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Cystic Fibrosis (CF) requires lifetime multidisciplinary care to manage both pulmonary and extra pulmonary
manifestations. The median age of survival for people with CF is rising and the number of adults with CF is
expected to increase dramatically over the coming years. People with CF have better outcomes when managed in
specialty centers, however access can be limited. Telemedicine and technology-based care solutions may help to
overcome barriers to availability and improve access. This review outlines the use of telehealth for CF man-

agement. Telehealth has been utilized for CF across a broad variety of indications, even prior to the COVID-19
pandemic, and in general has been well accepted by patients and providers. There are a paucity of data, however,
related to health outcomes, and the healthcare utilization specific to CF and its related comorbidities. Future
studies are needed to address the questions of health outcomes, cost, burdens of telehealth and barriers to

implementation.

Introduction

Cystic Fibrosis (CF), due to its progressive nature and multi-system
manifestations, requires lifetime multidisciplinary care. People with
CF have better outcomes when managed in specialty centers, however
access can be limited by distance and availability [1-2]. In addition, due
to the changing demography of CF there has been an increase in the
number of adults living with CF and its complications, thus increasing
the need for specialist availability [3-4]. The current and future chal-
lenges of meeting patient care needs by specialist centers will require
new models of care delivery; technology-based solutions to bridge gaps
in access and availability have been evaluated as possible solutions to
these challenges.

Telemedicine is the remote delivery of health care services using
telecommunications technology. Telemedicine can be delivered in a
variety of ways including: (A) Virtual visit: a live (synchronous) inter-
active encounter between patient and provider, (B) Chat-based in-
teractions: an asynchronous online or mobile app communication to
transmit health data for review, diagnosis or treatment plan at a later
time, (C) Remote patient monitoring: the collection and transmission of
data to a provider or healthcare team for synchronous or asynchronous
chronic disease management, (D) Store and forward: the
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asynchronous transmission of patient health data for later review and
diagnosis [5].

There has been significant interest in utilizing telehealth for disease
management even prior to the coronavirus 2019 (COVID-19) pandemic,
and there is a robust and growing body of literature on this topic. Studies
have evaluated telehealth use in both adult and pediatric populations.
Because studies on this topic are heterogeneous in the population
studied, the method of telehealth used and the outcomes evaluated, it
can make drawing conclusions and generalizations difficult. However,
several themes have emerged that support the use of this mode of care.
Telehealth may offer benefits compared to in-person visits (Table 1).
Telemedicine may allow for more frequent contact with the healthcare
team, has the potential to improve access to specialist care, can reduce
the cost of obtaining care by removing the need for patients and their
families to travel, may reduce the exposure of high-risk patients to
infection in the clinic, and may help to improve patient engagement and
adherence, thus improving outcomes [6-21].
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Table 1
General benefits of and barriers to telemedicine.

Benefits of Telemedicine:

More frequent contact between patients and providers
Improved healthcare access

Reduced travel costs

Reduced time away from work/school

Reduced infection risk

Improved patient engagement

Improved patient adherence

Barriers to Telemedicine:

Limited evaluation due to lack of physical exam
Security of data transfer

Provider licensure requirements

Patient location requirements

Disparities in high speed internet access

Disparities in technology adoption

Availability of interpreter services

Ability to teach patients & caregivers proper device use

Telemedicine in general
Telehealth logistics and practical considerations

Effective delivery of telehealth requires both patients and clinics to
have the necessary digital infrastructure, including hardware and soft-
ware, support personnel and dedicated clinician space (Table 2). Data
from self-monitoring devices must be uploaded by patients prior to the
visit so that these measures can be available to the care team. Often
these require proprietary software, although third party platforms are
available which can integrate and upload multiple device types and
brands [22]. In some cases, self-monitoring devices upload data directly
to cloud-based storage systems in real time, and can be visualized by
clinicians [23]. Video visits require high-speed internet as well as a
device for connection, such as a smart-phone, tablet, laptop, or desktop
computer. Clinicians require secure dedicated space in the clinic or at a
secure home office in order to conduct a visit as well as an electronic
health system with an embedded, HIPPA compliant platform or third-
party system to conduct a virtual visit. Support staff are needed to
ensure patients are prepared for the visit and remotely checked in to the
encounter to ensure necessary device data are available prior to the visit
start. Information technology support staff are required to troubleshoot
any issues that may arise in real time to ensure a successful visit. Billing
systems must be established with payors to ensure reimbursement.

Barriers to Telehealth

Although telehealth may serve as a useful modality to deliver
effective healthcare there are several medical-legal considerations that
must be considered (Table 1). Remote visits lack a physical exam, thus
diagnosing and treating new conditions may be limited. HIPPA and
patient privacy concerns must also be taken into account and the use of
secure modes of data transfer are needed. Location of the patient at the
time of telehealth visit and state of licensure of the treating physician
need to be considered to ensure the visit adheres to licensure

Table 2
Necessary components for both patients and providers for a successful tele-
medicine visit.

Necessary Components for Successful Telemedicine:

Ability for patient to upload self-monitoring devices for clinician review

High speed internet connection

Device to connect to the visit (smartphone, tablet, laptop or desktop computer)
Secure and dedicated clinician space

HIPPA complaint platform to conduct virtual visit

Support staff to prepare patient

IT support

Billing systems to ensure reimbursement
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requirements. Prior to the COVID-19 pandemic telehealth visits were not
available to most patients and the U.S Centers for Medicare and
Medicaid Services had strict requirements for eligibility for reimburse-
ment. Reimbursement was largely only available to those in designated
rural areas [24]. With the emergence of COVID-19 pandemic and the
need for physical distancing to decrease rates of transmission, many
policy barriers have been lifted [25]. In many states virtual visits are
being reimbursed at parity with in-person visits and restrictions on the
physical location of patient and physician have been temporarily
modified. Long-term changes to telehealth billing and licensure remain
to be determined.

Inequities in healthcare access are multiple, and those who might
stand to benefit from telehealth may have the most barriers. There is
evidence for less adoption of technology and high-speed internet access
amongst older patients, minority groups and those with lower socio-
economic status [26-27]. This digital divide may further exacerbate
inequities in the post-COVID —19 landscape of widespread telemedicine
use. A recent study of 148,402 unique patient telemedicine visits for
primary and subspecialty ambulatory care during the early phase of
COVID-19 found that older, Asian and non-English speaking patients
had lower rates of telemedicine use in general, while older, female,
Black, Latinx and poorer patients had less video use [27]. A separate
study in patients with type 1 diabetes in the early phase of the COVID-19
pandemic found lower telemedicine use among non-English speaking,
and Medicaid-insured pediatric patients [28]. Visits that require a lan-
guage interpreter may be particularly challenging when they are not
conducted in person, as are visits to teach patients how to use a device.
Disparities in telemedicine utilization warrant further study.

Outcomes and economics of Telehealth

Telehealth may offer several benefits compared to in person visits.
Regionally, access to specialists is limited in rural regions. Remote visits
provide patients access to needed specialty care, can decrease trans-
portation costs and reduce lost wages due to time away from work [8-9].
Telehealth modalities including phone calls, texting, and web-based
interactions may allow for more frequent patient contact and review
of patient data allowing patients to be more engaged with their care
team, allowing for increased education and points of intervention [6-7].
Multiple randomized-controlled trials (RCTs) have examined clinical
outcomes of telehealth interventions compared to in-person care and the
comparisons have generally been favorable [29-30]. Broadly speaking,
studies conducted to date have analyzed various telehealth modalities
including synchronous and asynchronies interventions, remote moni-
toring, as well as remote screening for complications. Studies comparing
telehealth interventions are lacking and further data are warranted.

General cost effectiveness

Many studies have attempted to quantify the cost-effectiveness of
telehealth interventions. Methods to analyze the economic benefit vary
and are often based on short time horizons. Depending on the modality
of the intervention and the patient population, cost-savings varied with
some interventions resulting in cost savings and other resulting in
increased healthcare expenditures [10,31-33]. From the patient
perspective, telehealth reduces travel-time and lost time from work and
these considerations should be considered when evaluating the overall
economic costs [10-11]. Real-world long-term economic data on tele-
health modalities is lacking and further data are needed.

General patient and provider perspectives

Patient reported outcomes and satisfaction have been a focus of
healthcare systems outcomes. Uptake and use of telehealth formats
require buy-in from both patients and healthcare systems for its suc-
cessful implementation. Patients and their caregivers have reported
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satisfaction with telehealth noting increased communications, ease of
use and reduction of travel time [12-15]. Healthcare organizations and
physicians have embraced technology given its potential decreased wait
times, improved no-show rates, increased medication adherence and
decreased rates of admission [18-21]. Successful implementation of
telehealth requires investments from hospital systems and
administration.

Overview of telehealth for the management of diabetes

The use of telehealth in the field of diabetes management has been
utilized for care delivery for decades and is in many respects a paradigm
for telehealth delivery [34]. Effective diabetes self-management re-
quires a combination of factors including blood glucose monitoring,
medication adherence, as well as incorporating healthy lifestyle factors
such as dietary habits and regular physical activity [35]. Adequate
glycemic control is critical to mitigate the risk of long-term macro- and
microvascular complications [36]. Diabetes care involves a team-based
approach with the integration of healthcare professionals including
endocrinology, diabetes nurse educator, nutrition, podiatry, psychology,
and ophthalmology, among others. Telehealth is one potential modality
that can allow patients to remotely access multiple specialists for co-
management of this chronic disease.

Diabetes self-management requires patients to capture high density
data including daily self-monitoring of blood glucose levels and/or
continuous glucose monitoring, as well as insulin dosing via multiple
daily injections and/or continuous subcutaneous insulin infusion (pump
therapy). The data requires frequent interpretation by the care team for
medication titration to ensure patients are maximizing time in target
glucose ranges. Medication needs frequently change over time due to
changes in body mass, puberty, activity level, dietary factors, concom-
itant medication usage and intercurrent illness. Telehealth lends itself as
a potential modality to facilitate care in diabetes by increasing contact
between patients and practitioners to improve overall care. Increased
patient-provider contact in patients with diabetes is associated with
improved outcomes [37]. Many patients in remote and rural areas may
lack access to specialty care, and travel and time lost from work can be
minimized with virtual visits [38]. Telehealth interventions represent a
potential modality to increase patient contact and remove barriers to
care.

Several meta-analyses have been published reviewing diabetes clin-
ical outcomes and, in general, telehealth interventions have been asso-
ciated with reduced hemoglobin Alc in patients with all forms of
diabetes and age ranges [39-51]. A recent umbrella review by Timpel
et al. included 46 systematic reviews and meta-analyses of randomized
controlled trials, most published since 2015. They reported that tele-
medicine interventions lead to a statistically significant and clinically
relevant reduction rate for hemoglobin Alc (HbAlc) of < -0.5%. Higher
reduction rates were found for interventions that were frequent, intense
and of shorter duration (<6 months). Higher reduction rates were also
found in patients who were younger, more recently diagnosed with
diabetes and with higher baseline HbAlc (>8%). Of note, they assessed
that the overall and subgroup-specific certainty of evidence was low to
very low [46]. Thus, telehealth has the potential to improve clinical
outcomes in patients with diabetes, though certain intervention types
and populations may produce more positive results and should therefore
be preferentially targeted.

There may be a role for telehealth in screening for and monitoring of
diabetic microvascular complications. In particular, many studies have
shown that the use of telemedicine for retinal screening using digital
retinal photos is beneficial and cost-effective [52-56]. A study by Smith-
Strom et al. found that the adjunctive use of telehealth for monitoring of
patients with diabetic foot ulcers was noninferior to standard care [57].

Beyond these outcomes, telehealth has the potential to improve
psychosocial outcomes in diabetic patients. Nobis et al. reported that a
guided, web-based intervention to reduce depression in adults with
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diabetes reduced both depressive symptoms and diabetes-specific
emotional distress [58]. In another study on young adults with type 1
diabetes by Bakhach et al., group home telemedicine reduced diabetes
distress and improved diabetes self-efficacy and diabetes-specific
communication [59].

Studies have shown that there is measurable patient time savings
using telehealth for diabetes care, especially in rural areas. A study in
the VA system by Xu et al. implementing telemedicine for 32 type 1
diabetes patients in rural Alabama and Georgia reported a median time
savings of 78 min travel time each way [60]. In a study by Raymond et.
al. young adults with type 1 diabetes reported saving over 6 h from their
work or school day when completing their diabetes clinic visit virtually
instead of in-person [61].

In general, patients express satisfaction with telehealth [51,60-66].
A recent systematic review of patients with type 2 diabetes identified
time-saving, access and support as the key identifiable factors which led
to higher patient satisfaction with telemedicine [62]. A study by Scott
et al. surveyed 7477 patients globally with type 1 diabetes during the
COVID-19 pandemic and reported that 86% of patients found remote
appointments useful and that they would agree to use telehealth again in
the future [65]. Lee et. al performed in-depth and focus group interviews
with patients who had used telemedicine for type 2 diabetes. Patients
were primarily positive about the benefits of telemedicine, though re-
ported obstacles related to cost, internet connectivity and difficulties
experienced with system interface [63].

It appears that providers also find telemedicine to be a satisfactory
method of care for patients with diabetes [66-67]. A survey of pre-
dominantly rural primary care providers involved in the use of tele-
medicine for Medicare patients with diabetes in medically underserved
areas of New York found that the primary care providers (PCPs) had a
positive experience with the program [63]. Other studies have also
demonstrated PCP satisfaction with and acceptance pf telemedicine
consultations [68]. Studies are needed to assess endocrinologist satis-
faction with providing telemedicine consultations as well as provider
satisfaction with the use of telehealth for diabetes care during the
COVID-19 pandemic.

Cystic fibrosis and telemedicine

The use of telemedicine in CF has been evaluated in numerous
studies. Most are small feasibility studies, with heterogeneous partici-
pants and outcomes evaluated. One review by Cox et al. evaluated eight
studies of telemedicine specific to CF and found that telemedicine was
feasible, patients were willing to utilize telemedicine and there were no
concerns regarding data transmission or adverse outcomes [69]. While
this is encouraging, the studies included clinically stable patients, with
many failing to provide data at required time points, thus limiting
generalizability [69].

Exercise interventions

Routine physical activity is recommended for people with CF in
order to improve quality of life and outcomes [70-72]. Adherence with
exercise regimens is often poor, however, and optimal strategies to
overcome barriers have not been established [73]. Several small studies
have demonstrated feasibility of and favorable patient perspectives on
telemedicine exercise interventions [74-77]. Benz et al. showed that
home-based physiotherapy resulted in a more frequent return to base-
line lung function in pediatric patients recovering from an exacerbation
(49% hybrid care model vs. 32% standard care model) and had
considerable savings regarding travel time and travel distance [78]. A
review four of RCTs of exercise interventions in people with CF found
that counselling over six months improved participation in physical
activity, however, no training program showed improved quality of life
[73]. Active video game (AVG) -based interventions have also been
evaluated, as they may be more appealing and engaging way for people
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to participate in physical activity. A review of twelve AVG-based in-
terventions found similar or improved exercise capacity compared to
traditional exercise, and the interventions were significantly more
enjoyable compared to traditional programs; however, there was limited
evidence for long term effectiveness and adherence [79].

Psychological interventions

The psychological burden of cystic fibrosis is well described and can
include depression, anxiety and decreased quality of life [80-81].
Intensive treatment regimens and multisystem complications, as well as
shortened life expectancy are all contributing factors. One small pilot
study found that self-efficacy could be improved with use of a mentoring
program and mobile phone app, compared to mentoring alone or control
group [82]. O’Hayer et al. evaluated delivery of acceptance and
commitment therapy (ACT) via telehealth and found that it was feasible
and potentially effective for treatment of anxiety, depression and
improving psychological flexibility [83]. A review by Goldbeck et al. of
16 studies of psychological interventions for people with CF and their
families found that targeting specific illness-related challenges can be
effective, however, there was heterogeneity between studies regarding
type of intervention and the specific issue targeted [84]. E-health in-
terventions for treatment of anxiety and depression has also been an
area of evaluation. A review of e-health in children and adolescents
found that overall there is low quality evidence for treatment of
depression, anxiety or change in quality of life and concluded that while
telemedicine in patients with CF holds promise, there is insufficient
evidence at this time to conclude on its efficacy [85].

Improved care access

A particular appeal of telemedicine is its ability to expand access to
subspecialty care by preventing the need to travel long distances. One
study evaluating the uptake of telehealth for individuals with CF from
rural areas found that access to care improved, with over 90% of par-
ticipants attending clinic visits and 2/3 of participants choosing tele-
health over in-person clinic visits [86]. There was increase in healthcare
utilization in this study, with increases in intravenous antibiotic days,
hospital admissions and admission days per participant [86]. While this
may be adverse from a cost standpoint, early detection and treatment of
exacerbations may improve long term outcomes by helping to preserve
lung function [87].

Improved communication

Patients with CF value a close relationship with their clinical care
team and are used to frequent contact [88]. Telemedicine and mobile
technologies may assist with improving patient education and commu-
nication with the specialty team. Video chats and text messaging have
been shown to be feasible and acceptable for communication [89].
Smartphone applications have been used to report symptoms of pul-
monary exacerbations, and showed a decrease in median time to
detection of exacerbations [90]. Web-based symptom screening has also
been utilized with success for monitoring of symptom distress and
advance care planning for those enrolled in palliative care [91]. A study
by Dhingra et al. used an online screening system to assess physical and
psychological distress symptoms, and found that it could identify pa-
tients who may benefit from immediate medical or psychological
attention [92]. This model carried a high burden of time and effort in-
vestment by CF center staff, and the authors suggested that modifica-
tions to improve efficiency could be considered.

Improved medication adherence

Patient adherence to medication and treatment regimens is often
suboptimal; estimations of medication usage indicate that 30-50% of
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medicines are not taken as prescribed, and adherence declines over time
[93-94]. Average patients with CF are prescribed seven or more medi-
cations per day with over 100 min per day spent on pulmonary treat-
ment [95]. The complexity and time-consuming nature of CF care makes
adherence even more challenging. One study of over 3,000 people with
CF found that adherence was 48% and decreased with age, especially
during the adolescent time period [96]. Lower treatment adherence is
associated with worse health outcomes, making this an important target
for advancing health in the CF population [96]. Text message reminders
have been shown to improve adherence in children and adolescents with
moderate baseline medication usage [97]. A pilot study of a mobile
health app in adolescents found that the medication reminder function
was used the most and perceived most useful, however there was sig-
nificant reduction of use over time and most did not want to continue
using the app [98]. One study of home spirometry with weekly tele-
phone calls and text messaging showed improved medication adherence
in adolescents with CF [99]. However, another study of home spirom-
etry in adults resulted in poor adherence and reports of high treatment
burden [100]. A pilot study of electronic nebulizer adherence moni-
toring paired with interventionist support tailored to patient need
showed improved adherence to nebulizers in adults with CF [101].
These differences in outcomes highlight the importance of personalized
empowerment interventions that are carefully considered, in order to
avoid additional burdens on individuals with already complex treatment
regimens.

Cost savings

Telemedicine may help to reduce the cost of CF care. Pulmonary
consultations via telemedicine to patients in underserved rural areas
resulted in cost savings of $US 1000/patient compared to in-person
visits [102]. An Italian cost analysis showed benefits over time when
telemonitoring was used to follow patients with CF at home [103].
Additional long-term data on the cost savings of telemedicine in CF
across different healthcare systems and with use of multidisciplinary
teams is needed.

Patient and provider perspectives

Overall, patients with CF have favorable satisfaction with telemedi-
cine across a variety of ages, settings and countries [104]. Pediatric CF
patients and their caregivers report high satisfaction with telehealth
overall [104]. In one study of home telemonitoring in adults 70% of the
participants reported being pleased that they were able to evaluate their
own health, and 80% desired continued use in the future [105]. A study
of adult patients in rural and remote areas of western Australia showed
that most (94%) of participants were satisfied with telemedicine care
delivery [86]. CF clinician satisfaction has been reported to be favorable
(89%), with the majority reporting a positive impact on clinician patient
relationship (57%) and improved efficiency (56%) [106]. Despite these
positive perspectives, clinicians were concerned over missing compo-
nents of routine assessment that are done in-person, such as physical
exam, vital signs, pulmonary function testing and cultures, as well as
technological limitations of telemedicine [106].

COVID-19 considerations in CF

The COVID-19 pandemic has become a serious world health problem
that resulted in many healthcare systems rapidly transitioning to tele-
medicine in order to allow social distancing and reduction in viral
transmission. Reports of swift and successful transition from in-person to
telemedicine and hybrid multidisciplinary CF clinics have been pub-
lished [107-110]. A recent survey of patients with chronic health con-
ditions found that during the COVID-19 pandemic patients with CF had
the highest telehealth utilization of all groups, perhaps driven in part by
the finding that they reported perceiving a higher risk of severe disease
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due to COVID-19 [111]. COVID-19 infection is more likely to be severe
in those with underlying comorbidities such as lung disease and diabetes
[112]. Patients with CF are more likely to have severe infections due to
viral respiratory infection [113]. Despite these risks, the incidence of
COVID-19 has been lower in CF than the general population. This may
be due to familiarity with infection control measures such as social
distancing and use of personal protective equipment [114]. As of July 1,
2021, there have been 1,550 cases of COVID 19 identified in CF patients
in the United States, with 14 deaths [115].

CF specific concerns

Cystic fibrosis related diabetes (CFRD) is one of the most common
extrapulmonary complications of cystic fibrosis, and its incidence is
likely to increase with the increasing longevity of the CF population
[116]. Despite the multitude of literature describing the use of tele-
medicine for diabetes, there are no outcome data for the use of tele-
medicine for CFRD. While much of the literature for telemedicine in
diabetes is positive, extrapolation to CFRD is imprudent. Specific studies
evaluating use of telemedicine in CFRD and outcomes are needed.

Part of the routine CF care includes evaluation for possible pulmo-
nary exacerbations. This can be challenging, however, as the definition
of a respiratory exacerbation is not standardized [117]. One concern
with telemedicine is that the detection of pulmonary exacerbations by
daily home spirometry measurements and symptom score may not be
accurate [118-120]. Daily monitoring of spirometry can vary up to 13%,
and may mask the decline seen with exacerbations [120]. In addition,
the evaluation of symptoms is subjective, and the variation in symptom
score has not been validated in adults with CF. Lack of physical exam
components (lung examination, pulmonary function tests, sputum
collection, vitals and weight) could potentially hinder the ability to
detect new pathogens or diagnose a subacute exacerbation [104,106].
Nonetheless, telemedicine has been found to be efficient in determining
CF clinical status [110]. There is also the concern that telemedicine may
lead to less engagement with the CF team [104]. Despite these concerns,
telemedicine does offer reduced risk of cross infection by avoiding
hospitals, clinics, and close contact with other CF patients [16-17].

Conclusion

The median age of survival for people with CF is well into the 4th and
5th decades of life for developed countries, and the number of adults
with CF is expected to increase dramatically over the coming years
[121]. New and inventive models of healthcare delivery to accommo-
date growing numbers of patients with complex medical needs, while
maintaining health outcomes will be needed to meet this demand. In the
future, more routine care may be delivered remotely, especially as
technology for self-monitoring improves in accuracy and availability.
Future programs should aim to improve quality of life and reduce bur-
dens of care. Not all patients have access to technology and ways to
eliminate this disparity need to be found. The efficacy of telemedicine
will need to be more rigorously studied as the effects on health outcomes
and healthcare utilization are lacking. As efforts to advance outcomes
for people with CF continue and patient-centered care models expand,
telemedicine may help to meet the needs of patients and improve
engagement and outcomes. While telemedicine holds great promise, the
questions of cost, additional patient and provider burdens, and barriers
to availability will need to be addressed.

Funding

This work was supported by the Cystic Fibrosis Foundation:
Envision-II CF: Emerging Leaders in CF Endocrinology.

Journal of Clinical & Translational Endocrinology 26 (2021) 100270
CRediT authorship contribution statement
Marisa E. Desimone: Conceptualization, Writing — review & editing.
Jordan Sherwood: Sarah C. Soltman: . Antoinette Moran:
Conceptualization, Writing — review & editing.
Declaration of Competing Interest
The authors declare that they have no known competing financial

interests or personal relationships that could have appeared to influence
the work reported in this paper.

References

[1

—

Mahadeva R, Webb K, Westerbeek RC, et al. Clinical outcome in relation to care
in centres specialising in cystic fibrosis: cross sectional study. BMJ 1998;316:
1771-5.

Lebecque P, Leonard A, De Boeck K, De Baets F, Malfroot A, Casimir G, et al. Early

referral to cystic fibrosis specialist centre impacts on respiratory outcome. J Cyst

Fibros 2009;8(1):26-30.

Bell SC, Mall MA, Gutierrez H, Macek M, Madge S, Davies JC, et al. The future of

cystic fibrosis care: a global perspective. Lancet Respir Med Comm 2020;8(1):

65-124.

Plant BJ, Goss CH, Plant WD, Bell SC. Management of comorbidities in older

patients with cystic fibrosis. Lancet Respir Med 2013;1(2):164-74.

American Telemedicine Association. Telehealth Basics. https://www.

americantelemed.org/resource/why-telemedicine/ (Accessed April 20, 2021).

[6] Doger E, Bozbulut R, Soysal Acar AS, Ercan §, Kiling Ugurlu A, Akbas ED, et al.

Effect of telehealth system on glycemic control in children and adolescents with

type 1 diabetes. J Clin Res Pediatr Endocrinol 2019;11(1):70-5.

Ayatollahi H, Hasannezhad M, Fard HS, Haghighi MK. Type 1 diabetes self-

management: developing a web-based telemedicine application. Health Inf

Manag 2016;45(1):16-26.

Russo JE, McCool RR, Davies L. VA telemedicine: An analysis of cost and time

savings. Telemed J E Health 2016;22(3):209-15.

[9] McLendon SF. Interactive video telehealth models to improve access to diabetes
specialty care and education in the rural setting: A systematic review. Diabetes
Spectr 2017;30(2):124-36.

[10] Dullet NW, Geraghty EM, Kaufman T, Kissee JL, King J, Dharmar M, et al. Impact
of a University-based outpatient telemedicine program on time savings, travel
costs, and environmental pollutants. Value Health 2017;20(4):542-6.

[11] Bynum AB, Irwin CA, Cranford CO, Denny GS. The impact of telemedicine on
patients’ cost savings: some preliminary findings. Telemed J E Health 2003;9(4):
361-7.

[12] Georgsson M, Staggers N. Quantifying usability: an evaluation of a diabetes
mHealth system on effectiveness, efficiency, and satisfaction metrics with
associated user characteristics. J Am Med Inform Assoc 2016;23(1):5-11.

[13] Moin T, Ertl K, Schneider J, Vasti E, Makki F, Richardson C, et al. Women
veterans’ experience with a web-based diabetes prevention program: a qualitative
study to inform future practice. J Med Internet Res 2015;17(5):e127. https://doi.
0rg/10.2196/jmir.4332.

[14] Buis LR, Hirzel L, Turske SA, Des Jardins TR, Yarandi H, Bondurant P. Use of a
text message program to raise type 2 diabetes risk awareness and promote health
behavior change (part I): assessment of participant reach and adoption. J Med
Internet Res 2013;15(12):e281. https://doi.org/10.2196/jmir.2928.

[15] Orlando JF, Beard M, Kumar S, Borsci S. Systematic review of patient and
caregivers’ satisfaction with telehealth videoconferencing as a mode of service
delivery in managing patients’ health. PLoS ONE 2019;14(8):e0221848.

[16] Govan JRW, Brown AR, Jones AM. Evolving epidemiology of Pseudomonas
aeruginosa and the Burkholderia cepacia complex in cystic fibrosis lung infection.
Future Microbiol 2007;2(2):153-64.

[17] Kidd TJ, Magalhaes RJS, Paynter S, Bell SC. The social network of cystic fibrosis
centre care and shared Pseudomonas aeruginosa strain infection: a cross-sectional
analysis. Lancet Respir Med 2015;3(8):640-50.

[18] Goncalves-Bradley DC, et al. Mobile technologies to support healthcare provider
to healthcare provider communication and management of care. Cochrane
Database Syst Rev 2020;8. p. CD012927.

[19] Agha Z, Schapira RM, Laud PW, McNutt G, Roter DL. Patient satisfaction with
physician-patient communication during telemedicine. Telemed J E Health 2009;
15(9):830-9.

[20] Donelan K, et al. Patient and clinician experiences with telehealth for patient
follow-up care. Am J Manag Care 2019;25(1):40-4.

[21] Raaber N, et al. Telemedicine-based physician consultation results in more
patients treated and released by ambulance personnel. Eur J Emerg Med 2018;25
(2):120-7.

[22] Wong JC, Izadi Z, Schroeder S, Nader M, Min J, Neinstein AB, et al. A pilot study
of use of a software platform for the collection, integration, and visualization of
diabetes device data by health care providers in a multidisciplinary pediatric
setting. Diabetes Technol Ther 2018;20(12):806-16.

[23] Arbiter B, Look H, McComb L, Snider C. Why download data: The benefits and

challenges of more diabetes data. Diabetes Spectr 2019;32(3):221-5.

[2

—

[3

=

[4

=

[5

[k}

[7

—

[8

—


http://refhub.elsevier.com/S2214-6237(21)00022-3/h0005
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0005
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0005
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0010
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0010
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0010
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0015
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0015
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0015
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0020
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0020
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0030
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0030
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0030
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0035
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0035
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0035
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0040
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0040
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0045
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0045
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0045
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0050
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0050
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0050
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0055
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0055
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0055
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0060
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0060
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0060
https://doi.org/10.2196/jmir.4332
https://doi.org/10.2196/jmir.4332
https://doi.org/10.2196/jmir.2928
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0075
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0075
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0075
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0080
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0080
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0080
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0085
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0085
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0085
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0090
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0090
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0090
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0095
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0095
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0095
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0100
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0100
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0105
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0105
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0105
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0110
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0110
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0110
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0110
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0115
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0115

M.E. Desimone et al.

[24]
[25]
[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Frilling S. Medicare telehealth services and nephrology: Policies for eligibility and
payment. Adv Chronic Kidney Dis 2017;24(1):46-50.

Bokolo Anthony J. Use of telemedicine and virtual care for remote treatment in
response to COVID-19 pandemic. J Med Syst 2020;44(7):132.

Marcin JP, Shaikh U, Steinhorn RH. Addressing health disparities in rural
communities using telehealth. Pediatr Res 2016;79(1-2):169-76.

Eberly LA, Kallan MJ, Julien HM, et al. Patient characteristics associates with
telemedicine access for primary and specialty ambulatory care during the COVID-
19 pandemic. JAMANetwork Open 2020;3(12):2031640.

Tilden DR, Datye KA, Moore DJ, French B, Jaser SS. The rapid transition to
telemedicine and its effect on access to care for patients with type 1 diabetes
during the COVID-19 pandemic. Diabetes Care 2021;44(6):1447-50.

Bashshur RL, Howell JD, Krupinski EA, Harms KM, Bashshur N, Doarn CR. The
empirical foundations of telemedicine interventions in primary care. Telemed J E
Health. 2016;22(5):342-75. https://doi.org/10.1089/tmj.2016.0045.

Bashshur RL, Shannon GW, Smith BR, Alverson DC, Antoniotti N, Barsan WG,
et al. The empirical foundations of telemedicine interventions for chronic disease
management. Telemed J E Health. 2014;20(9):769-800. https://doi.org/
10.1089/tmj.2014.9981.

Schechter CB, Cohen HW, Shmukler C, Walker EA. Intervention costs and cost-
effectiveness of a successful telephonic intervention to promote diabetes control.
Diabetes Care 2012;35(11):2156-60.

Chaugule S, Graham C. Cost-effectiveness of G5 Mobile continuous glucose
monitoring device compared to self-monitoring of blood glucose alone for people
with type 1 diabetes from the Canadian societal perspective. J Med Econ 2017;20
(11):1128-35.

Tchero H, Kangambega P, Briatte C, Brunet-Houdard S, Retali G-R, Rusch E.
Clinical effectiveness of telemedicine in diabetes mellitus: A meta-analysis of 42
randomized controlled trials. Telemed J E Health 2019;25(7):569-83.

Billiard A, Rohmer V, Roques M-A, Joseph M-G, Suraniti S, Giraud P, et al.
Telematic transmission of computerized blood glucose profiles for IDDM patients.
Diabetes Care 1991;14(2):130-4.

Association AD. 1. Improving care and promoting health in populations:
standards of medical care in diabetes-2021. Diabetes Care 2021;44(Supplement
1):S7-14.

Diabetes C, et al. The effect of intensive treatment of diabetes on the development
and progression of long-term complications in insulin-dependent diabetes
mellitus. N Engl J Med 1993;329(14):977-86.

Moorin RE, Youens D, Preen DB, Harris M, Wright CM. Association between
continuity of provider-adjusted regularity of general practitioner contact and
unplanned diabetes-related hospitalisation: a data linkage study in New South
Wales, Australia, using the 45 and Up Study cohort. BMJ Open 2019;9(6):
e027158. https://doi.org/10.1136/bmjopen-2018-027158.

Vigersky RA, et al. The clinical endocrinology workforce: current status and
future projections of supply and demand. J Clin Endocrinol Metab 2014;99(9). p.
3112-21.

Faruque LI, Wiebe N, Ehteshami-Afshar A, Liu Y, Dianati-Maleki N,
Hemmelgarn BR, et al. Effect of telemedicine on glycated hemoglobin in diabetes:
a systematic review and meta-analysis of randomized trials. CMAJ 2017;189(9):
E341-64.

Su D, Zhou J, Kelley MS, Michaud TL, Siahpush M, Kim J, et al. Does telemedicine
improve treatment outcomes for diabetes? A meta-analysis of results from 55
randomized controlled trials. Diabetes Res Clin Pract 2016;116:136-48.

Lee PA, Greenfield G, Pappas Y. The impact of telehealth remote patient
monitoring on glycemic control in type 2 diabetes: a systematic review and meta-
analysis of systematic reviews of randomised controlled trials. BMC Health Serv
Res 2018;18(1):495.

Polisena J, et al. Home telehealth for diabetes management: a systematic review
and meta-analysis. Diabetes Obes Metab 2009;11(10):913-30.

Wang X, Shu W, Du J, Du M, Wang P, Xue M, et al. Mobile health in the
management of type 1 diabetes: a systematic review and meta-analysis. BMC
Endocr Disord 2019;19(1). https://doi.org/10.1186/512902-019-0347-6.

Eberle C, Stichling S. Clinical Improvements by telemedicine interventions
managing Type 1 and Type 2 diabetes: systematic meta-review. J Med Internet
Res. 2021;23(2):e23244. https://doi.org/10.2196/23244. PMID: 33605889.
Eberle C, Stichling S. Effect of telemetric interventions on glycated hemoglobin
Alc and management of type 2 diabetes mellitus: systematic meta-review. J Med
Internet Res. 2021;23(2):e23252. https://doi.org/10.2196/23252. PMID:
33595447.

Timpel P, Oswald S, Schwarz PEH, Harst L. Mapping the evidence on the
effectiveness of telemedicine interventions in diabetes, dyslipidemia, and
hypertension: an umbrella review of systematic reviews and meta-analyses. J Med
Internet Res. 2020;22(3):e16791. https://doi.org/10.2196/16791. PMID:
32186516; PMCID: PMC7113804.

So CF, Chung JW. Telehealth for diabetes self-management in primary healthcare:
A systematic review and meta-analysis. J Telemed Telecare. 2018;24(5):356-64.
https://doi.org/10.1177/1357633X17700552.

Greenwood DA, Gee PM, Fatkin KJ, Peeples M. A systematic review of reviews
evaluating technology-enabled diabetes self-management education and support.
J Diabetes Sci Technol 2017;11(5):1015-27. https://doi.org/10.1177/
1932296817713506. A review of review articles and meta analyses on use of
technology in diabetes self management education and support.

Jimison H, Gorman P, Woods S, et al. Barriers and drivers of health information
technology use for the elderly, chronically ill, and underserved. Evid Rep Technol
Assess (Full Rep). 2008;175:1-1422.

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[571

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]
[70]

[71]

[72]

[73]

[74]

[75]

[76]

Journal of Clinical & Translational Endocrinology 26 (2021) 100270

Marcolino MS, Maia JX, Alkmim MBM, et al. Telemedicine application in the care
of diabetes patient: systematic review and meta-analysis. PLoS ONE 2013;8.

De Guzman KR, Snoswell CL, Taylor ML, Senanayake B, Haydon HM, Batch JA,
et al. A systematic review of pediatric telediabetes service models. Diabetes
Technol Ther 2020;22(8):623-38.

Lee JY, Lee SWH. Telemedicine cost-effectiveness for diabetes management: a
systematic review. Diabetes Technol Ther 2018;20(7):492-500.

Shi L, Wu H, Dong J, Jiang K, Lu X, Shi J. Telemedicine for detecting diabetic
retinopathy: a systematic review and meta-analysis. Br J Ophthalmol. 2015 Jun;
99(6):823-31. 10.1136/bjophthalmol-2014-305631. Epub 2015 Jan 6. PMID:
25563767; PMCID: PMC4453504.

Galiero R, Pafundi PC, Nevola R, Rinaldi L, Acierno C, Caturano A, et al. The
importance of telemedicine during COVID-19 pandemic: A focus on diabetic
retinopathy. J Diabetes Res. 2020;2020:1-8. https://doi.org/10.1155/2020/
9036847.

Kawaguchi A, Sharafeldin N, Sundaram A, Campbell S, Tennant M, Rudnisky C,
et al. Tele-ophthalmology for age-related macular degeneration and diabetic
retinopathy screening: A systematic review and meta-analysis. Telemed J E
Health 2018;24(4):301-8.

Ullah, W., et al., Cost-effectiveness and diagnostic accuracy of telemedicine in
macular disease and diabetic retinopathy: A systematic review and meta-analysis.
Medicine (Baltimore), 2020. 99(25): p. e20.

Smith-Strgm H, Igland J, @stbye T, Tell GS, Hausken MF, Graue M, et al. The
effect of telemedicine follow-up care on diabetes-related foot ulcers: a cluster
randomized controlled noninferiority trial. Diabetes Care 2018;41(1):96-103.
Nobis S, Lehr D, Ebert DD, Baumeister H, Snoek F, Riper H, et al. Efficacy of a
web-based intervention with mobile phone support in treating depressive
symptoms in adults with type 1 and type 2 diabetes: a randomized controlled
trial. Diabetes Care 2015;38(5):776-83. https://doi.org/10.2337/dc14-1728.
Bakhach M, Reid MW, Pyatak EA, Berget C, Cain C, Thomas J*, et al. Home
telemedicine (CoYoT1 Clinic): A novel approach to improve psychosocial
outcomes in young adults with diabetes. Diabetes Educ. 2019;45(4):420-30.
https://doi.org/10.1177/0145721719858080.

Xu T, Pujara S, Sutton S, et al. Telemedicine in the management of type 1
diabetes. Prev Chronic Dis 2018;15:E13.

Raymond JK, Berget CL Driscoll KA et al. CoYoT1 clinic: innovative telemedicine
care model for young adults with type 1 diabetes. Diabetes Thchnol Ther 2016;18
(1):385-90.

Sim R, Lee SWH. Patient preference and satisfaction with the use of telemedicine
for glycemic control in patients with type 2 diabetes: A review. Patient Prefer
Adherence. 2021;10(15):283-98. https://doi.org/10.2147/PPA.S271449. PMID:
33603347; PMCID: PMC7882448.

Lee JY, Chan CKY, Chua SS, Paraidathathu T, Lee K-C, Tan CSS, et al. Using
telemedicine to support care for people with type 2 diabetes mellitus: a
qualitative analysis of patients’ perspectives. BMJ Open 2019;9(10):€026575.
https://doi.org/10.1136/bmjopen-2018-026575.

Mora P, Buskirk A, Lyden M, Parkin CG, Borsa L, Petersen B. Use of a novel,
remotely connected diabetes management system is associated with increased
treatment satisfaction, reduced diabetes distress, and improved glycemic control
in individuals with insulin-treated diabetes: First results from the personal diab.
Diabetes Technol Ther 2017;19(12):715-22. https://doi.org/10.1089/
dia.2017.0206.

Scott SN, Fontana FY, Ziiger T, Laimer M, Stettler C. Use and perception of
telemedicine in people with type 1 diabetes during the COVID-19 pandemic —
results of a global survey. Endocrinol Diabetes Metab 2021;4(1).

Sood A, Watts SA, Johnson JK, Hirth S, Aron DC. Telemedicine consultation for
patients with diabetes mellitus: a cluster randomised controlled trial. J Telemed
Telecare 2018;24(6):385-91.

Tudiver F, Wolff LT, Morin PC, Teresi J, Palmas W, Starren J, et al. Primary care
providers’ perceptions of home diabetes telemedicine care in the IDEATel project.
J Rural Health. 2007;23(1):55-61. https://doi.org/10.1111/j.1748-
0361.2006.00068.x.

Toledo FG, Triola A, Ruppert K, et al. Telemedicine consultations: an alternative
model to increase access to diabetes specialist care in underserved communities.
JMIR Res Protoc 2012;1(2). https://doi.org/10.2196/resprot.22.35.

Cox NS, Alison JA, Rasekaba T, Holland AE. Telehealth in cystic fibrosis: a
systematic review. J Telemed Telecare 2012;18(2):72-8.

Hebestreit H, Kieser S, Riidiger S, et al. Physical activity is independently related
to aerobic capacity in cystic fibrosis. Eur Respir J 2006;28(4):734-9.
Schneiderman-Walker J, Wilkes DL, Strug L, Lands LC, Pollock SL, Selvadurai HC,
et al. Sex differences in habitual physical activity and lung function decline in
children with cystic fibrosis. J Pediatr 2005;147(3):321-6.

Troosters T, Langer D, Vrijsen B, Segers J, Wouters K, Janssens W, et al. Skeletal
muscle weakness, exercise tolerance and physical activity in adults with cystic
fibrosis. Eur Respir J 2009;33(1):99-106.

Cox NS, Alison JA, Holland AE. Interventions for promoting physical activity in
people with cystic fibrosis. Art. No CD009448 Cochrane Database Syst Rev 2013;
(12). https://doi.org/10.1002/14651858.CD009448.pub2.

Cox NS, Alison JA, Button BM, Wilson JW, Holland AE. Feasibility and
Acceptability of an internet-based program to promote physical activity in adults
with cystic fibrosis. Respiratory care 2015;60(3):422-9.

Chen JJ, Cooper DM, Haddad F, Sladkey A, Nussbaum E, Radom-Aizik S. Tele-
exercise as a promising tool to promote exercise in children with cystic fibrosis.
Front Public Health 2018;6. https://doi.org/10.3389/fpubh.2018.00269.

Ronan P, Mian A, Carr SB et al. Learning to breathe with Tai Chi online-
qualitative data from a randomized controlled feasibility study of patients with


http://refhub.elsevier.com/S2214-6237(21)00022-3/h0120
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0120
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0125
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0125
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0130
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0130
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0135
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0135
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0135
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0140
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0140
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0140
https://doi.org/10.1089/tmj.2016.0045
https://doi.org/10.1089/tmj.2014.9981
https://doi.org/10.1089/tmj.2014.9981
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0155
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0155
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0155
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0160
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0160
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0160
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0160
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0165
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0165
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0165
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0170
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0170
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0170
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0175
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0175
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0175
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0180
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0180
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0180
https://doi.org/10.1136/bmjopen-2018-027158
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0190
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0190
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0190
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0195
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0195
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0195
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0195
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0200
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0200
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0200
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0205
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0205
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0205
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0205
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0210
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0210
https://doi.org/10.1186/s12902-019-0347-6
https://doi.org/10.2196/23244
https://doi.org/10.2196/23252
https://doi.org/10.2196/16791
https://doi.org/10.1177/1357633X17700552
https://doi.org/10.1177/1932296817713506
https://doi.org/10.1177/1932296817713506
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0245
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0245
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0245
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0250
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0250
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0255
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0255
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0255
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0260
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0260
https://doi.org/10.1155/2020/9036847
https://doi.org/10.1155/2020/9036847
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0275
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0275
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0275
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0275
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0285
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0285
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0285
https://doi.org/10.2337/dc14-1728
https://doi.org/10.1177/0145721719858080
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0300
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0300
https://doi.org/10.2147/PPA.S271449
https://doi.org/10.1136/bmjopen-2018-026575
https://doi.org/10.1089/dia.2017.0206
https://doi.org/10.1089/dia.2017.0206
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0325
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0325
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0325
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0330
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0330
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0330
https://doi.org/10.1111/j.1748-0361.2006.00068.x
https://doi.org/10.1111/j.1748-0361.2006.00068.x
https://doi.org/10.2196/resprot.2235
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0345
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0345
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0350
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0350
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0355
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0355
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0355
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0360
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0360
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0360
https://doi.org/10.1002/14651858.CD009448.pub2
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0370
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0370
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0370
https://doi.org/10.3389/fpubh.2018.00269

M.E. Desimone et al.

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]
[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

cystic fibrosis. European Journal of Integrative Medicine 2020; 40: E pub ahead of
print. PMID 33106755.

Tomlinson, OW, Shelley, J, Trott, J, Bowhay, B, Chauhan, R and Sheldon, CD
(2019) The feasibility of online video calling to engage patients with cystic
fibrosis in exercise training. Journal of Telemedicine and Telecare. ISSN 1758-
11009.

Simmich J, Deacon AJ, Russel TG. Active video games for rehabilitation in
respiratory conditions: systematic review and meta-analysis. JMIR Serious Games
2019;7(1):€10116) doi: 10.2196/10116.

Benz C, Middleton A Elliott et al. Physiotherapy via telehealth for acute
respiratory exacerbations in paediatric cystic fibrosis. J Telemed Telecare. 2021
Mar 16:1357633X21998205. 10.1177/1357633X21998205. Online ahead of
print.PMID: 33726605.

Abbott J, Havermans T, Jarvholm S, Landau E, Prins Y, Smrekar U, et al. Mental
health screening in cystic fibrosis centres across Europe. J Cyst Fibros 2019;18(2):
299-303.

Quittner AL, Goldbeck L, Abbott J, Duff A, Lambrecht P, Solé A, et al. Prevalence
of depression and anxiety in patients with cystic fibrosis and parent caregivers:
results of The International Depression Epidemiological Study across nine
countries. Thorax 2014;69(12):1090-7.

Cummings E, Hauser J, Cameron-Tucker H et al. Enhancing self-efficacy for self-
management in people with cystic fibrosis. Europ Federation for Medical
Informatics 2011, DOI10.3233/978-1-60750-806-9-33.

O’Hayer CV, O’Loughlin CM, Nurse CN, Smith PJ, Stephen MJ. ACT with CF: A
telehealth and in-person feasibility study to address anxiety and depressive
symptoms among people with cystic fibrosis. J Cyst Fibros 2021;20(1):133-9.
Goldbeck L, Fidika A, Herle M, Quittner AL. Psychological interventions for
individuals with cystic fibrosis and their families. Art. No. CD003148 Cochrane
Database System Rev 2014;(6). https://doi.org/10.1002/14651858.CD003148.
pub3.

Thabrew H, Stasiak K, Hetrick SE, et al. E-Health interventions for anxiety and
depression in children and adolescents with long-term physical conditions.
Cochrane Database of Systematic Reviews 2018, Issue 8. Art. No.: CD012489.
DOI: 10.1002/14651858.CD012489.pub2.

Wood J, Mulrennan S, Hill K et al. Telehealth clinics increase access to care for
adults with cystic fibrosis living in rural and remote Western Australia. Journal of
Telemedicine and Telecare 2017, Vol. 23(7) 673-679.

Bhatt JM. Treatment of pulmonary exacerbations in cystic fibrosis. Eur Respir Rev
2013;22(129):205-16.

Lowton K, Ballard KD. Adult cystic fibrosis patients’ experiences of primary care
consultations: a qualitative study. Br J Gen Pract 2006;56:518-25.

Gur M, Nir V, Teleshov A, Bar-Yoseph R, Manor E, Diab G, et al. The use of
telehealth (text messaging and video communications) in patients with cystic
fibrosis: A pilot study. J Telemed Telecare 2017;23(4):489-93.

Wood J, Jenkins S, Putrino D, et al. A smartphone application for reporting
symptoms in adults with cystic fibrosis improves the detection of exacerbations:
Results of a randomized controlled trial. J Cyst Fibros 2020;19:271-6.

Balzano J, Fresenius A, Walker P, Berdella M, Portenoy RK, Bookbinder M, et al.
Web-based symptom screening in cystic fibrosis patients: A feasibility study.

J Cyst Fibros 2016;15(1):102-8.

Dhingra L, Walker P, Berdella M, Plachta A, Chen J, Fresenius A, et al. Addressing
the burden of illness in adults with cystic fibrosis with screening and triage: An
early intervention model of palliative care. J Cyst Fibros 2020;19(2):262-70.
Horne R, Weinmann J, Barber N, Elliot R, Morgan M. Concordance, adherence
and compliance in medicine taking: A conceptual map and research priorities.
National Co-ordinating Centre for NHS Service Delivery and Organisational R & D
(NCCSDO), 2005; 131.

van Dulmen S, Sluijs E, van Dijk L, de Ridder D, Heerdink R, Bensing J. Patient
adherence to medical treatment: a review of reviews. BMC Health Serv Res 2007;
7:55.

Sawicki GS, Sellers DE, Robinson WM. High treatment burden in adults with
cystic fibrosis: challenges to disease self-management. J Cyst Fibros 2009;8(2):
91-6.

Quittner AL, Zhang J, Marynchenko M, et al. Pulmonary medication adherence
and healthcare utilization in cystic fibrosis. Chest 2014.

Morton RW, Elphick HE, Edwards E, et al. Investigating the feasibility of text
message reminders to improve adherence to nebulized medication in children and
adolescents with cystic fibrosis. Patient Preference Adherence 2017;11:861-9.
Rudolf I, Pieper K, Nolte H, Junge S, Dopfer C, Sauer-Heilborn A, et al.
Assessment of a Mobile App by Adolescents and Young Adults With Cystic

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]
[116]
[117]
[118]

[119]

[120]

[121]

Journal of Clinical & Translational Endocrinology 26 (2021) 100270

Fibrosis: Pilot Evaluation. JMIR Mhealth Uhealth 2019;7(11):e12442. https://
doi.org/10.2196,/12442.

Shakkottai A, Kaciroti N, Kasmikha L, Nasr SZ. Impact of home spirometry on
medication adherence among adolescents with cystic fibrosis. Pediatr Pulmonol
2018;53(4):431-6.

Lechtzin N, Mayer-Hamblett N, West NE, et al. Home monitoring of patients with
cystic fibrosis to identify and treate acute pulmonary exacerbations eICE Study
Results. Am J Respir Crit Care Med 2017;196(9):1144-51.

Drabble SJ, O’Cathain A, Scott AJ, Arden MA, Keating S, Hutchings M, et al.
Mechanisms of action of a web-based intervention with health professional
support to increase adherence to nebulizer treatments in adults with cystic
fibrosis: qualitative interview study. J Med Internet Res 2020;22(10):e16782.
https://doi.org/10.2196/16782.

Raza T, Joshi M, Schapira R, Agha Z. Pulmonary telemedicine — a model to access
the subspecialist services in underserved rural areas. Int J Med Inform 2009;78
(1):53-9.

Tagliente I, Trieste L, Solvoll T, et al. Telemonitorinig in cystic fibrosis: a 4-year
assessment and simulation for the next 6 years. Interactive Journal of Medical
Research 2016;5(2):1-10.

Shanthikumar S, Moore E, Corda J, et al. Patient and family perspectives
regarding the use of telehealth for cystic fibrosis care. Pediatr Pulmonol 2021:
1-2.

Grzincich G, Gagliardini R, Bossi A, Bella S, Cimino G, Cirilli N, et al. Evaluation
of a home telemonitoring service for adult patients with cystic fibrosis: a pilot
study. J Telemed Telecare 2010;16(7):359-62.

Perkins RC, Davis J, NeSmith A et al. Favorable clinical acceptability of telehealth
as part of the cystic fibrosis care model during the COVID-19 pandemic. Ann Am
Thorac Soc. 2021 Feb 26. 10.1513/AnnalsATS.202012-1484RL. Online ahead of
print.

Compton M, Soper M, Reilly B, Gettle L, List R, Bailey M, et al. A feasibility study
of urgent implementation of cystic fibrosis multidisciplinary telemedicine clinic
in the face of COVID-19 pandemic: single-center experience. Telemedicine and e-
Health 2020;26(8):978-84.

List R, Compton M, Soper R, et al. Preserving multidisciplinary care model and
patient safety during reopening of ambulator cystic fibrosis clinic for nonurgent
care: a hybrid telehealth model. Telemed e-health 2021;27(2):193-9.

Womack C, Farsin R, Farsad M, et al. Emerging alternatives to conventional clinic
visits in the era of COVID-19: adoption of telehealth at VCU adult cystic fibrosis
center. Internat J Gener Med 2020;13:1175-86.

Ozsenzen B, Emiralioglu N, Tural D et al. Telephone surveillance during 2019
novel coronavirus disease: is it a helpful diagnostic tool for detecting acute
pulmonary exacerbations in children with chronic lung disease? Journal of
telemedicine and telecare 2020. Online ahead of print. PMID: 33183128.
Horrell LN, Hayes S, Herbert LB et al. Telemedicine use and health-related
concerns of patients with chronic conditions during COVID-19: Survey of
members of online health communities. J Med Internet Res 2021;23(2): e23795.
Published online ahead of print. PMID 33539307.

Guan W, Ni Z, Hu Y, et al. Clinical characteristics of coronavirus disease 2019 in
China. N Engl J Med 2020;382:1708-20. https://doi.org/10.1056/
NEJMo0a2002032.

Viviani L, Assael B, Kerem E. Impact of the A (HIN1) pandemic influenza (season
2009-2010) on patients with cystic fibrosis. J Cyst Fibros 2011;10:370-6. https://
doi.org/10.1016/j.jcf.2011.06.004.

Hasan S, Lansang MC, Salman Khan M et al. Managing cystic fibrosis related
diabetes via telehealth during COVID 19 pandemic. Journal of Clinical and
Translational Endocrinology 2021. Online ahead of print. PMID: 33723506.
Cystic Fibrosis Foundation National Registry Data; Weekly COVID-19 Update.
Retrieved July 1, 2021 from my.cff.org.

Granados A, Chan CL, Ode KL, et al. Cystic Fibrosis related diabetes:
Pathophysiology, screening and diagnosis. J Cystic Fibrosis 2019;18:53-9.
Waters V, Ratjen F. Pulmonary exacerbations in children with cystic fibrosis. Ann
Am Thorac Soc 2015;12(suppl 2):5200-6.

Jarad NA, Sund ZM. Telemonitoring in chronic obstructive airway disease and
adult patients with cystic fibrosis. J Telemed Telecare 2011;17:127-32.
Sarfaraz S, Sund Z, Jarad N. Real-time, once-daily monitoring of symptoms and
FEV in cystic fibrosis patients — a feasibility study using a novel device. Clin
Respir J 2010;4:74-82.

Stanbrook MB, Corey M, Tullis DE. The repeatability of forced expiratory volume
measurements in adults with cystic fibrosis. Chest 2004;125:150-5.

Bell SC, De Boeck K, Amaral MD. New pharmacological approaches for cystic
fibrosis: promises, progress, pitfalls. Pharmacol Ther 2015;145:19-34.


http://refhub.elsevier.com/S2214-6237(21)00022-3/h0400
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0400
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0400
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0405
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0405
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0405
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0405
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0415
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0415
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0415
https://doi.org/10.1002/14651858.CD003148.pub3
https://doi.org/10.1002/14651858.CD003148.pub3
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0435
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0435
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0440
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0440
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0445
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0445
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0445
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0450
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0450
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0450
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0455
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0455
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0455
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0460
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0460
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0460
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0470
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0470
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0470
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0475
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0475
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0475
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0480
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0480
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0485
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0485
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0485
https://doi.org/10.2196/12442
https://doi.org/10.2196/12442
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0495
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0495
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0495
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0500
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0500
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0500
https://doi.org/10.2196/16782
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0510
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0510
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0510
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0515
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0515
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0515
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0520
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0520
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0520
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0525
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0525
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0525
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0535
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0535
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0535
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0535
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0540
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0540
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0540
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0545
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0545
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0545
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1016/j.jcf.2011.06.004
https://doi.org/10.1016/j.jcf.2011.06.004
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0580
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0580
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0585
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0585
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0590
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0590
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0595
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0595
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0595
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0600
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0600
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0605
http://refhub.elsevier.com/S2214-6237(21)00022-3/h0605

	Telemedicine in cystic fibrosis
	Introduction
	Telemedicine in general
	Telehealth logistics and practical considerations
	Barriers to Telehealth
	Outcomes and economics of Telehealth
	General cost effectiveness
	General patient and provider perspectives

	Overview of telehealth for the management of diabetes
	Cystic fibrosis and telemedicine
	Exercise interventions
	Psychological interventions
	Improved care access
	Improved communication
	Improved medication adherence
	Cost savings
	Patient and provider perspectives
	COVID-19 considerations in CF
	CF specific concerns
	Conclusion

	Funding
	CRediT authorship contribution statement

	Declaration of Competing Interest
	References


