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Abstract
Use of digital health technologies (DHT) in chronic disease management is rising. We aim to evaluate the impact of DHT on 
clinical outcomes from randomized controlled trials (RCTs) of patients with heart failure (HF) and diabetes mellitus (DM). 
Electronic databases were searched for DHT RCTs in patients with HF and DM until February 2021. Patient characteristics 
and outcomes were analyzed. One published (N = 519) and 6 registered (N = 3423) eligible studies were identified, with one 
study exclusively including HF and DM patients. Median DHT monitoring was 12 months, with six studies using mobile 
platforms as their key exposure. Clinical outcomes included quality-of-life or self-care surveys (n = 1 each), physical activity 
metrics, changes in biomarkers, and other clinical endpoints (n = 3). Limited data exist on RCTs evaluating DHT in patients 
with concomitant HF and DM. Further work should define standardized clinical endpoints and platforms that can manage 
patients with multiple comorbidities.
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Introduction

Heart failure (HF) and diabetes mellitus (DM) account for 
substantial morbidity and mortality worldwide, with over 
500,000 and 2.3 million afflicted with HF and DM in Canada 
alone, corresponding, respectively, to an annual incidence 
of over 50,000 and 200,000 [1, 2]. Moreover, these chronic 
illnesses can occur and modulate each other: among dia-
betic adults (> 64 years), the prevalence of HF is reported to 
be 22% [3, 4]. Historically, many advances in medical and/

http://orcid.org/0000-0001-9968-9618
http://crossmark.crossref.org/dialog/?doi=10.1007/s12265-022-10273-6&domain=pdf


 Journal of Cardiovascular Translational Research

1 3

or device therapies for HF and DM care have focused on 
improving mortality or major adverse cardiovascular events 
[5–7]. In fact, the negative impact of certain anti-diabetic 
therapies on cardiovascular health prompted the require-
ment for cardiovascular outcomes trials to be undertaken 
for regulatory approval [8]. Similarly in HF, poor adherence, 
adverse clinical outcomes, and readmission burden suggest 
the need for robust evaluation in this population [9]. It is 
therefore crucial to consider interventions to improve the 
multidimensional aspects of patient health and quality-of-
life (QoL) metrics.

The growth of digital health technologies (DHT) has 
been accelerated by the coronavirus pandemic, transform-
ing the delivery of medical care along with highlighting the 
positive impact and need for persistent advancement in this 
field. DHT consist of the use of information and communi-
cation technologies (e.g., wearables, mobile applications, 
telehealth, and text messaging platforms) to support health 
and play an emerging role in managing patients with chronic 
diseases [10, 11]. However, some barriers to the use of DHT 
include lack of access, financial burden, loss of patient 
follow-ups or medication adherence, device failure, and 
end-point validity [11]. DHT in clinical studies has become 
more prevalent in evaluating different aspects of care and 
evaluation of patient-related outcomes in their normal daily 
routines. Despite the high prevalence of multiple chronic 
diseases or multimorbidity, most DHT platforms focus on 
managing a single disease [12]. In fact, the prevalence and 
effectiveness of DHT use among patients with HF and DM is 
unknown. Therefore, in patients with HF and DM, we sought 
to investigate the impact of DHTs on clinical disease vari-
ables such as QoL, medication adherence, health behaviors, 
and clinical biomarkers.

Methods

Sources, Study Selection, Risk of Bias, and Data 
Extraction

We conducted a systematic search of relevant databases 
(Ovid MEDLINE®, Embase, Cochrane Central Register 
and Clinical Trials.Org) from 1946 to February 2021 incor-
porating Medical Subject Headings or “MeSH” terms and 
integrated validated search filters [13]. Appendix 1 provides 
the search strategies and search terms applied to the database 
evaluations [14]. Additional randomized controlled trials 
(RCTs) were manually identified by reviewing individual 
citations and ClinicalTrails.gov. Identified studies underwent 
title and abstract (C.G. and V.K.R.) and full-text (D.K., C.G., 
L.B., and V.K.R.) screening for study inclusion by at least 
two independent reviewers. All English RCTs reporting on 
the use of DHT in adult patients (≥ 18 years) with HF and 

DM were included, with the intent that this could potentially 
identify the highest level of evidence and between study 
standardization. We excluded duplicate studies, abstracts, 
non-randomized studies, case series with ≤ 5 cases, and/or 
non-human studies. Studies were managed using the Covi-
dence systematic review software (Veritas Health Innova-
tion, Melbourne, Australia). Studies were categorized into 
two groups based on RCT status: published or “registered” 
(i.e., active but unpublished or planned) RCTs. The risk of 
bias (RoB) of complete RCTs were assessed by two inde-
pendent reviewers (D.K and N.S.) using the Cochrane Col-
laboration’s Tool for Assessing Risk of Bias 2 (RoB2, ver-
sion 9, August 2019) [15]. The risk of bias for studies was 
assessed based on five RoB domains and can be given a bias 
score of “low,” “some concerns,” or “high.” Any discrepan-
cies related to study inclusion and risk of bias or certainty 
of evidence assessments were resolved by consensus or by 
a third reviewer where required. Study design, inclusion cri-
teria, patient characteristics, DHT utilized, and clinical out-
comes were extracted and assessed where applicable. Sex, 
age, type of DHT utilized, and efficacy of DHT intervention 
were sought.

Results

Our search strategy identified 1,913 unique records after 
removal of citations that did not adhere to our inclusion cri-
teria and duplicate records (Fig. 1). After title and abstract 
screening, 26 underwent full-text review and 7 were included 
in the qualitative synthesis. Of these, one was a published 
RCT, and 6 were “registered” RCTs. Clinical results of each 
published and registered trial are reported in Tables 1 and 
2, respectively.

Outcome Measures in HF and DM DHT Trials

Focus on Published DHT RCT 

The published RCTs in patients with both HF and DM exclu-
sively utilizing a DHT tool were limited to the Renewing 
Health Project. In this study, the aim was to assess whether 
a one-year structured telephone-based health coaching pro-
gram supported by a self-managed remote monitoring sys-
tem improved QoL and reduced HbA1c over time among 
patients with type II DM and heart disease (inclusive of HF) 
versus standard quality of care. Participants in the interven-
tion group received a mobile phone with a personal health 
record (PHR) app, and a set of medical devices linked the 
patient’s PHR account via Bluetooth. In addition, patients 
in the intervention group were also assigned a health coach 
who called them every 4–6 weeks to evaluate health behav-
iors and recommend a behavior management plan according 
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to a structured training program (“Pfizer’s health coaching 
model”). Health-related QoL was assessed via the SF-36 
health survey. A total of 519 participants with an age of 
18 years or older were recruited and consisted of predomi-
nantly males (n = 317/519, 61%). The mean age of patients 
did not differ between intervention (68.1 years) and the con-
trol group (66.9 years) nor between diabetic (66.1 years) or 
heart disease (68.1 years) patients. Although patients consist-
ently received health coaching calls throughout the study and 
the majority of the patients (91.6% in heart disease group and 
95% in diabetes group) adhered to the home telemonitoring 
plan, the study found no benefit in their study intervention. 
This one-year program did not improve QoL or the clinical 
condition in comparison to patients with standard of care. 
Nonetheless, beneficial trends in blood pressure (BP) and 
cholesterol levels for all patients was reported with more 
improvements in clinical variables (weight, waist circum-
ference, BP, and LDL-cholesterol) being more apparent in 
the type II DM patient group (weight change =  − 0.9; sys-
tolic BP change =  − 6.1; diastolic BP change =  − 2.61; LDL 
change =  − 0.40) than in the heart disease patient group 
(weight change = 0.04, systolic BP change =  − 5.43, diastolic 
BP change =  − 0.27; LDL change =  − 0.34) [17].

The overall risk of bias was considered “high risk” 
when assessed with the Cochrane RoB tool (Fig.  2). 
The measurements of the secondary outcomes (BP, 
weight, activity) were self-reported by participants in the 

intervention group using remote monitoring tools resulting 
in more evidence to support a high-risk bias.

Focus on Registered DHT RCTs

ClinicalTrials.gov identified another 6 “registered” RCTs 
utilizing DHT in patients with HF and DM along varying 
time horizons (Table 2). Together, these trials aim to recruit 
a total of 3,423 participants, with a median recruitment of 
423 participants per study. Of these, 5 studies plan to recruit 
patients ≥ 18 years of age with no further characterization 
or categorization based on age groups (young adults versus 
older adults). All studies are to be based out of developed 
countries: 3 North American (Canada and USA [n = 2]) sites 
and 3 European (Germany, Sweden, Denmark). The specific-
ity of the inclusion criteria for patient groups differed among 
these studies: some were restricted to only patients with HF 
and DM (“Target HF-DM”, NCT02918175), whereas others 
included patients also diagnosed with other chronic diseases 
such as ischemic heart disease and obstructive pulmonary 
disease. One study (“MODEL,” NCT02957513) aimed to 
recruit African American patients in underserved commu-
nities, while others did not restrict inclusion criteria to a 
specific ethnic cohort.

Most studies (n = 5 of 6) used telemedicine/mobile platforms 
as their key exposure: mobile applications were used in 3 stud-
ies, personalized text messaging in 2, and telemedicine in 2. One 

Fig. 1  Study Selection PRISMA 
flow diagram. The electronic 
database search identified 
1,939 eligible studies for title 
and abstract screening after 
removing 749 duplicate studies 
from 2,688 initially identified 
studies. Of these, 1,913 studies 
were excluded, and 26 studies 
underwent further full-text 
review. Of these, 7 studies met 
the inclusion criteria
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study (“Empire HF”, NCT03198585) had a drug intervention 
with Empagliflozin and an associated sub-study that utilized an 
accelerometer to categorize patients into those who had either 
on average a high or low physical activity level [16]. The average 
duration for monitoring will be 9 months (range 3 to 12 months) 
among all studies. The primary exposures for the studies are 
aimed to assess aspects of QoL or self-care surveys (n = 1 each), 
physical activity (n = 3), and change in serum biomarkers (n = 2, 
HbA1c and NT-proBNP levels) and clinical endpoints such as 
weight and BP (n = 2).

Discussion

HF and DM are two chronic diseases that can modulate each 
other. Patients with HF are at increased risk of DM, and vice-
versa, patients with DM are at higher risk of developing HF 
[4]. Despite the large incidence of patients with both diseases, a 
uniform approach to disease management in this population via 
digital health tools is absent. Among the studies that received 
full-text review but were excluded, the majority focused on DHT 
in patients with either DM or HF alone. As a result, this scoping 
review identified only one published RCT integrating DHTs in 
patients with both HF and DM, as well as 6 “registered” RCTs 
that were ongoing. Overall, there was a limited number of studies 
assessing DHTs exclusively in HF and DM patients. Therefore, 6 
of 7 studies included in this review had patients with DM and > 1 
cardiovascular comorbidity (but inclusive of HF) in their study 
population (Tables 1 and 2). In addition, we report significant 
heterogeneity among these studies with regard to the type of 
DHT utilized, study design, endpoint evaluations, and clinical 
outcomes (Fig. 3).

The lack of standardization among studies has potential impli-
cations when interpreting, managing, and generalizing study 
results. For instance, inclusion criteria in some studies were spe-
cific but relatively broad in others, which can lead to challenges 
in generalizing the results. The lack of a defined diagnosis in the 
inclusion criteria may also lead to varying outcomes as disease 
severity may not be controlled in a study. Among the registered 
RCTs (Table 2), half (3 of 6) defined the clinical conditions 
required for a diagnosis of either HF or DM. In addition, the 
methodology used to evaluate an outcome differed among the 
studies despite some studies having similar primary outcomes. 
For instance, accelerometers, exercise training, and health apps 
all assessed aspects of physical activity with no clear indication 
of why each device/intervention was utilized. Moreover, differ-
ent questionnaires were used to assess QoL (e.g., the “KCCQ” 
or Kansas City Cardiomyopathy Questionnaire, “EQ-5D-5L” or 
EuroQoL Health Questionnaire, versus “SF-36” or Short Form 
36 Health Survey Questionnaire). Many of the studies included 
in this review had multiple interventions. The implementation of 
more than one intervention (telemedicine supported by an app 
and linked to electronic medical devices; trial NCT01478672) 

may lead to potential difficulty when determining which inter-
vention contributes to the efficacy of the study outcomes. Overall, 
standardization of methods across DHT studies will improve the 
interpretation of outcomes and the ability to adopt digital health 
interventions into clinical care of patients with HF and DM [18].

The COVID-19 pandemic has expedited the use of DHT and 
yet has also highlighted the disparities that exist in medical care 
such as access to digital health devices. Socioeconomic status, 
education, sex and gender, and race and ethnicity are important 
baseline characteristics to consider in larger cohort studies of HF 
and DM patients given the lack of access to DHT that may exist 
in remote and underprivileged communities. The “Management 
of Diabetes in Everyday Life” (MODEL) study was the one 
study in our review that limited their population to a minor-
ity group (i.e., African Americans) to assess self-care activi-
ties associated to their diagnosis. In the same way, this study 
design enabled the assessment of a digital health intervention 
on a minority group, leveraging digital health tools to assess 
subgroups of patients or even phenotypic profiles of HF and DM 
which can be immensely beneficial and impactful in optimizing 
the clinical care for these chronic diseases.

DHTs have shown to be an effective tool in managing 
chronic diseases and possess great utility if adopted uni-
formly [19]. Future studies need to evaluate or introduce new 
DHT platforms that are capable of simultaneously evaluating 
patients with multiple chronic diseases. This will particularly 
be beneficial for DM and HF patients given that both these 
chronic diseases often coexist together. The ability to con-
solidate care using a single DHT platform may improve the 
QoL of patients while integrating a proactive model for patient 
involvement. For example, AliveCor is a portable heart moni-
tor device capable of performing an electrocardiogram using 
2 fingers to help detect atrial arrhythmias. While the published 
AliveCor device study (not included in this scoping review) 
did not focus on the incidence of atrial arrhythmias in only 
HF and DM patients, this could be an interesting future study 
given the validation of this tool over many published studies 
and the relative propensity of atrial fibrillation in patients with 
these comorbid conditions [20].

Consensus of which clinical endpoints should be assessed 
via DHT tools for patients with both HF and DM has yet to 
be determined. The design of studies can lend themselves to 
address endpoints such as HF severity or glycemic control. 
This is particularly important given the impact of certain 
medications on both endpoints in patients with or without 
HF and DM [4]: for instance, sodium glucose co-transporter 
2 inhibitors (SGLT2i) have been implicated in modulating 
the recovery of left ventricular ejection fraction and reduc-
ing HF readmissions in patients with HF and in improving 
glycemic control in patients with DM. The safety and effi-
cacy of medications, such as SGLT2 inhibitors, should be 
investigated in large cohort studies and possibly in clinical 
trials in the future. Telemonitoring can be used to encourage 
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engagement with self-management (e.g., daily weights, med-
ication adherence, clinical visit follow-ups), improve access 
to care for remote patients, and help coordinate care which 
may result in better QoL for patients. In addition, this can 
facilitate timely clinical visits in accordance with patient 
needs and disease severity while reducing the burden on 
healthcare systems. For this reason, leveraging DHT tools 
to help assess patients with concomitant DM and HF should 
be prioritized. Lastly, the ongoing studies in this space also 
provide the opportunity for researchers to consider subgroup 
analyses of patients that have both DM and HF.

Limitations

The limited number of studies identified in this scoping may 
be attributed to the rigor of our search strategy. We were 
strictly concentrated on studies evaluating DHT in patients 
with concomitant HF and DM, rather than focusing on global 

cardiovascular disease and/or risk factors. As such, we were not 
able to conduct a systematic review which may have encom-
passed more homogeneity in the field and consideration to sex 
and gender and race or ethnicity-based analyses. In addition, 
we restricted our search strategy to RCTs that were published in 
English. Although this enabled us to review robust standardized 
studies with the highest level of reported evidence, hypothesis-
generating studies, and other published work in this field, some 
studies may have been overlooked. Majority of studies identi-
fied were registered RCTs (yet to be published), and therefore, 
future analysis of these studies’ data and outcomes are warranted 
particularly for the HF and DM patient sub-groups. Lastly, we 
did not register our study protocol in PROSPERO since formal 
screening was initiated before consideration of protocol regis-
tration. This however provides opportunity for future extensive 
reviews in this space once ongoing studies are completed and 
published. The limited number of published studies in this space, 
however, precluded a meta-analysis of currently published data.

D1 Randomisation process

D2 Deviations from the intended interventions

D3 Missing outcome data

D4 Measurement of the outcome

D5 Selection of the reported result

Fig. 2  Randomized clinical trial risk of bias Cochrane risk assessment summary plot. The overall risk of bias for the Renewing Health Project 
study is assessed as high

Fig. 3  Scope of digital health technologies in heart failure and diabetes mellitus. A summary of the digital health technologies (eHealth), pri-
mary outcomes, and findings and limitations of the identified randomized controlled trials
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Conclusion

Digital health technologies offer a novel way to evaluate patient-
centered outcomes and are particularly useful for chronic dis-
eases that modulate each other, such as HF and DM. Given 
the limited number of studies that include both HF and DM 
populations, and the significant heterogeneity in existent DHT-
based studies, further work should define standardized DHT 
endpoints and explore the utility, access, and cost-effectiveness 
in patients with chronic medical conditions.

Appendix 1

Search Strategy for Digital Health Technology Use in 
Patients with Heart Failure and Diabetes Mellitus

first Ovid MEDLINE, then EMBASE, then Clinicaltrials.
gov, and finally Cochrane Central Register of Controlled 
Trials® ALL 1946 to February 01, 2021

Searches

1 exp Accelerometry/ or Actigra-
phy/ or exp Fitness Trackers/ 
or (actigraph* or acceleromet* 
or actimet* or fitness tracker* 
or activity tracker*).tw,kw. or 
((digital health or digital lifestyle 
or mobile health or mHealth or 
m-health) adj4 (technolog* or 
intervention* or app or apps or 
application*)).tw,kf

2 (((activ* or fitness) adj (moni-
tor or monitors or tracker*)) 
or ((wearable or implant*) adj 
device* adj6 (activity or fitness 
or movement or steps or walking 
or walk)) or actical or activin-
sights or activpal or actiwatch or 
aw-64 or Basis Health Tracker 
or BodyMedia Fit or DirectLife 
or DynaPort MiniMod or emfit 
or fitbit* or Garmin Vivofit or 
geneactiv or GT1m or hexoskin 
or Jawbone UP or kinesia or 
(MisFit adj (Shine or Ray or 
Vapor)) or motionlogger sleep 
watch* or Nike FuelBand or 
phillips-respironics mini-mitter 
or Polar Loop or tremerometer 
or Withings Pulse).tw,kf

Searches

3 (exp Cell Phone/ or Smartphone/ 
or exp Mobile Applications/ or 
(cell phone* or smartphone* or 
mobile phone* or mobile app*).
tw,kf.) and (health or fitness or 
exercise or activity or movement 
or steps or walk or walking).
tw,kf

4 or/1–3
5 exp Heart Failure/
6 (((heart or ventric* or cardiac) 

adj2 (fail* or decompensat*)) or 
CHF).tw,kf

7 (HFpEF or diastolic failure or pre-
served ejection fraction).tw,kf

8 (HFrEF or systolic failure or 
((reduced or depressed) adj2 
ejection fraction)).tw,kf

9 exp Diabetes Mellitus/
10 (Type 1 diabetes or T1DM or T1D 

or IDDM).tw,kf
11 (Type 2 diabetes or T2DM or T2D 

or NIDDM).tw,kf.11diabetes).
tw,kf

12 (gestational diabetes or pregnancy
13 or/5–12
14 4 and 13
15 14 and (randomly or randomized 

or randomised or RCT or RCTs).
tw,kf

16 limit 15 to english language
17 limit 14 to (english language and 

randomized controlled trial)
18 16 or 17
19 (exp Animals/ or exp Models, 

animal/ or exp Disease models, 
animal/) not exp Humans/

20 ((animal or animals or cat or cats 
or feline* or cow or cows or cat-
tle or bovine or dog or dogs or 
canine* or hamster* or lamb or 
lambs or monkey* or primate* 
or simian or mice or mouse or 
murine or pig or pigs or piglet* 
or porcine or rabbit* or leporine 
or rat or rats or rodent* or 
sheep* or ovine or veterinar*) 
not (human* or patient*)).
ti,kf,jw

21 19 or 20
22 18 not 21
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ClinicalTrials.gov Search Strategy

Searches

1 “digital health” OR “mobile 
health” OR mHealth OR 
“mobile applications” OR 
accelerometry OR accelerometer 
OR actigraphy OR actimeter OR 
actimetry OR “fitness tracker” 
OR “activity monitor” OR 
smartphone OR “cell phone” 
OR "mobile phone"

AND
“Heart Failure” OR diabetes 

OR HFpEF OR HFrEF OR 
“diastolic failure” OR “systolic 
failure” OR “preserved ejection 
fraction” OR “cardiac decom-
pensation”

Embase 1974 to 2021 February 01

Searches

1 exp accelerometry/ or actim-
etry/ or exp activity tracker/ or 
(actigraph* or acceleromet* 
or actimet* or fitness tracker* 
or activity tracker*).tw,kw. or 
((digital health or digital lifestyle 
or mobile health or mHealth or 
m-health) adj4 (technolog* or 
intervention* or app or apps or 
application*)).tw,kw

2 (((activ* or fitness) adj (moni-
tor or monitors or tracker*)) 
or ((wearable or implant*) adj 
device* adj6 (activity or fitness 
or movement or steps or walking 
or walk)) or actical or activin-
sights or activpal or actiwatch or 
aw-64 or Basis Health Tracker 
or BodyMedia Fit or DirectLife 
or DynaPort MiniMod or emfit 
or fitbit* or Garmin Vivofit or 
geneactiv or GT1m or hexoskin 
or Jawbone UP or kinesia or 
(MisFit adj (Shine or Ray or 
Vapor)) or motionlogger sleep 
watch* or Nike FuelBand or 
phillips-respironics mini-mitter 
or Polar Loop or tremerometer 
or Withings Pulse).tw,kw

3 (exp mobile phone/ or exp mobile 
application/ or (cell phone* or 
smartphone* or mobile phone* 
or mobile app*).tw,kw.) and 
(health or fitness or exercise or 
activity or movement or steps or 
walk or walking).tw,kw

4 or/1–3

Searches

5 exp heart failure/
6 (((heart or ventric* or cardiac) 

adj2 (fail* or decompensat*)) or 
CHF).tw,kw

7 (HFpEF or diastolic failure or pre-
served ejection fraction).tw,kw

8 (HFrEF or systolic failure or 
((reduced or depressed) adj2 
ejection fraction)).tw,kw

9 exp diabetes mellitus/
10 (Type 1 diabetes or T1DM or T1D 

or IDDM).tw,kw
11 (Type 2 diabetes or T2DM or T2D 

or NIDDM).tw,kw
12 (gestational diabetes or pregnancy 

diabetes).tw,kw
13 or/5–12
14 4 and 13
15 14 and (randomly or randomized 

or randomised or RCT or RCTs).
tw,kw

16 limit 15 to english language
17 limit 14 to (english language and 

randomized controlled trial)
18 16 or 17
19 (exp animal/ or exp animal model/ 

or animal disease model*.
tw,kw.) not exp human/

20 ((animal or animals or cat or cats 
or feline* or cow or cows or cat-
tle or bovine or dog or dogs or 
canine* or hamster* or lamb or 
lambs or monkey* or primate* 
or simian or mice or mouse or 
murine or pig or pigs or piglet* 
or porcine or rabbit* or leporine 
or rat or rats or rodent* or 
sheep* or ovine or veterinar*) 
not (human* or patient*)).
ti,kw,jw

21 19 or 20
22 18 not 21
23 conference abstract.pt
24 22 not 23

Cochrane Central Register of Controlled Trials
Issue 2 of 12, February 2021

Searches

1 MeSH descriptor: [Accelerom-
etry] explode all trees

2 MeSH descriptor: [Actigraphy] 
this term only

3 MeSH descriptor: [Fitness Track-
ers] explode all trees
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Searches

4 (actigraph* or acceleromet* or 
actimet* or fitness tracker* or 
activity tracker* OR (“digital 
health” or “digital lifestyle” or 
“mobile health” or mHealth or 
m-health) NEAR/4 (technolog* 
or intervention* or app or apps 
or application*)):ti,ab,kw

5 (((activ* or fitness) NEXT (moni-
tor or monitors or tracker*)) or 
((wearable or implant*) NEXT 
device* NEAR/6 (activity or 
fitness or movement or steps 
or walking or walk)) or actical 
or activinsights or activpal or 
actiwatch or aw-64 or “Basis 
Health Tracker” or “BodyMedia 
Fit” or DirectLife or “DynaPort 
MiniMod” or emfit or fitbit* or 
“Garmin Vivofit” or geneactiv or 
GT1m or hexoskin or “Jawbone 
UP” or kinesia or (MisFit NEXT 
(Shine or Ray or Vapor)) or 
motionlogger sleep watch* or 
“Nike FuelBand” or “Phillips-
respironics mini-mitter” or 
“Polar Loop” or tremerometer or 
“Withings Pulse”):ti,ab,kw

6 MeSH descriptor: [Cell Phone] 
explode all trees

7 MeSH descriptor: [Smartphone] 
this term only

8 MeSH descriptor: [Mobile Appli-
cations] explode all trees

9 ((cell phone* or smartphone* 
or mobile phone* or mobile 
app*) AND (health or fit-
ness or exercise or activity or 
movement or steps or walk or 
walking)):ti,ab,kw

10 [22-#9]
11 MeSH descriptor: [Heart Failure] 

explode all trees
12 (((heart or ventric* or cardiac) 

NEAR/2 (fail* or decompen-
sat*)) or CHF):ti,ab,kw

Searches

13 (HFpEF or “diastolic fail-
ure” or “preserved ejection 
fraction”):ti,ab,kw

14 ((HFrEF or "systolic failure" or 
((reduced or depressed) NEAR/2 
"ejection fraction"))):ti,ab,kw

15 MeSH descriptor: [Diabetes Mel-
litus] explode all trees

16 (“Type 1 diabetes” or T1DM or 
T1D or IDDM):ti,ab,kw

17 (“Type 2 diabetes” or T2DM or 
T2D or NIDDM):ti,ab,kw

18 (“gestational diabetes” or “preg-
nancy diabetes”):ti,ab,kw

19 {OR #11-#18}
20 #10 AND #19
21 (randomly or randomized 

or randomised or RCT or 
RCTs):ti,ab,kw

22 #20 AND #21
23 #23 MeSH descriptor: [Animals] 

explode all trees
24 #24 MeSH descriptor: [Models, 

Animal] explode all trees
25 #25 MeSH descriptor: [Disease 

Models, Animal] explode all 
trees

26 #26 [17-#25]
27 #27 MeSH descriptor: [Humans] 

explode all trees
28 #28 #26 NOT #27
29 #29 ((animal or animals or cat or 

cats or feline* or cow or cows 
or cattle or bovine or dog or 
dogs or canine* or hamster* 
or lamb or lambs or monkey* 
or primate* or simian or mice 
or mouse or murine or pig or 
pigs or piglet* or porcine or 
rabbit* or leporine or rat or rats 
or rodent* or sheep* or ovine 
or veterinar*) not (human* or 
patient*)):ti,ab,kw

30 #30 #28 OR #29
31 #31 #22 NOT #30 in Trials
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Appendix 2

Preferred Reporting Items for Systematic Reviews and Meta-
Analyses Extension for Scoping Reviews (PRISMA-ScR) 
Checklist

Section Item PRISMA-ScR 
checklist item

Reported on page #

Title
Title 1 Identify the report 

as a scoping 
review

1

Abstract
Structured sum-

mary
2 Provide a struc-

tured summary 
that includes 
(as applicable): 
background, 
objectives, 
eligibility criteria, 
sources of evi-
dence, charting 
methods, results, 
and conclusions 
that relate to the 
review questions 
and objectives

2

Introduction
Rationale 3 Describe the 

rationale for the 
review in the 
context of what 
is already known. 
Explain why the 
review questions/
objectives lend 
themselves to a 
scoping review 
approach

3

Objectives 4 Provide an explicit 
statement of the 
questions and 
objectives being 
addressed with 
reference to their 
key elements 
(e.g., population 
or participants, 
concepts, and 
context) or other 
relevant key 
elements used to 
conceptualize the 
review questions 
and/or objectives

3

Section Item PRISMA-ScR 
checklist item

Reported on page #

Methods
Protocol and regis-

tration
5 Indicate whether a 

review protocol 
exists; state if and 
where it can be 
accessed (e.g., 
a Web address); 
and if available, 
provide registra-
tion information, 
including the reg-
istration number

4 and 11

Eligibility criteria 6 Specify characteris-
tics of the sources 
of evidence used 
as eligibility 
criteria (e.g., 
years considered, 
language, and 
publication sta-
tus), and provide 
a rationale

4

Information 
sources*

7 Describe all infor-
mation sources in 
the search (e.g., 
databases with 
dates of cover-
age and contact 
with authors to 
identify addi-
tional sources), 
as well as the 
date the most 
recent search was 
executed

4

Search 8 Present the full 
electronic search 
strategy for at 
least 1 database, 
including any 
limits used, such 
that it could be 
repeated

4 and Appendix 1

Selection of sources 
of evidence†

9 State the process 
for select-
ing sources of 
evidence (i.e., 
screening and eli-
gibility) included 
in the scoping 
review

4 and Appendix 1
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Section Item PRISMA-ScR 
checklist item

Reported on page #

Data charting 
process‡

10 Describe the meth-
ods of charting 
data from the 
included sources 
of evidence (e.g., 
calibrated forms 
or forms that have 
been tested by 
the team before 
their use, and 
whether data 
charting was done 
independently or 
in duplicate) and 
any processes 
for obtaining and 
confirming data 
from investigators

4

Data items 11 List and define 
all variables for 
which data were 
sought and any 
assumptions and 
simplifications 
made

5

Critical appraisal of 
individual sources 
of evidence§

12 If done, provide 
a rationale for 
conducting a criti-
cal appraisal of 
included sources 
of evidence; 
describe the 
methods used and 
how this informa-
tion was used in 
any data synthesis 
(if appropriate)

n/a

Synthesis of results 13 Describe the meth-
ods of handling 
and summarizing 
the data that were 
charted

5

Results
Selection of sources 

of evidence
14 Give numbers of 

sources of evi-
dence screened, 
assessed for 
eligibility, and 
included in the 
review, with 
reasons for 
exclusions at 
each stage, ide-
ally using a flow 
diagram

5

Section Item PRISMA-ScR 
checklist item

Reported on page #

Characteristics 
of sources of 
evidence

15 For each source of 
evidence, present 
characteristics for 
which data were 
charted and pro-
vide the citations

n/a

Critical appraisal 
within sources of 
evidence

16 If done, present 
data on criti-
cal appraisal of 
included sources 
of evidence (see 
item 12)

n/a

Results of indi-
vidual sources of 
evidence

17 For each included 
source of evi-
dence, present 
the relevant data 
that were charted 
that relate to the 
review questions 
and objectives

5–7

Synthesis of results 18 Summarize and/
or present the 
charting results as 
they relate to the 
review questions 
and objectives

5–7

Discussion
Summary of evi-

dence
19 Summarize the 

main results 
(including an 
overview of 
concepts, themes, 
and types of 
evidence avail-
able), link to the 
review questions 
and objectives, 
and consider the 
relevance to key 
groups

7–10

Limitations 20 Discuss the 
limitations of the 
scoping review 
process

10

Conclusions 21 Provide a general 
interpretation of 
the results with 
respect to the 
review questions 
and objectives, as 
well as potential 
implications and/
or next steps

11
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Section Item PRISMA-ScR 
checklist item

Reported on page #

Funding
Funding 22 Describe sources 

of funding for the 
included sources 
of evidence, as 
well as sources 
of funding for the 
scoping review. 
Describe the role 
of the funders 
of the scoping 
review

11

JBI Joanna Briggs Institute; PRISMA-ScR Preferred Reporting Items for 
Systematic reviews and Meta-Analyses extension for Scoping Reviews.
*Where sources of evidence (see second footnote) are compiled from, 
such as bibliographic databases, social media platforms, and Web sites.
†A more inclusive/heterogeneous term used to account for the dif-
ferent types of evidence or data sources (e.g., quantitative and/or 
qualitative research, expert opinion, and policy documents) that may 
be eligible in a scoping review as opposed to only studies. This is not 
to be confused with information sources (see first footnote).
‡The frameworks by Arksey and O’Malley (6) and Levac and col-
leagues (7) and the JBI guidance (4, 5) refer to the process of data 
extraction in a scoping review as data charting.
§ The process of systematically examining research evidence to assess 
its validity, results, and relevance before using it to inform a decision. 
This term is used for items 12 and 19 instead of “risk of bias” (which is 
more applicable to systematic reviews of interventions) to include and 
acknowledge the various sources of evidence that may be used in a scop-
ing review (e.g., quantitative and/or qualitative research, expert opinion, 
and policy document). From: Tricco AC, Lillie E, Zarin W, O'Brien 
KK, Colquhoun H, Levac D, et al. PRISMA Extension for Scoping 
Reviews (PRISMAScR): Checklist and Explanation. Ann Intern Med. 
2018;169:467–473. https:// doi. org/ 10. 7326/ M18- 0850
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