Cl of 13-47%. We also assume the dropout rate will be 15%.
The accuracy of the estimated retention rate will be at least
+13%. Further, we believe that 70% of participants will adhere
to the use of mHealth devices. In this case, the accuracy of the
estimate will be at least 17%. All calculations are based on
two-way 95% confidence intervals.

Table 1. Schedule of study activities.
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Study Procedures

Overview

The study will last 90 days and has two stages. The first stage
includes the initial period of using the mHealth devices (Days
1-21) to evaluate the validity of collecting vitality parameters
(eg, heart rate, blood oxygenation, steps/motion) on mHealth
devices. The main period of use for the mHealth devices (Days
22-90) isthe second stage, which aimsto evaluate thefeasibility
of participants using these devices. The schedul e of enrollment
and data collection is shown in Table 1.

For Table 1, spirometry was performed to diagnose and monitor
COPD. Providing of mHealth devices involved the provision
of the AnaMed OEM device, the Air Next mobile spirometer,
and instructions/review of how to use these tools (print and
verbal instructions). For the assessment of the AnaMed OEM
device, the participants SpO2 will be measured at each visit
using industry-standard pulse oximetry devices, and for the
assessment of the Air Next spirometer, participants will host
the mobile spirometer at home for once daily measurements.
Measurements will be validated at Study Center visits using an
industry-standard device before and after the use of a
bronchodilator.

Device assessment period

Clinical feasibility study period

Screening Baselinevisit  Interimvisit Final visit  Interim visits Final visit
Visit 1 2 3 4 5 6 7 8
Days 1 7 14 21 28 35 56 90
Informed consent process g
Study eligibility and smoking status O
Reviewing medical history (including physical exami- [ O O ad ad O ad ad
nation and BM|? measurement)
COPDP assessment test . . = . o o o
Spirometry O O O 0 O O O 0
6-minute walk test O O O O O O O O
Providing the study requirementshandout and explaining [ O O g g g ad g
the study/visit requirements
Dichotomous questionnaire for visit readiness g
Providing mHealth® devices u

Assessment of AnaMed OEMY device

Assessment of Air Next mobile spirometer against
standard

Continuous monitoring

Continuous monitoring

3BMI: body mass index.

bCOPD: chronic obstructive pulmonary disease.
®mHealth: mobile health.

doEMm: original equipment manufacturer.

Participant Recruitment and Registration

We will employ various nonprobability sampling techniques,
including quotaand snowball sampling methods, to recruit study
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participants. The Kazakhstan Academy of Preventive Medicine
research team will register patients for each mHealth device.
Installation and user guides for each technology used include
labeled photographs and written instructions to be used by all
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teams and patients during setup. All equipment has been tested
before deployment. Training is provided on setup, installation,
and use as well as individual checklists, decision trees, and
troubleshooting information. The break for charging is at a
standard time (20:00) across arms. In addition to direct phone
communication, WhatsApp, texting, and other types of
messaging systems are used for sharing daily experiences each
evening to assist with assessing the level of comfort and address
issues with wearing the AnaMed OEM device and using the
Air Next mobile spirometer.

Data Collection

Participants will synchronize their wearable device (AnaMed
OEM device) and the Air Next mobile spirometry device by
signing into their account. Data are stored in a loca cloud
system. The entire process of data ingestion and storage has
been audited, according to ALCOA (attributable, legible,
contemporaneously recorded, original, accurate) standards[41].
Whenever a participant synchronizes new activity datato their
device cloud, those data would be ingested, processed, and
archived, and then aggregated and summarized in JSON data
format by summarization services.

Mobile Health Apps

Participants will be provided with a smartphone (iPhone) to
perform and visualize measurements and are expected to keep
smartphones after the study completion, which will serve as
compensation for participation. Thisisreflected in the Informed
Consent Form.

Participants will be guided to assess their health status using
the Symptomaster application (HealthCity, Kazakhstan) and
zdrav.kz database, which will both also act astoolsto determine
any potential AEs. The SmartHeal th technology Symptomaster
hel ps patients to establish the probable causes of the symptoms
of diseases without assistance from a healthcare professional.
Using asmartphone, a participant inputs hisher symptomsinto
the system, which then produces the most likely preliminary
diagnosis. After receiving the diagnosis, a patient can refer to
zdrav.kz, an online library that contains information about the
1000 most common diseases and their causes and symptoms,
in addition to waysto prevent and treat them. These technologies
allow aparticipant to make an informed decision about whether
they should seek immediate medical assistance by calling an
ambulance or if they should consult a doctor on their next
routine visit.

Physical Examination

Physical examinationswill be conducted during each visit based
on the Stanford Medicine 25 comprehensive clinical assessment
to identify clinical signs of abnormalities. This will be in
addition to standard anthropometric measurements and vital
sign assessments (pulse rate, blood oxygenation, and blood
pressure).

Spirometry

The Air Next mobile spirometer will be used by patients to
assess respiratory function. To use it, patients must hold their
hands on tubular grips or use wrist clamps. Subseguent
respiratory efforts allow the determination of inspiratory
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capacity and FEV,. Participants are categorized for analysis
using the GOLD staging system according to their spirometry,
which will be performed before and after two inhalations of
salbutamol (0.1 pg per inhalation). Among the criteria needed
to make a diagnosis of COPD are deficits in the rate at which
one can forcefully exhale. Most experts consider a low ratio
(<0.70) of the FEV, to the FVC after bronchodilator use to be
a key diagnostic criterion. Bronchodilator responsiveness will
be considered positive if the participant has a=12% changein
FEV,; or FV C above prebronchodilator measurements.

Six-Minute Walk Test

This test measures the distance that a patient can quickly walk
on a flat, hard surface in 6 minutes. A 100-feet hallway is
needed, and no exercise equipment or advanced training for
techniciansis required.

Physical Activity

Study participants will measure their pedometer-determined
physical activity using the AnaMed OEM wearable devices.
While performing the six-minute walk test, participants will
simultaneously use the AnaMed OEM and Garmin Vivo
(Garmin Ltd, Olathe, Kansas, United States) devicesto compare
step counts from both devices.

Chronic Obstructive Pulmonary Disease Assessment
Test

The CAT is used as an add-on test with existing assessments
in COPD (eg, with FEV;). It is a simple and reliable measure
of health status in COPD as it assists patients and their
physicians in quantifying the impact of COPD on the patient’s
health. The CAT is avalidated, short (8-item) questionnaire to
be completed by patients.

User Experience Questionnaire

Participants will be administered questionnaires to assess their
mHealth device use experience. One questionnaire is
administered for each device. The questionswill address comfort
levelsand ease of daily vital measurements. Theinterviewswill
be conducted by clinical investigators not involved with the
guantitative monitoring or analysis to reduce the possibility of
bias.

Data M anagement

All study datawill be stored in theinformation technology Unit
of the Kazakhstan Academy of Preventive Medicine.
Verification of eligibility was completed viaaweb questionnaire
after participants signed the consent form, and participants will
be tracked for the completion of all the study data. If a
participant is excluded or discontinues use during or after the
study procedures, the specific exclusion or discontinuation
reason will be recorded in the database.

All electronic files are encoded using a 128-bit advanced
encryption standard and are password protected on a computer
with both hardware and software firewalls. The locator form
and any documents with identifying information are kept in a
separate folder and kept locked in filing cabinets.
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Statistical Analysis

For this proof-of-concept phase, access to device-derived data
will be enabled via a cloud-to-cloud solution. Graphical and
statistical comparisons will be made between the mobile
biosensing device—derived data and the data derived from the
clinical standards, and between the three different study groups.
Descriptive statistics will be used to summarize required
qualitative and quantitative study elements (eg, proportion,
mean, standard error, median, interquartile range, 95%
confidence interval).

The exploratory graphical analysis will be done before the
numerical analysis. Histograms and two-dimensional scatterplots
of raw data will provide information on the univariate and
bivariate distributions of the variables, focusing on the
distribution of variables and rel ationships between the variables
(whether there is a linear or nonlinear relationship).
Additionally, preliminary graphswill be used to screen raw data
by highlighting obvious data errors. Tabulations will be
produced for appropriate disposition, demographics, baseline,
safety, and clinical parameters.

Statistical comparisons will be made between the mobile
biosensing device—derived data and the data derived from the
standard diagnostic equipment and methods. Agreement analysis
will be performed for both binary and quantitative measures.
For binary variables, percent of agreement (overal, positive,
and negative agreement) as well as Kappa coefficient, P value,
and 95% confidence interval will be calculated. For two
guantitative measures of a parameter, we will use the
Bland-Altman method (Bland-Altman plot and limits of
agreement). The Bland-Altman plot analysis will alow us to
evauate a bias between the mean differences and to estimate
an agreement interval, within which 95% of the differences
between two quantitative methods of measurement areincluded.
Correlation analysiswill also be run so that Pearson’s correlation
coefficient and the 95% confidence interval will be calculated.

The agreement analysiswill be donefor baseline, 7-day, 14-day,
21-day, 28-day, 56-day, and 90-day visits separately and for
the data pooled from all measurements. Within-Subject study
design will be accounted for to assess accuracy and precision
for asingle mobile device. All statistical analyses will be done
for al participants and by study group. Additionally, we will
compare trends of binary and quantitative outcomes from three
study groups wearing mobile devices.
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The analysiswill be performed using R Statistical Software (R
Foundation for Statistical Computing, Vienna, Austria).
Ethics Approval

The Ethics Committee of the Academy of Preventive Medicine
approved this study on June 3, 2019. The study has been
registered at Clinical Trials.gov (NCT04081961).

Results

The inclusion of the participants started in June 2019. Study
resultswill be published in peer-reviewed scientific journals.

Discussion

Principal Considerations

The proposed study isthefirst step in aseries of studiesaiming
to investigate the effect of using mHealth devices to improve
thetreatment, assessment, compliance, and outcomes of smokers
with and without respiratory symptoms/COPD. Theresultsfrom
this proof-of-concept, open-label, device feasibility study will
be used to finalize the protocol for a randomized, open-label,
placebo-controlled, single-center, two-arm, 12-month study
designed to assess clinical feasibility and the effect of this
intervention.

Limitations

This study is a small-scale, exploratory, pilot study which is
looking to answer questions about whether a larger tria is
feasible or not and seeksto get estimates of parameters required
for the calculation of the sample size of the main study. The
results of this study cannot be used to estimate the effect size
of using mHealth devices because the sample sizeistoo small.

Conclusion

Many studies have shown that mHealth tools are effective or
that they provide accurate disease recommendations. This study
will demonstrate whether a large-scale study to assess the use
of mHealth devices to improve the treatment, assessment,
compliance, and outcomes of chronic diseases, particularly
COPD and cardio-metabolic syndrome, is feasible, and will
also allow for the selection of an appropriate design and
characteristics for the later large-scale study.

This study is supported by resources from and the use of facilities at the Kazakhstan Academy of Preventive Medicine, the
HealthCity Clinic, and Synergy Group Kazakhstan. The project is partially funded by a grant from Philip Morris International

(11S.PM1.2016.001).

Authors Contributions

The study was designed by AS, BZ, DS, IK. AS and BZ drafted the manuscript. All authors critically revised the manuscript and

then read and approved the final manuscript.

Conflicts of Interest
None declared.

http://www.researchprotocols.org/2020/3/e16461/

JMIR Res Protoc 2020 | vol. 9 | iss. 3 | 16461 | p. 6
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Sharman et &

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Forouzanfar M, Afshin A, Alexander L, Anderson H, BhuttaZ, Biryukov S, et a. Global, regional, and national comparative
risk assessment of 79 behavioural, environmental and occupational, and metabolic risks or clusters of risks, 1990-2015: a
systematic analysis for the Global Burden of Disease Study 2015. The Lancet 2016 Oct;388(10053):1659-1724. [doi:
10.1016/S0140-6736(16)31679-8]

Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, AboyansV, et al. Global and regional mortality from 235 causes
of death for 20 age groups in 1990 and 2010: a systematic analysis for the Global Burden of Disease Study 2010. The
Lancet 2012 Dec;380(9859):2095-2128. [doi: 10.1016/S0140-6736(12)61728-0]

Friedlander AL, Lynch D, Dyar LA, Bowler RP. Phenotypes of chronic obstructive pulmonary disease. COPD 2007
Dec;4(4):355-384. [doi: 10.1080/15412550701629663] [Medline: 18027163]

Silverman EK. Exacerbations in Chronic Obstructive Pulmonary Disease: Do They Contribute to Disease Progression?
Proceedings of the American Thoracic Society 2007 Dec 01;4(8):586-590. [doi: 10.1513/pats.200706-068th]

Postma DS, Bush A, van den Berge M. Risk factors and early origins of chronic obstructive pulmonary disease. Lancet
2015 Mar 07;385(9971):899-909. [doi: 10.1016/S0140-6736(14)60446-3] [Medline: 25123778]

Woodruff PG, Barr RG, Bleecker E, Christenson SA, Couper D, Curtis JL, et al. Clinical Significance of Symptomsin
Smokerswith Preserved Pulmonary Function. N Engl JMed 2016 May 12;374(19):1811-1821. [doi: 10.1056/nejmoal505971]
Regan EA, Lynch D, Curran-Everett D, CurtisJL, Austin JHM, Grenier PA, Genetic Epidemiology of COPD (COPDGene)
Investigators. Clinical and Radiologic Disease in Smokers With Normal Spirometry. JAMA Intern Med 2015
Sep;175(9):1539-1549 [FREE Full text] [doi: 10.1001/jamainternmed.2015.2735] [Medline: 26098755]

Mohktar MS, Redmond SJ, Antoniades NC, Rochford PD, Pretto JJ, Basilakis J, et al. Predicting the risk of exacerbation
in patients with chronic obstructive pulmonary disease using home telehealth measurement data. Artif Intell Med 2015
Jan;63(1):51-59. [doi: 10.1016/j.artmed.2014.12.003] [Medline: 25704112]

Stroetmann K, Kubitschke L, Robinson S, Stroetmann V, Cullen K, McDaid D. World Health Organization Europe. 2010.
How can telehealth help in the provision of integrated care? URL: http://www.euro.who.int/ _data/assets/pdf file/0011/
120998/E94265.pdf [accessed 2020-01-28]

Rubio N, Parker RA, Drost EM, Pinnock H, Weir CJ, Hanley J, et al. Home monitoring of breathing rate in people with
chronic obstructive pulmonary disease: observationa study of feasibility, acceptability, and change after exacerbation.
COPD 2017 Apr;Volume 12:1221-1231. [doi: 10.2147/copd.s120706]

LiuL, StrouliaE, Nikolaidis |, Miguel-Cruz A, Rios Rincon A. Smart homes and home health monitoring technologies for
older adults: A systematic review. Int JMed Inform 2016 Jul;91:44-59. [doi: 10.1016/].ijmedinf.2016.04.007] [Medline:
27185508]

Himes BE, Weitzman ER. Innovationsin health information technologies for chronic pulmonary diseases. Respir Res 2016
Apr 05;17:38 [FREE Full text] [doi: 10.1186/s12931-016-0354-3] [Medline: 27048618]

Ho T, Huang C, Chiu H, Ruan S, Tsai Y, Yu C, HINT Study Group. Effectiveness of Telemonitoring in Patients with
Chronic Obstructive Pulmonary Disease in Taiwan-A Randomized Controlled Trial. Sci Rep 2016 Mar 31;6:23797 [FREE
Full text] [doi: 10.1038/srep23797] [Medline: 27029815]

Pedone C, Chiurco D, ScarlataS, Incalzi RA. Efficacy of multiparametric telemonitoring on respiratory outcomesin elderly
people with COPD: arandomized controlled trial. BMC Health Serv Res 2013 Mar 06;13(1):82 [FREE Full text] [doi:
10.1186/1472-6963-13-82] [Medline: 23497109]

Hernandez C, Alonso A, Garcia-Aymerich J, Grimsmo A, Vontetsianos T, Garcia Cuyas F, et a. Integrated care services:
lessons learned from the deployment of the NEXES project. Int J Integr Care 2015 Mar 31;15(1):€006 [FREE Full text]
[doi: 10.5334/ijic.2018] [Medline: 26034465]

Blumenthal JA, Emery CF, Smith PJ, Keefe FJ, Welty-Wolf K, Mabe S, et al. The Effects of a Telehealth Coping Skills
Intervention on Outcomesin Chronic Obstructive Pulmonary Disease. Psychosomatic Medicine 2014;76(8):581-592. [doi:
10.1097/psy.0000000000000101]

Nowinski A, Romanski E, Bielen P, Bednarek M, PuscinskaE, Goljan-Geremek A, et al. Pilot program on distancetraining
in spirometry testing — the technology feasibility study. Pneumonol Alergol Pol 2015 Nov 10;83(6):431-435. [doi:
10.5603/piap.2015.0071]

Nimmon L, Poureslami I, FitzGerald M. Telehealth Interventions for Management of Chronic Obstructive Lung Disease
(COPD) and Asthma. Int JHealth Inf Syst Inform 2013;8(1):37-56. [doi: 10.4018/jhisi.2013010103]

Lundell S, Holmner , Rehn B, Nyberg A, Wadell K. Telehealthcare in COPD: a systematic review and meta-analysis on
physical outcomes and dyspnea. Respir Med 2015 Jan;109(1):11-26 [FREE Full text] [doi: 10.1016/j.rmed.2014.10.008]
[Medline: 25464906]

Cruz J, Brooks D, Marques A. Home telemonitoring effectivenessin COPD: a systematic review. Int J Clin Pract 2014
Mar;68(3):369-378. [doi: 10.1111/ijcp.12345] [Medline: 24472009]

Pinnock H, Hanley J, McCloughan L, Todd A, Krishan A, Lewis S, et al. Effectiveness of telemonitoring integrated into
existing clinical serviceson hospital admission for exacerbation of chronic obstructive pulmonary disease: researcher blind,

http://www.researchprotocols.org/2020/3/e16461/ JMIR Res Protoc 2020 | vol. 9 | iss. 3| e16461 | p. 7

(page number not for citation purposes)


http://dx.doi.org/10.1016/S0140-6736(16)31679-8
http://dx.doi.org/10.1016/S0140-6736(12)61728-0
http://dx.doi.org/10.1080/15412550701629663
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18027163&dopt=Abstract
http://dx.doi.org/10.1513/pats.200706-068th
http://dx.doi.org/10.1016/S0140-6736(14)60446-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25123778&dopt=Abstract
http://dx.doi.org/10.1056/nejmoa1505971
http://europepmc.org/abstract/MED/26098755
http://dx.doi.org/10.1001/jamainternmed.2015.2735
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26098755&dopt=Abstract
http://dx.doi.org/10.1016/j.artmed.2014.12.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25704112&dopt=Abstract
http://www.euro.who.int/__data/assets/pdf_file/0011/120998/E94265.pdf
http://www.euro.who.int/__data/assets/pdf_file/0011/120998/E94265.pdf
http://dx.doi.org/10.2147/copd.s120706
http://dx.doi.org/10.1016/j.ijmedinf.2016.04.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27185508&dopt=Abstract
https://respiratory-research.biomedcentral.com/articles/10.1186/s12931-016-0354-3
http://dx.doi.org/10.1186/s12931-016-0354-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27048618&dopt=Abstract
http://dx.doi.org/10.1038/srep23797
http://dx.doi.org/10.1038/srep23797
http://dx.doi.org/10.1038/srep23797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27029815&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/1472-6963-13-82
http://dx.doi.org/10.1186/1472-6963-13-82
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23497109&dopt=Abstract
http://europepmc.org/abstract/MED/26034465
http://dx.doi.org/10.5334/ijic.2018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26034465&dopt=Abstract
http://dx.doi.org/10.1097/psy.0000000000000101
http://dx.doi.org/10.5603/piap.2015.0071
http://dx.doi.org/10.4018/jhisi.2013010103
https://linkinghub.elsevier.com/retrieve/pii/S0954-6111(14)00358-8
http://dx.doi.org/10.1016/j.rmed.2014.10.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25464906&dopt=Abstract
http://dx.doi.org/10.1111/ijcp.12345
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24472009&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Sharman et &

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

multicentre, randomised controlled trial. BMJ 2013 Oct 17;347:f6070 [FREE Full text] [doi: 10.1136/bmj.f6070] [Medline:
24136634]

Bolton C, Waters C, Peirce S, Elwyn G, EPSRCMRC Grand Challenge Team. Insufficient evidence of benefit: a systematic
review of home telemonitoring for COPD. J Eval Clin Pract 2011 Dec;17(6):1216-1222. [doi:
10.1111/j.1365-2753.2010.01536.x] [Medline: 20846317]

Cartwright M, Hirani SP, Rixon L, Beynon M, Doll H, Bower P, Whole Systems Demonstrator Evaluation Team. Effect
of telehealth on quality of life and psychological outcomes over 12 months (Whole Systems Demonstrator telehealth
guestionnaire study): nested study of patient reported outcomesin a pragmatic, cluster randomised controlled trial. BMJ
2013 Feb 26;346:f653 [FREE Full text] [doi: 10.1136/bm;j.f653] [Medline: 23444424]

Kenealy TW, Parsons MJG, Rouse APB, Doughty RN, Sheridan NF, Hindmarsh JKH, et al. Telecare for diabetes, CHF
or COPD: effect on quality of life, hospital use and costs. A randomised controlled trial and qualitative evaluation. PLoS
One 2015;10(3):€0116188 [ FREE Full text] [doi: 10.1371/journal.pone.0116188] [Medline: 25768023)]

Sanchez-Morillo D, Fernandez-Granero MA, Leon-Jimenez A. Use of predictive algorithmsin-home monitoring of chronic
obstructive pulmonary disease and asthma: A systematic review. Chron Respir Dis 2016 Aug;13(3):264-283 [FREE Full
text] [doi: 10.1177/1479972316642365] [Medline: 27097638]

TillisW, Bond WF, Svendsen J, Guither S. Implementation of Activity Sensor Equipment in the Homes of Chronic
Obstructive Pulmonary Disease Patients. Telemed J E Health 2017 Nov;23(11):920-929. [doi: 10.1089/tmj.2016.0201]
[Medline: 28557641]

Wootton R. Twenty years of telemedicinein chronic disease management--an evidence synthesis. J Telemed Telecare 2012
Jun;18(4):211-220 [FREE Full text] [doi: 10.1258/jtt.2012.120219] [Medline: 22674020]

Antoniades NC, Rochford PD, Pretto JJ, Pierce RJ, Gogler J, Steinkrug J, et al. Pilot study of remote telemonitoring in
COPD. Telemed J E Health 2012 Oct;18(8):634-640. [doi: 10.1089/tmj.2011.0231] [Medline: 22957501]

Pradella CO, Belmonte GM, MaiaMN, Delgado CS, Luise APT, Nascimento OA, et a. Home-Based Pulmonary
Rehabilitation for Subjects With COPD: A Randomized Study. Respir Care 2015 Apr;60(4):526-532 [ FREE Full text] [doi:
10.4187/respcare.02994] [Medline: 25269680]

Ferguson GT, Enright PL, Buist AS, Higgins MW. Office spirometry for lung health assessment in adults: A consensus
statement from the National Lung Health Education Program. Chest 2000 Apr;117(4):1146-1161. [doi:
10.1378/chest.117.4.1146] [Medline: 10767253]

Lee TA, Bartle B, Weiss KB. Spirometry use in clinical practice following diagnosis of COPD. Chest 2006
Jun;129(6):1509-1515. [doi: 10.1378/chest.129.6.1509] [Medline: 16778268]

Schermer TR, Jacobs JE, Chavannes NH, Hartman J, Folgering HT, Bottema BJ, et al. Validity of spirometric testingin a
general practice population of patientswith chronic obstructive pulmonary disease (COPD). Thorax 2003 Oct;58(10):861-866
[FREE Full text] [doi: 10.1136/thorax.58.10.861] [Medline: 14514938]

Wilt T, Niewoehner D, Kim C, Kane RL, Linabery A, Tacklind J, et al. Use of spirometry for case finding, diagnosis, and
management of chronic obstructive pulmonary disease (COPD). Evid Rep Technol Assess (Summ) 2005 Aug(121):1-7.
[doi: 10.1037/e439492005-001] [Medline: 16238364]

ChawlaH, Bulathsinghala C, Tejada JP, Wakefield D, ZuWallack R. Physical Activity asaPredictor of Thirty-Day Hospital
Readmission after a Discharge for a Clinical Exacerbation of Chronic Obstructive Pulmonary Disease. Annals ATS 2014
Oct;11(8):1203-1209. [doi: 10.1513/annal sats.201405-1980c]

Finkelstein J, Knight A, Marinopoulos S, Gibbons MC, Berger Z, Aboumatar H, et al. Enabling Patient-Centered Care
Through Health Information Technol ogy. Rockville, Maryland, United States: Agency for Healthcare Research and Quality
(US); Jun 2012.

Mandl KD, Kohane IS. Escaping the EHR trap--the future of health IT. N Engl JMed 2012 Jun 14;366(24):2240-2242.
[doi: 10.1056/NEJMp1203102] [Medline: 22693995]|

Eggleston EM, Weitzman ER. Innovative uses of electronic health records and social mediafor public health surveillance.
Curr Diab Rep 2014 Mar;14(3):468. [doi: 10.1007/s11892-013-0468-7] [Medline: 24488369]

Vegesna A, Tran M, Angelaccio M, Arcona S. Remote Patient Monitoring via Non-Invasive Digital Technologies: A
Systematic Review. Telemed J E Health 2017 Jan;23(1):3-17 [FREE Full text] [doi: 10.1089/tmj.2016.0051] [Medline:
27116181]

Sharman A, Zhussupov B, Sharman D, Kim |, Yerenchina E. Lung Function in Users of a Smoke-Free Electronic Device
With HeatSticks (iQOS) Versus Smokers of Conventional Cigarettes: Protocol for aLongitudinal Cohort Observational
Study. IMIR Res Protoc 2018 Nov 05;7(11):€10006 [FREE Full text] [doi: 10.2196/10006] [Medline: 30401669]
National Institute for Health Research. 2019 Jun 18. Guidance on applying for feasibility studies URL: https:.//www.

ni hr.ac.uk/documents/gui dance-on-applying-for-feasibility-studies/20474 [accessed 2020-01-28]

US Department of Health and Human Services, Center for Drug Evaluation and Research (CDER), Center for Biologics
Evaluation and Research (CBER), Center for Devices and Radiological Health (CDRH). Federal Drug Administration.
2013 Sep. Guidancefor Industry: Electronic Source Datain Clinical Investigations URL: https://www.fda.gov/media/85183/
download [accessed 2020-02-17]

http://www.researchprotocols.org/2020/3/e16461/ JMIR Res Protoc 2020 | vol. 9 | iss. 3 | €16461 | p. 8

(page number not for citation purposes)


http://www.bmj.com/cgi/pmidlookup?view=long&pmid=24136634
http://dx.doi.org/10.1136/bmj.f6070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24136634&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2753.2010.01536.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20846317&dopt=Abstract
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=23444424
http://dx.doi.org/10.1136/bmj.f653
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23444424&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0116188
http://dx.doi.org/10.1371/journal.pone.0116188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25768023&dopt=Abstract
http://europepmc.org/abstract/MED/27097638
http://europepmc.org/abstract/MED/27097638
http://dx.doi.org/10.1177/1479972316642365
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27097638&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2016.0201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28557641&dopt=Abstract
http://europepmc.org/abstract/MED/22674020
http://dx.doi.org/10.1258/jtt.2012.120219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22674020&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2011.0231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22957501&dopt=Abstract
http://rc.rcjournal.com/cgi/pmidlookup?view=short&pmid=25269680
http://dx.doi.org/10.4187/respcare.02994
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25269680&dopt=Abstract
http://dx.doi.org/10.1378/chest.117.4.1146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10767253&dopt=Abstract
http://dx.doi.org/10.1378/chest.129.6.1509
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16778268&dopt=Abstract
http://thorax.bmj.com/cgi/pmidlookup?view=long&pmid=14514938
http://dx.doi.org/10.1136/thorax.58.10.861
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14514938&dopt=Abstract
http://dx.doi.org/10.1037/e439492005-001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16238364&dopt=Abstract
http://dx.doi.org/10.1513/annalsats.201405-198oc
http://dx.doi.org/10.1056/NEJMp1203102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22693995&dopt=Abstract
http://dx.doi.org/10.1007/s11892-013-0468-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24488369&dopt=Abstract
http://europepmc.org/abstract/MED/27116181
http://dx.doi.org/10.1089/tmj.2016.0051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27116181&dopt=Abstract
https://www.researchprotocols.org/2018/11/e10006/
http://dx.doi.org/10.2196/10006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30401669&dopt=Abstract
https://www.nihr.ac.uk/documents/guidance-on-applying-for-feasibility-studies/20474
https://www.nihr.ac.uk/documents/guidance-on-applying-for-feasibility-studies/20474
https://www.fda.gov/media/85183/download
https://www.fda.gov/media/85183/download
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

Sharman €t d

Abbreviations

6MWT: six-minute walk test

AE: adverse event

CAT: Chronic Obstructive Pulmonary Disease Assessment Test
COPD: chronic obstructive pulmonary disease

eHealth: electronic health

FEV,: forced expiratory volumein 1 second

FVC: forced vita capacity

GOLD: Global Initiative for Chronic Obstructive Lung Disease
mHealth: mobile health

OEM: original equipment manufacturer

SpO2: peripheral capillary oxygen saturation
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