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Abstract

Background: Metabolic diseases, such as cardiovascular diseases and diabetes, contribute significantly to global mortality and
disability. Wearable devices and smartphones are increasingly used to track and manage modifiable risk factors associated with
metabolic diseases. However, no established guidelines exist on how to derive meaningful signals from these devices, often
hampering cross-study comparisons.

Objective: This study aims to systematically overview the current empirical literature on how wearables and smartphones are
used to track modifiable (physiological and lifestyle) risk factors associated with metabolic diseases.

Methods: We will conduct a scoping review to overview how wearable and smartphone-based studies measure modifiable risk
factors related to metabolic diseases. We will search 5 databases (Scopus, Web of Science, PubMed, Cochrane Central Register
of Controlled Trials, and SPORTDiscus) from 2019 to 2024, with search terms related to wearables, smartphones, and modifiable
risk factors associated with metabolic diseases. Eligible studies will use smartphones or wearables (worn on the wrist, finger,
arm, hip, and chest) to track physiological or lifestyle factors related to metabolic diseases. We will follow the reporting guideline
standards from PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping
Reviews) and the JBI (Joanna Briggs Institute) guidance on scoping review methodology. Two reviewers will independently
screen articles for inclusion and extract data using a standardized form. The findings will be synthesized and reported qualitatively
and quantitatively.

Results: Data collection is expected to begin in November 2024; data analysis in the first quarter of 2025; and submission to a
peer-reviewed journal by the second quarter of 2025. We expect to identify the degree to which wearable and smartphone-based
studies track modifiable risk factors collectively (versus in isolation), and the consistency and variation in how modifiable risk
factors are measured across existing studies.

Conclusions: Results are expected to inform more standardized guidelines on wearable and smartphone-based measurements,
with the goal of aiding cross-study comparison. The final report is planned for submission to a peer-reviewed, indexed journal.
This review is among the first to systematically overview the current landscape on how wearables and smartphones measure
modifiable risk factors associated with metabolic diseases.
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Introduction

Noncommunicable diseases lead to 41 million deaths per year
globally and are estimated to cost, on average, more than US
$2 trillion per year [1,2]. A large portion of noncommunicable
diseases–related burden is attributed to a growing prevalence
of metabolic diseases, namely type 2 diabetes, hypertension,
hyperlipidemia, obesity, and, more recently, nonalcoholic fatty
liver disease [3,4]. Metabolic diseases are projected to increase
significantly, with diabetes prevalence rates expected to double
from 529 million in 2021 to 1.3 billion in 2050, and related
expenditures projected to surpass US $1054 billion by 2045 [5].

A large body of research has shown that metabolic diseases, for
example, type 2 diabetes, are influenced by a complex network
of modifiable factors. These include lifestyle factors (ie,
nutrition, physical activity, sleep, stress, and substance abuse)
and physiological markers (ie, blood sugar, triglycerides, and
high-density lipoprotein cholesterol) [6-10]. Following complex
systems perspectives, modifiable factors interact [11,12] and
together shape disease outcomes over time, with up to 70% of
cardiovascular disease cases and mortality attributed to
modifiable risk factors [8,9,12].

In parallel, wearables (ie, devices worn on the wrist, finger,
arm, and chest) and smartphones are increasingly used to track
modifiable risk factors in daily life, with improved precision
and accuracy [13]. These digital devices offer key advantages
over lab-based measurements, such as continuous and
person-specific data collection in (near) real-time. For instance,
smartwatches can track physical activity and sleep patterns in
the natural environment with minimal burden [14]. Further,
mobile apps can detect dietary patterns through image-based
food recognition [15] and brief ecologic momentary assessments
[16] in free-living conditions. These high-dimensional,
longitudinal data enable continuous monitoring and can be used
to trigger personalized lifestyle interventions, for example by
personalizing recommendations on nutrition, sleep, and physical
activity [14,16,17]. By enabling remote monitoring, wearables,
and smartphones can potentially improve access to care and
reduce the costs of metabolic disease management [18,19] versus
standard lab-based clinical approaches [20].

While studies increasingly demonstrate the promise of wearables
for tracking, preventing, and managing metabolic diseases [21],
several key gaps remain in the newly evolving field of digital
metabolic health. Here, we focus on two gaps. First, recent
perspectives highlight the importance of tracking multiple,
modifiable risk factors in parallel (vs a single risk factor in
isolation) for a more comprehensive lens into an individual’s
metabolic health profile [22]. However, the extent to which
existing studies focus on multiple versus risk factors remains
unclear. Second, alongside the proliferation of wearables and
smartphones, there are concerns regarding data comparability,
even when researchers aim to measure the same risk factors
[23]. Specifically, there is growing evidence of
incommensurability, with researchers employing different
operationalizations and measures of the same risk factors (ie,
physical inactivity), thus making direct cross-study comparisons
challenging. This heterogeneity can make it difficult to directly

track between-study effects [20] and present a barrier to building
cumulative and generalizable knowledge [24]. Motivated by
these gaps, it is essential to examine which modifiable risk
factors are measured using wearables and smartphones and how
recent work has begun to overview the use of different wearable
technologies in cardiometabolic diseases [20] and the role of
digital health technologies in metabolic disorders among older
adults, more broadly [25]. However, to our knowledge, no
studies have specifically focused on the landscape of modifiable
risk factors. Thus, we aim to address the two questions, that are
(1) Which modifiable risk factors are most often studied in
wearable and smartphone-based metabolic health research? and
(2) To what extent are measures of modifiable risk factors
consistent across studies, particularly in measurement methods?

Gaining a comprehensive understanding of the current landscape
of modifiable risk factors, tracked using wearables and
smartphones, is crucial to inform more consistent measurement
guidelines. Given the broad nature of the inquiry and the
emerging status of the field, we deemed a scoping review the
most appropriate method for investigating these research
questions.

Methods

Overview
We will follow the 2020 JBI methodological guidance for
scoping reviews [26,27], developed by the JBI Scoping Review
Methodology Group. Accordingly, our scoping review is
structured to follow seven stages, which consist of (1) title and
research question, (2) identifying inclusion criteria, (3)
identifying a search strategy, (4) evidence screening and
selection, (5) data extraction, (6) data analysis, and (7)
presentation of results. To guarantee adherence to reporting, we
will also follow the PRISMA-ScR (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses Extension for
Scoping Reviews) checklist [28].

Stage 1: Title and Research Question
The title was developed based on the PCC (population, concept,
and context) mnemonic [26], with a focus on the concept and
context, namely wearables and smartphones for modifiable risk
factors. The title does not explicitly mention the study
population due to our broad inclusion criteria (eg, any adults).
Motivated by gaps in previous work [20,29] and a lack of
overview in the field, this scoping review aims to systematically
describe (1) which modifiable risk factors are most often studied
in wearable and smartphone-based metabolic health research,
and (2) to what extent are measures of modifiable risk factors
consistent across studies in terms of measurement methods.

Stage 2: Inclusion and Exclusion Criteria
Eligible studies will be peer-reviewed, written in English,
published in 2019 and after (to reflect the most current literature
and build on previous work [30]); and will include a full-text
version. Given our research aims, eligible studies will: (1)
measure lifestyle and physiological factors relevant to metabolic
health, use (2) smartphones or wearables worn on the wrist,
finger, arm, and chest, and (3) analyze the generated wearables
or smartphone data for outcome assessment related to metabolic
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health. Qualitative studies will be excluded. Building on
previous work [30], we will include wearable devices that cost
<€500 (US $570) per device hardware, consistent with price
cut-offs in previous work [30]. We will include
membership-based devices. The study population will include

adults aged 18 years and older. We will use institutional journal
subscriptions and interlibrary loan services to access studies,
and in cases where no full text is available, authors will be
contacted with a waiting period of 7 days before study exclusion.
Textbox 1 presents the study’s inclusion and exclusion criteria.

Textbox 1. Study inclusion and exclusion criteria.

Inclusion Criteria

• Peer-reviewed empirical study

• Published from 2019 to 2024

• The study involves wearables or smartphones for data collection

• The study focuses on modifiable risk factors in metabolic health or disease contexts (a minimum of one factor from Table S1 in Multimedia
Appendix 1 is included)

Exclusion Criteria

• The article is not in English

• The publication type is not an original empirical article (ie, conference abstract, commentary, or letters to the editor)

• No quantitative analyses

• Wearable costs≥500€ (US $570)

• Study population age <18 years

• Primary research objectives and analyses do not involve wearable or smartphone-collected data, or the outcome is not related to metabolic health

Stage 3: Search Strategy
Building on the most recent reviews in the wearable, digital
health, and metabolic health domains [20,29], we identified key
search terms capturing wearables or smartphones and prominent
modifiable risk factors associated with metabolic diseases [6].
A full list of key search terms can be found in Table S2 in
Multimedia Appendix 1. We will search the following 5 major
databases, that are Scopus, Web of Science, PubMed, Cochrane
Centralized Register of Controlled Trials, and SportDiscus.
Identified studies will be imported into the systematic review
tool Rayyan developed by the Qatar Computing Research
Institute [31].

Stage 4: Evidence Screening and Selection
Study evidence screening and selection will be performed based
on the inclusion and exclusion criteria (see Textbox 1). We will
first screen the title and abstract based on the predefined criteria,
followed by screening the full text. This process will be
conducted by 2 reviewers in parallel, and any discrepancies in
study eligibility will be resolved by a third reviewer.

Stage 5: Data Extraction
For each eligible study, we will extract information using a
standardized data charting form. In total, 2 reviewers will
manually chart the extracted information, and a third reviewer
will resolve any discrepancies. The data charting form is
presented in Table 1. The data charting form is adapted from
prior work [25].
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Table 1. Data charting form.

Explanation (if applicable)Charting information

—aAuthors

—Year of publication

Where the study was conductedCountry of origin

Healthy, at-risk, clinically diagnosedPopulation type

Age or gender or racePopulation demographic

—Sample size

Yes or noIntervention

—If yes, intervention type

—If yes, duration of intervention

That is a wrist-worn wearable, smartphone, and mobile application.Type of wearable

That is (a) physiological risk factor, (b) lifestyle risk factor, (c) or bothModifiable risk factor

risk factor type (ie, physical activity)Modifiable risk factor measure

Measure operationalization (ie, step count per day)Unit of measurement

That is (a) ecological momentary assessment or self-report; (b) passive
sensing.

Sampling method

—Measure sampling frequency

—Overall measurement duration

—Number of total risk factors

aNot applicable.

Stages 6 and 7: Data analysis and presentation of
results
Following the data charting process outlined in Table 1, the
gathered data will be synthesized and summarized in descriptive
tables and figures. According to our first research question, we
will categorize the modifiable risk factors per each study. Next,
we will aggregate the overall prevalence of each modifiable
risk factor and the proportion of studies that measure single or
multiple modifiable risk factors. Based on our second question,
we will describe the measures used to operationalize the most
prevalent factors, and we will overview the overlap (vs
discrepancies) in measurement, that is, how consistently risk
factors are measured across studies. The findings will be
summarized and communicated through tables and figures.
Relevant findings will be communicated to diverse stakeholders,
such as digital metabolic health researchers, healthcare
professionals, digital health interest groups, metabolic disease
patient organizations, and health insurance providers, through
presentations and workshops.

Ethical Considerations
No ethics approval is required for this study as it does not
involve conducting trials or collecting primary data.

Results

A structured search strategy was developed to summarize the
landscape of modifiable risk factors for metabolic health and
their measurements in the context of wearable and smartphone
research. As of the submission of this protocol in October 2024,

no data collection has begun. Data collection is scheduled to
begin in November 2024, with data analysis set to start in the
first quarter of 2025. The results are anticipated to be submitted
for peer-reviewed publication as a scoping review by the second
quarter of 2025 and will be disseminated through publication
in relevant journals and presentations at conferences.

Discussion

Anticipated Findings
Prior research [8,29,32] has demonstrated that multiple
modifiable risk factors jointly contribute to metabolic disease
outcomes. In parallel, a growing number of studies are
leveraging wearables and smartphones to track metabolic
diseases in daily life (for example, [33,34]). However, it remains
unclear whether existing studies examine multiple modifiable
risk factors simultaneously or focus on a single factor in
isolation. Our results are expected to reveal whether, and the
degree to which, studies examine a range of modifiable risk
factors in parallel, thereby offering a comprehensive approach,
or if they predominantly isolate a single factor, which would
suggest a gap in integrating broader determinants of metabolic
diseases. Anticipated findings may indicate that certain risk
factors, such as physical activity or diet, are more commonly
tracked, while others, like stress or sleep, might be
underrepresented, thereby revealing potential gaps in the current
research focus. Our results could also highlight a strong
consistency in the way risk factors are measured (eg, uniform
use of validated metrics across studies) or substantial variation
in measurement approaches. In the latter case, this inconsistency
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could point to challenges in comparing or integrating findings
across different studies, thereby underscoring the need for
standardization in risk factor measurement using wearables and
smartphones.

The scoping review is expected to extend the existing literature
in several ways. First, Lee et al [20], have begun to outline the
characteristics of wearable devices to track cardiometabolic
outcomes, but have not examined the degree to which studies
examine different risk factors collectively, nor the consistency
in measurement across studies. Our review aims to fill these
gaps by systematically assessing the extent to which different
risk factors are measured together (rather than in isolation), and
by evaluating the consistency in measurement across studies.
Previous reviews have primarily focused on the application of
wearables or digital health technologies within the context of
a single disease such as obesity or diabetes [23,35-37], or a
single risk factor (eg, nutrition, physical activity, or stress)
[14,38-41]. In contrast, our scoping review aims to provide a
more comprehensive risk-factor perspective in a broader
metabolic health framework.

To the best of our knowledge, this protocol is among the first
systematic attempts to outline the current landscape of
modifiable risk factors in digital metabolic health research, with
a particular focus on the consistency of risk factor measurement
across studies. We expect this research to contribute to existing
knowledge by systematically scoping the variability in wearable

and smartphone-based measurements, thus paving the way for
improved measurement standards and comparability across
studies. This scoping review will have several limitations, such
as only including literature restricted in English, and quantitative
empirical studies, which may omit more recent qualitative or
industry developments. Our results will be specific to body-worn
wearables costing up to €500 (US $570), a price point that may
still be considered expensive. As such, some wearables included
in our analysis may still be financially out of reach for many,
reflecting a potential barrier to accessibility. We will also
exclude other potentially relevant devices that are not worn on
the body such as breath analyzers. Furthermore, there is often
no consensus on the definition of metabolic health in the
literature [42], which may lead to varied interpretations of
metabolic risk factors. However, drawing from previous studies,
we have compiled an extensive list of modifiable risk factors,
encompassing both lifestyle behaviors and physiological
indicators [43-50]. Future research may compare how different
risk factors, and measurement approaches, predict metabolic
disease outcomes.

Conclusion
Overall, this scoping review aims to synthesize existing research
on how wearable and smartphone-based studies track modifiable
risk factors in digital metabolic health. This work may
potentially motivate the development of measurement reporting
standards, thereby improving the consistency and applicability
of measurements in digital metabolic health studies.

Authors' Contributions
VB and MJ conceived the idea. VB wrote the first version of the manuscript. TK and MJ provided feedback on the manuscript
and revised it. TK and MJ provided methodological guidance.

Conflicts of Interest
VB, TK, and MJ are affiliated with the Centre for Digital Health Interventions, a joint initiative of the Institute for Implementation
Science in Health Care, University of Zurich, the Department of Management, Technology, and Economics at Federal Institute
of Technology Zurich, and the Institute of Technology Management and School of Medicine at the University of St. Gallen,
Centre for Digital Health Interventions is funded in part by Mavie Next, an Austrian health care provider, Christian Social Health
Insurance of Switzerland, a Swiss health insurer, and MedTech Innovation partners, a growth equity firm. TK was also a cofounder
of Pathmate Technologies, a university spin-off company that creates and delivers digital clinical pathways. However, Mavie
Next, Christian Social Health Insurance of Switzerland, MedTech Innovation partners, and Pathmate Technologies were involved
in this protocol. All other authors have no conflicting interests.

Multimedia Appendix 1
Search strategy for modifiable risk factors in metabolic health studies.
[DOCX File , 28 KB-Multimedia Appendix 1]

References

1. World Health Organization noncommunicable diseases: mortality. URL: https://www.who.int/data/gho/data/themes/topics/
topic-details/GHO/ncd-mortality [accessed 2024-11-06]

2. Bloom DE, Cafiero E, Jané-Llopis E, Abrahams-Gesse S, Bloom LR, Fathima S, et al. The global economic burden of
noncommunicable diseases. Boston, MA. Program on the Global Demography of Aging; 2012.

3. Chew NWS, Ng CH, Tan DJH, Kong G, Lin C, Chin YH, et al. The global burden of metabolic disease: data from 2000
to 2019. Cell Metab. 2023;35(3):414-428. [FREE Full text] [doi: 10.1016/j.cmet.2023.02.003] [Medline: 36889281]

4. Global Burden of Disease Collaborative Network Global Burden of Disease Study 2019 (GBD 2019). 2020. URL: https:/
/www.healthdata.org/research-analysis/gbd [accessed 2024-11-06]

5. Ong KL, Stafford LK, McLaughlin SA, Boyko EJ, Vollset SE, Smith AE, et al. [doi: 10.1016/s0140-6736(23)01301-6]

JMIR Res Protoc 2024 | vol. 13 | e59539 | p. 5https://www.researchprotocols.org/2024/1/e59539
(page number not for citation purposes)

Brügger et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v13i1e59539_app1.docx&filename=b3d1f683137eb556b31edc10aa05ac57.docx
https://jmir.org/api/download?alt_name=resprot_v13i1e59539_app1.docx&filename=b3d1f683137eb556b31edc10aa05ac57.docx
https://www.who.int/data/gho/data/themes/topics/topic-details/GHO/ncd-mortality
https://www.who.int/data/gho/data/themes/topics/topic-details/GHO/ncd-mortality
https://linkinghub.elsevier.com/retrieve/pii/S1550-4131(23)00039-6
http://dx.doi.org/10.1016/j.cmet.2023.02.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36889281&dopt=Abstract
https://www.healthdata.org/research-analysis/gbd
https://www.healthdata.org/research-analysis/gbd
http://dx.doi.org/10.1016/s0140-6736(23)01301-6
http://www.w3.org/Style/XSL
http://www.renderx.com/


6. Mohamed SM, Shalaby MA, El-Shiekh RA, El-Banna HA, Emam SR, Bakr AF. Metabolic syndrome: risk factors, diagnosis,
pathogenesis, and management with natural approaches. Food Chemistry Advances. 2023;3:100335. [doi:
10.1016/j.focha.2023.100335]

7. Ali N, Samadder M, Shourove JH, Taher A, Islam F. Prevalence and factors associated with metabolic syndrome in university
students and academic staff in bangladesh. Sci Rep. 2023;13(1):19912. [FREE Full text] [doi: 10.1038/s41598-023-46943-x]
[Medline: 37963996]

8. Yusuf S, Joseph P, Rangarajan S, Islam S, Mente A, Hystad P, et al. Modifiable risk factors, cardiovascular disease, and
mortality in 155 722 individuals from 21 high-income, middle-income, and low-income countries (PURE): a prospective
cohort study. The Lancet. 2020;395(10226):795-808. [doi: 10.1016/s0140-6736(19)32008-2]

9. Adams ML, Grandpre J, Katz DL, Shenson D. The impact of key modifiable risk factors on leading chronic conditions.
Prev Med. 2019;120:113-118. [doi: 10.1016/j.ypmed.2019.01.006] [Medline: 30658065]

10. Gillett M, Royle P, Snaith A, Scotland G, Poobalan A, Imamura M, et al. Non-pharmacological interventions to reduce the
risk of diabetes in people with impaired glucose regulation: a systematic review and economic evaluation. Health Technol
Assess. 2012;16(33):1-236. [FREE Full text] [doi: 10.3310/hta16330] [Medline: 22935084]

11. Foraita R, Witte J, Börnhorst C, Gwozdz W, Pala V, Lissner L, et al. A longitudinal causal graph analysis investigating
modifiable risk factors and obesity in a European cohort of children and adolescents. Sci Rep. 2024;14(1):6822. [FREE
Full text] [doi: 10.1038/s41598-024-56721-y] [Medline: 38514750]

12. Castro R, Ribeiro-Alves M, Oliveira C, Romero CP, Perazzo H, Simjanoski M, et al. What are we measuring when we
evaluate digital interventions for improving lifestyle? a scoping meta-review. Front Public Health. 2021;9:735624. [FREE
Full text] [doi: 10.3389/fpubh.2021.735624] [Medline: 35047469]

13. Wall C, Hetherington V, Godfrey A. Beyond the clinic: the rise of wearables and smartphones in decentralising healthcare.
NPJ Digit Med. 2023;6(1):219. [FREE Full text] [doi: 10.1038/s41746-023-00971-z] [Medline: 38007554]

14. Hodkinson A, Kontopantelis E, Adeniji C, van Marwijk H, McMillian B, Bower P, et al. Interventions using wearable
physical activity trackers among adults with cardiometabolic conditions: a systematic review and meta-analysis. JAMA
Netw Open. 2021;4(7):e2116382. [FREE Full text] [doi: 10.1001/jamanetworkopen.2021.16382] [Medline: 34283229]

15. Dalakleidi KV, Papadelli M, Kapolos I, Papadimitriou K. Applying image-based food-recognition systems on dietary
assessment: a systematic review. Adv Nutr. 2022;13(6):2590-2619. [FREE Full text] [doi: 10.1093/advances/nmac078]
[Medline: 35803496]

16. Sim I. Mobile devices and health. N Engl J Med. 2019;381(10):956-968. [doi: 10.1056/NEJMra1806949] [Medline:
31483966]

17. Brügger V, Kowatsch T, Jovanova M. Personalizing dietary interventions by predicting individual vulnerability to glucose
excursions. MedRxiv. 2024:2028. [doi: 10.1101/2024.08.07.24311591]

18. Taylor ML, Thomas EE, Snoswell CL, Smith AC, Caffery LJ. Does remote patient monitoring reduce acute care use? a
systematic review. BMJ Open. 2021;11(3):e040232. [FREE Full text] [doi: 10.1136/bmjopen-2020-040232] [Medline:
33653740]

19. Liverani M, Ir P, Perel P, Khan M, Balabanova D, Wiseman V. Assessing the potential of wearable health monitors for
health system strengthening in low- and middle-income countries: a prospective study of technology adoption in cambodia.
Health Policy Plan. 2022;37(8):943-951. [FREE Full text] [doi: 10.1093/heapol/czac019] [Medline: 35262172]

20. Lee MA, Song MK, Bessette H, Roberts Davis M, Tyner TE, Reid A. Use of wearables for monitoring cardiometabolic
health: a systematic review. Int J Med Inform. 2023;179:105218. [doi: 10.1016/j.ijmedinf.2023.105218] [Medline: 37806179]

21. Natalucci V, Marmondi F, Biraghi M, Bonato M. The effectiveness of wearable devices in non-communicable diseases to
manage physical activity and nutrition: where we are? Nutrients. 2023;15(4):913. [FREE Full text] [doi: 10.3390/nu15040913]
[Medline: 36839271]

22. Moshawrab M, Adda M, Bouzouane A, Ibrahim H, Raad A. Smart wearables for the detection of cardiovascular diseases:
a systematic literature review. Sensors (Basel). 2023;23(2):828. [FREE Full text] [doi: 10.3390/s23020828] [Medline:
36679626]

23. Rodriguez-León C, Villalonga C, Munoz-Torres M, Ruiz JR, Banos O. Mobile and wearable technology for the monitoring
of diabetes-related parameters: systematic review. JMIR Mhealth Uhealth. 2021;9(6):e25138. [FREE Full text] [doi:
10.2196/25138] [Medline: 34081010]

24. Yarkoni T. The generalizability crisis. Behav Brain Sci. 2020;45:e1. [doi: 10.1017/s0140525x20001685]
25. Huynh P, Fleisch, E, Brändle, M, Kowatsch T, Jovanova M. Digital health technologies for metabolic disorders in older

adults. A Scoping Review Protocol. 2024:2-3. [doi: 10.1101/2024.02.26.24303372]
26. Peters MDJ, Marnie C, Tricco AC, Pollock D, Munn Z, Alexander L, et al. Updated methodological guidance for the

conduct of scoping reviews. JBI Evid Synth. 2020;18(10):2119-2126. [doi: 10.11124/JBIES-20-00167] [Medline: 33038124]
27. Arksey H, O'Malley L. Scoping studies: towards a methodological framework. International Journal of Social Research

Methodology. 2005;8(1):19-32. [doi: 10.1080/1364557032000119616]
28. Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, Tunçalp, et al. PRISMA extension for scoping reviews

(PRISMA-ScR): checklist and explanation. Ann Intern Med. 2018;169(7):467-473. [doi: 10.7326/m18-0850]

JMIR Res Protoc 2024 | vol. 13 | e59539 | p. 6https://www.researchprotocols.org/2024/1/e59539
(page number not for citation purposes)

Brügger et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.focha.2023.100335
https://doi.org/10.1038/s41598-023-46943-x
http://dx.doi.org/10.1038/s41598-023-46943-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37963996&dopt=Abstract
http://dx.doi.org/10.1016/s0140-6736(19)32008-2
http://dx.doi.org/10.1016/j.ypmed.2019.01.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30658065&dopt=Abstract
https://doi.org/10.3310/hta16330
http://dx.doi.org/10.3310/hta16330
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22935084&dopt=Abstract
https://doi.org/10.1038/s41598-024-56721-y
https://doi.org/10.1038/s41598-024-56721-y
http://dx.doi.org/10.1038/s41598-024-56721-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38514750&dopt=Abstract
https://europepmc.org/abstract/MED/35047469
https://europepmc.org/abstract/MED/35047469
http://dx.doi.org/10.3389/fpubh.2021.735624
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35047469&dopt=Abstract
https://doi.org/10.1038/s41746-023-00971-z
http://dx.doi.org/10.1038/s41746-023-00971-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38007554&dopt=Abstract
https://europepmc.org/abstract/MED/34283229
http://dx.doi.org/10.1001/jamanetworkopen.2021.16382
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34283229&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2161-8313(23)00093-5
http://dx.doi.org/10.1093/advances/nmac078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35803496&dopt=Abstract
http://dx.doi.org/10.1056/NEJMra1806949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31483966&dopt=Abstract
http://dx.doi.org/10.1101/2024.08.07.24311591
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=33653740
http://dx.doi.org/10.1136/bmjopen-2020-040232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33653740&dopt=Abstract
https://europepmc.org/abstract/MED/35262172
http://dx.doi.org/10.1093/heapol/czac019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35262172&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2023.105218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37806179&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu15040913
http://dx.doi.org/10.3390/nu15040913
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36839271&dopt=Abstract
https://www.mdpi.com/resolver?pii=s23020828
http://dx.doi.org/10.3390/s23020828
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36679626&dopt=Abstract
https://mhealth.jmir.org/2021/6/e25138/
http://dx.doi.org/10.2196/25138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34081010&dopt=Abstract
http://dx.doi.org/10.1017/s0140525x20001685
http://dx.doi.org/10.1101/2024.02.26.24303372
http://dx.doi.org/10.11124/JBIES-20-00167
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33038124&dopt=Abstract
http://dx.doi.org/10.1080/1364557032000119616
http://dx.doi.org/10.7326/m18-0850
http://www.w3.org/Style/XSL
http://www.renderx.com/


29. Keshet A, Reicher L, Bar N, Segal E. Wearable and digital devices to monitor and treat metabolic diseases. Nat Metab.
2023;5(4):563-571. [doi: 10.1038/s42255-023-00778-y] [Medline: 37100995]

30. Huhn S, Axt M, Gunga HC, Maggioni MA, Munga S, Obor D, et al. The impact of wearable technologies in health research:
scoping review. JMIR Mhealth Uhealth. 2022;10(1):e34384. [FREE Full text] [doi: 10.2196/34384] [Medline: 35076409]

31. Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan-a web and mobile app for systematic reviews. Syst Rev.
2016;5(1):210. [FREE Full text] [doi: 10.1186/s13643-016-0384-4] [Medline: 27919275]

32. Bruce K, Byrne CD. The metabolic syndrome: common origins of a multifactorial disorder. Postgrad Med J.
2009;85(1009):614-621. [doi: 10.1136/pgmj.2008.078014] [Medline: 19892897]

33. Zahedani AD, McLaughlin T, Veluvali A, Aghaeepour N, Hosseinian A, Agarwal S, et al. Digital health application
integrating wearable data and behavioral patterns improves metabolic health. NPJ Digit Med. 2023;6(1):216. [FREE Full
text] [doi: 10.1038/s41746-023-00956-y] [Medline: 38001287]

34. Franssen WMA, Franssen GHLM, Spaas J, Solmi F, Eijnde BO. Can consumer wearable activity tracker-based interventions
improve physical activity and cardiometabolic health in patients with chronic diseases? a systematic review and meta-analysis
of randomised controlled trials. Int J Behav Nutr Phys Act. 2020;17(1):57. [FREE Full text] [doi:
10.1186/s12966-020-00955-2] [Medline: 32393357]

35. Ahmed A, Aziz S, Abd-Alrazaq A, Farooq F, Sheikh J. Overview of artificial intelligence-driven wearable devices for
diabetes: scoping review. J Med Internet Res. 2022;24(8):e36010. [FREE Full text] [doi: 10.2196/36010] [Medline:
35943772]

36. Stevens S, Gallagher S, Andrews T, Ashall-Payne L, Humphreys L, Leigh S. The effectiveness of digital health technologies
for patients with diabetes mellitus: a systematic review. Front Clin Diabetes Healthc. 2022;3:936752. [FREE Full text]
[doi: 10.3389/fcdhc.2022.936752] [Medline: 36992773]

37. Chimatapu SN, Mittelman SD, Habib M, Osuna-Garcia A, Vidmar AP. Wearable devices beyond activity trackers in youth
with obesity: summary of options. Child Obes. 2024;20(3):208-218. [doi: 10.1089/chi.2023.0005] [Medline: 37023409]

38. Bell BM, Alam R, Alshurafa N, Thomaz E, Mondol AS, de la Haye K, et al. Automatic, wearable-based, in-field eating
detection approaches for public health research: a scoping review. NPJ Digit Med. 2020;3:38. [FREE Full text] [doi:
10.1038/s41746-020-0246-2] [Medline: 32195373]

39. González Ramírez ML, García Vázquez JP, Rodríguez MD, Padilla-López LA, Galindo-Aldana GM, Cuevas-González D.
Wearables for stress management: a scoping review. Healthcare (Basel). 2023;11(17):2369. [FREE Full text] [doi:
10.3390/healthcare11172369] [Medline: 37685403]

40. Namvari M, Lipoth J, Knight S, Jamali AA, Hedayati M, Spiteri RJ, et al. Photoplethysmography enabled wearable devices
and stress detection: a scoping review. J Pers Med. 2022;12(11):1792. [FREE Full text] [doi: 10.3390/jpm12111792]
[Medline: 36579537]

41. Limketkai BN, Mauldin K, Manitius N, Jalilian L, Salonen BR. The age of artificial intelligence: use of digital technology
in clinical nutrition. Curr Surg Rep. 2021;9(7):20. [FREE Full text] [doi: 10.1007/s40137-021-00297-3] [Medline: 34123579]

42. Fan Y, Pedersen O. Gut microbiota in human metabolic health and disease. Nat Rev Microbiol. 2021;19(1):55-71. [doi:
10.1038/s41579-020-0433-9] [Medline: 32887946]

43. Motahari-Nezhad H, Fgaier M, Mahdi Abid M, Péntek M, Gulácsi L, Zrubka Z. Digital biomarker–based studies: scoping
review of systematic reviews. JMIR Mhealth Uhealth. 2022;10(10):e35722. [doi: 10.2196/35722]

44. Sibbritt D, Peng W, Lauche R, Ferguson C, Frawley J, Adams J. Efficacy of acupuncture for lifestyle risk factors for stroke:
a systematic review. PLoS One. 2018;13(10):e0206288. [FREE Full text] [doi: 10.1371/journal.pone.0206288] [Medline:
30365567]

45. Fernández-Cao JC, Aparicio E. Design, development and validation of food frequency questionnaires for the diabetic
population: protocol for a systematic review and meta-analysis. BMJ Open. 2022;12(9):e058831. [FREE Full text] [doi:
10.1136/bmjopen-2021-058831] [Medline: 36123099]

46. Mammen G, Faulkner G. Physical activity and the prevention of depression: a systematic review of prospective studies.
Am J Prev Med. 2013;45(5):649-657. [doi: 10.1016/j.amepre.2013.08.001] [Medline: 24139780]

47. Thompson TP, Taylor AH, Wanner A, Husk K, Wei Y, Creanor S, et al. Physical activity and the prevention, reduction,
and treatment of alcohol and/or substance use across the lifespan (the PHASE review): protocol for a systematic review.
Syst Rev. 2018;7(1):9. [FREE Full text] [doi: 10.1186/s13643-018-0674-0] [Medline: 29357931]

48. McCarter SJ, Hagen PT, St. Louis EKS, Rieck TM, Haider CR, Holmes DR, et al. Physiological markers of sleep quality:
a scoping review. Sleep Medicine Reviews. 2022;64:101657. [doi: 10.1016/j.smrv.2022.101657] [Medline: 35753151]

49. Sawadogo W, Tsegaye M, Gizaw A, Adera T. Overweight and obesity as risk factors for COVID-19-associated
hospitalisations and death: systematic review and meta-analysis. BMJ Nutr Prev Health. 2022;5(1):10-18. [FREE Full text]
[doi: 10.1136/bmjnph-2021-000375] [Medline: 35814718]

50. Hu R, van Velthoven MH, Meinert E. Perspectives of people who are overweight and obese on using wearable technology
for weight management: systematic review. JMIR Mhealth Uhealth. 2020;8(1):e12651. [FREE Full text] [doi: 10.2196/12651]
[Medline: 31929104]

JMIR Res Protoc 2024 | vol. 13 | e59539 | p. 7https://www.researchprotocols.org/2024/1/e59539
(page number not for citation purposes)

Brügger et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1038/s42255-023-00778-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37100995&dopt=Abstract
https://air.unimi.it/handle/2434/899851
http://dx.doi.org/10.2196/34384
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35076409&dopt=Abstract
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-016-0384-4
http://dx.doi.org/10.1186/s13643-016-0384-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27919275&dopt=Abstract
http://dx.doi.org/10.1136/pgmj.2008.078014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19892897&dopt=Abstract
https://doi.org/10.1038/s41746-023-00956-y
https://doi.org/10.1038/s41746-023-00956-y
http://dx.doi.org/10.1038/s41746-023-00956-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38001287&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-020-00955-2
http://dx.doi.org/10.1186/s12966-020-00955-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32393357&dopt=Abstract
https://www.jmir.org/2022/8/e36010/
http://dx.doi.org/10.2196/36010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35943772&dopt=Abstract
https://europepmc.org/abstract/MED/36992773
http://dx.doi.org/10.3389/fcdhc.2022.936752
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36992773&dopt=Abstract
http://dx.doi.org/10.1089/chi.2023.0005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37023409&dopt=Abstract
https://doi.org/10.1038/s41746-020-0246-2
http://dx.doi.org/10.1038/s41746-020-0246-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32195373&dopt=Abstract
https://www.mdpi.com/resolver?pii=healthcare11172369
http://dx.doi.org/10.3390/healthcare11172369
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37685403&dopt=Abstract
https://www.mdpi.com/resolver?pii=jpm12111792
http://dx.doi.org/10.3390/jpm12111792
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36579537&dopt=Abstract
https://europepmc.org/abstract/MED/34123579
http://dx.doi.org/10.1007/s40137-021-00297-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34123579&dopt=Abstract
http://dx.doi.org/10.1038/s41579-020-0433-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32887946&dopt=Abstract
http://dx.doi.org/10.2196/35722
https://dx.plos.org/10.1371/journal.pone.0206288
http://dx.doi.org/10.1371/journal.pone.0206288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30365567&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=36123099
http://dx.doi.org/10.1136/bmjopen-2021-058831
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36123099&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2013.08.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24139780&dopt=Abstract
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-018-0674-0
http://dx.doi.org/10.1186/s13643-018-0674-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29357931&dopt=Abstract
http://dx.doi.org/10.1016/j.smrv.2022.101657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35753151&dopt=Abstract
https://europepmc.org/abstract/MED/35814718
http://dx.doi.org/10.1136/bmjnph-2021-000375
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35814718&dopt=Abstract
https://mhealth.jmir.org/2020/1/e12651/
http://dx.doi.org/10.2196/12651
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31929104&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Abbreviations
JBI: Joanna Briggs Institute
PCC: population, concept, and context
PRISMA-ScR: Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping
Reviews

Edited by A Schwartz; submitted 15.04.24; peer-reviewed by S Vistini, R Ali; comments to author 11.06.24; revised version received
16.09.24; accepted 25.10.24; published 28.11.24

Please cite as:
Brügger V, Kowatsch T, Jovanova M
Wearables and Smartphones for Tracking Modifiable Risk Factors in Metabolic Health: Protocol for a Scoping Review
JMIR Res Protoc 2024;13:e59539
URL: https://www.researchprotocols.org/2024/1/e59539
doi: 10.2196/59539
PMID:

©Victoria Brügger, Tobias Kowatsch, Mia Jovanova. Originally published in JMIR Research Protocols
(https://www.researchprotocols.org), 28.11.2024. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR Research Protocols, is properly cited. The
complete bibliographic information, a link to the original publication on https://www.researchprotocols.org, as well as this
copyright and license information must be included.

JMIR Res Protoc 2024 | vol. 13 | e59539 | p. 8https://www.researchprotocols.org/2024/1/e59539
(page number not for citation purposes)

Brügger et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://www.researchprotocols.org/2024/1/e59539
http://dx.doi.org/10.2196/59539
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

