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Strengths and limitations of this study

►► To the best of our knowledge, this systematic review 
will be the first to combine knowledge about exist-
ing tracking technology used to explore life-space 
mobility among people with depression and/or anx-
iety disorder in real-time and in real-world urban 
settings.

►► Methods used in this review will be reported in 
accordance with the Preferred Reporting Items for 
Systematic Review and Meta-Analysis Protocols.

►► This review protocol increases the transparency of 
the review process, improves the systematic ap-
proach, reduces bias and informs the reviewers of 
the planned steps, thereby reducing the possibility 
of data manipulation.

►► The results of the review provide evidence on the 
current technology used in tracking studies that may 
identify knowledge gaps and lead to ideas for future 
studies.

►► We anticipate that there may be a large variety of 
tracking technologies and it could be difficult to 
draw clear conclusions, and will thus challenge the 
implications of the results for clinical practice.

ABSTRACT
Introduction  People with depression often experience 
disabilities that limit their social and physical capacity, 
daily function, and quality of life. Depressive symptoms 
and their implications on daily activities are often 
measured retrospectively using subjective measurement 
tools. Recently, more objective and accurate electronic 
data collection methods have been used to describe the 
daily life of people with depressive disorders. The results, 
however, have not yet been systematically reviewed. We 
aim to provide a knowledge basis for the use of tracking 
technologies in examining life-space mobility among 
adults with depression and those with anxiety as a 
comorbidity.
Methods and analysis  A systematic review with a 
narrative approach for different types of study design 
will be conducted. The following databases will be used 
to gather data from 1994 to the present: MEDLINE, 
Cumulative Index to Nursing and Allied Health Literature, 
PsycINFO, Embase, Cochrane Library, Scopus, Web of 
Science, Health Technology Assessment Database and 
IEEE Xplore. The study selection will follow the Preferred 
Reporting Items for Systematic Review and Meta-Analysis 
Protocols. Methodological appraisal of studies will be 
performed using the Crowe Critical Appraisal Tool as 
well as the Cochrane Risk-of-Bias Tool for randomised 
controlled trials. A narrative synthesis of all included 
studies will be conducted.
Ethics and dissemination  Because there will be no 
human involvement in the actual systematic review, 
no ethical approval will be required. The results will 
be disseminated in a peer-reviewed journal and in a 
conference presentation.
PROSPERO registration number  CRD42019127102.

Introduction
Depression is ranked as the single largest 
contributor to global disability.1 It has been 
estimated that about 6% of the world’s popu-
lation suffer from depression.2 In 2015, 
depression contributed 7.5% of all years lived 
with disability.1 It is also a major contributor to 
suicide deaths, accounting for anywhere from 
half to two-thirds of suicide cases, making it 
one of the top 20 leading causes of death.1 
Depression is associated with high treatment 
costs and limits productivity in communities 
due to associated long-term outcomes such as 

hypertension, diabetes, emotional problems 
and high rates of disability, compared with 
other chronic diseases.1 3 4 In 2010, it was esti-
mated that the economic burden of depres-
sion in the USA was US$210.5 billion.5

People with depression may experience 
various mental health effects, including 
persistently feeling low, loss of interest and 
enjoyment, anxiety as a comorbidity,6 and a 
range of emotional, cognitive, physical and 
behavioural symptoms.7 Different symptoms 
along with daily problems that a person 
experiences may increase their reluctance 
to engage in daily social activities and work.8 
Among other problems, almost two-thirds of 
individuals with depressive disorder have clin-
ical anxiety as a comorbidity.9 In the USA, the 
prevalence of anxiety in people with depres-
sion has been reported at 57.5%.10 It has also 
been found in a European cohort study that 
adults with depression and anxiety disorder 
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had lower level of physical function compared with those 
without these conditions. In this study physical function 
referred to limitations in performing normal activities 
of daily living and mobility, such as performing personal 
hygiene activities, eating or preparing meals, and doing 
housework.8 In institutional settings, apathy and depres-
sive symptoms have been found to have the greatest 
potential to limit life space among older people.11 Life 
space refers to the area where a person moves through 
in daily life, extending from within their home to a wider 
geographical area.12

The association between depressive symptoms and indi-
vidual life space has been reported in previous studies.12 13 
Life-space mobility is a measurement of the space through 
which a person moves over a specific period of time.12 It 
is a means to view an individual’s functioning and partic-
ipation in real-world situations as it measures their ability 
to walk, use public transportation or drive a car.14 15 It is 
assumed that a larger life-space mobility provides more 
opportunities for an individual to engage with society,16 
while a restricted life-space mobility may reflect limited 
access to societal amenities.17 18 Al Snih et al13 showed 
that a high number of depressive symptoms is one of 
the contributing factors to and is significantly associated 
with a lower level of life-space mobility. Other studies 
have shown that a restricted life space may be related to 
negative health outcomes, such as disability and cogni-
tion.14 19–21 Boyle et al,22 in their prospective observa-
tional cohort study, further indicated that a restricted life 
space is associated with a higher risk of mortality, while 
Cacioppo23 further proposed that a larger life space 
may contribute to the effective functioning of physiolog-
ical systems and therefore lead to better physical health 
outcomes. Self-reported measurements have often been 
used to assess life-space mobility, yet although they can 
be helpful they tend to overestimate true mobility and 
underestimate sedentary time.24 25 Therefore, more accu-
rate and objective methods to determine human mobility 
are needed.26

Understanding of the association between objec-
tive behavioural features, for example, physical activity, 
biometrics, physical state and social behaviour, and 
depressive mood symptoms has provided new opportuni-
ties for using mobile applications and wearable devices to 
monitor depression and other affective disorders.27 It has 
been proposed that technological devices can easily and 
objectively provide a way to monitor the activity of people 
with these illnesses and could serve as a digital marker of 
mood symptoms.28 29 We found two reviews that assessed 
individual mobility using technological devices in patients 
with mental disorders. Burton et al30, in their systematic 
review, investigated the associations between objectively 
measured physical activity and depression using digital 
actigraphy in patients with depression where digital actig-
raphy is an objective measurement of activity using body-
worn accelerometers.31 The authors identified 19 eligible 
papers (16 studies), including 412 patients where actig-
raphy was used to measure activity levels and sleep. Based 

on the case–control studies, it was found that patients 
with depression engage in less daytime activity, while 
the longitudinal studies showed a moderate increase in 
daytime activity and a reduction in night-time activity 
over the course of drug and conventional treatment. 
The researchers concluded that actigraphy is a poten-
tially valuable source of additional data on patients with 
depression, although there should be more clear guide-
lines on the use of actigraphy in studies of patients with 
depression. Another systematic review, by Rohani et al, 
provides an overview of the correlations between objec-
tive behavioural features and depressive mood symptoms 
using mobile and wearable devices.27 In their review, they 
found 85 unique objective behavioural features covering 
17 various sensor data inputs, which were divided into 
seven categories in studies. They found several features 
that had statistically significant and consistent correlation 
directionality with mood assessment, such as the amount 
of homestay, sleep duration and vigorous activity. On the 
other hand, other features showed discrepancies in direc-
tionality across the studies, such as time spent between 
locations. Like Burton et al, Rohani et al27 30 concluded 
that, due to statistically significant correlations between 
objective behavioural features collected via mobile and 
wearable devices and depressive mood symptoms, contin-
uous and everyday monitoring of behavioural aspects in 
affective disorders could be a promising supplementary 
objective measure to estimate depressive mood symptoms.

However, there remains a lack of knowledge on how 
mobility patterns and habits of people with depression 
during the course of their illness can be measured using 
different technological devices in order to gain more 
understanding of these people’s daily life. Rohani et al27 
suggested that a standardised data collection method for 
physical activity and mobility features is needed, since as 
found in their review there were limitations associated 
with different technologies used to measure mobility 
data. Therefore, there is a need for wider knowledge 
on how different technological devices can be used to 
collect data and how they can be used as digital markers 
of life-space mobility in real-life community settings.30 
This would result in better opportunities to tailor treat-
ment plans according to individuals’ daily functioning 
and habits. Such knowledge can also provide ideas on 
the future development needs of technological devices. 
However, to do this, we first need more knowledge on the 
tracking methods available and how these methods are 
used on a daily basis, keeping in mind their possible bene-
fits and concerns.

Aim and research questions
The overall aim of this systematic review is to describe the 
tracking technologies used in understanding life-space 
mobility among adults with depression. The review ques-
tions are as follows: (1) What types of technology have 
been used in tracking life-space mobility among people 
with depression? (2) How has the technology been 
used in tracking life-space mobility among people with 
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depression? (3) What are the outcome measurements 
used in tracking life-space mobility among people with 
depression?

This systematic review protocol is designed in accor-
dance with the Preferred Reporting Items for Systematic 
Review and Meta-Analysis Protocols (PRISMA-P).32 This 
guideline is useful because it focuses on ways in which 
authors can ensure transparent and complete reporting 
of systematic reviews and meta-analyses and facilitate the 
development and reporting of systematic review proto-
cols.33 The protocol has been registered with PROS-
PERO (International Prospective Register of Systematic 
Reviews).

Methods and analysis
Design
A systematic review with narrative synthesis will be used 
to search, appraise and synthesise empirical evidence. 
This approach is useful for our purpose because narra-
tive synthesis focuses on a wide range of questions, not 
only those relating to the effectiveness of a particular 
intervention.34

Eligibility criteria
The PICO (patient, intervention, comparison, outcome) 
approach was used to specify eligibility of studies.35

Population
Articles should include adult participants of both genders 
and who have depressive symptoms or are diagnosed with 
depression. Depression is identified by signs and symp-
toms, either self-reported or identified using specific 
assessment instruments such as the Patient Health Ques-
tionnaire-9. Diagnosis should be verified using specific 
diagnostic criteria (eg, Diagnostic and Statistical Manual 
of Mental Disorders, International Classification of 
Diseases). Articles involving a person with anxiety as a 
comorbidity will also be included since there is a high 
prevalence of anxiety as a comorbidity in depression.10 
We will exclude articles where subjects are diagnosed with 
bipolar disorder, schizophrenia, learning disabilities or 
other serious cognitive disorders. Articles involving only 
children or adolescents will also be excluded.

Intervention
All articles that study any type of tracking device will be 
included. Tracking technology can include mobile or 
wireless health devices, which are portable internal and 
wearable sensors used to monitor health.36 Other devices 
can include accelerometers, gyroscopes, vector magne-
tometers, goniometers, piezoelectric, textile pressure 
sensors, electromyography, tilt/bend sensors and the 
global positioning system, which are able to measure the 
type, quantity and quality of daily activity, movement and 
balance.36 Articles on the methods used to track people’s 
movement or activity without the use of technology, such 
as written diaries or questionnaires, will not be included.

Outcomes
The main outcome of the study will be the type of tracking 
device used. The secondary outcomes are how the tech-
nology has been used and the outcome measurements 
used in tracking life-space mobility among people with 
depression.

Study design
Articles using any type of research design will be 
included as long as the study includes any type of 
tracking device.

Other
Articles will be limited to peer-reviewed, published full-
text articles. There will be no restriction with regard to 
language. Theoretical papers, statistical reviews, books or 
book chapters, letters, dissertations, editorials, and study 
protocols will be excluded.

Data sources
A comprehensive literature search with no specific year 
limits will be conducted. The following electronic data-
bases will be searched: MEDLINE (via EBSCOhost), 
Cumulative Index to Nursing and Allied Health Litera-
ture (CINAHL) Complete, PsycINFO, Embase, Cochrane 
Library (academic database for medicine and health 
science and nursing), Scopus, Web of Science (academic 
database across all scientific and technical disciplines, 
ranging from medicine and social sciences to arts and 
humanities),37 Health Technology Assessment Data-
base (database for health technology) and IEEE Xplore 
(academic database for technology and engineering). 
These databases will be used as these allow wide literature 
search in various disciplines that are related to our review 
topic. The reference lists of the selected papers will also 
be screened for additional studies.

Search strategy
The search strategy will be elaborated on and imple-
mented prior to the study selection. We will use the 
PRISMA-P checklist for guidance.32 First, controlled 
vocabulary thesaurus (such as medical subject heading 
terms, CINAHL headings, PsycINFO thesaurus) and 
their keywords will be verified in each database. The 
search terms will be combined using the Boolean oper-
ators “AND” and “OR”. Second, the following string of 
search terms will be used to ensure a broad coverage of 
published studies: (“depression” OR “affective disorder*” 
OR “anxiety” OR “anxiety disorder*” OR “mental health” 
OR “mood disorder*” OR “unipolar” OR “mental 
disorder*“) AND (“tracking” OR “tracking device*” 
OR “tracking technology*” OR “wearable device*” OR 
“wearable sensor*” OR “wearable technology*” OR “tech-
nology*“) AND (“mobility” OR “life space”). Advice on 
using keywords to search for studies will be sought from a 
faculty librarian. An example of a database and the search 
terms used is presented in table 1.

copyright.
 on A

pril 3, 2020 at S
w

ets B
lackw

ell Ltd 00521453. P
rotected by

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2019-034208 on 29 January 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


4 Chung MH, et al. BMJ Open 2020;10:e034208. doi:10.1136/bmjopen-2019-034208

Open access�

Figure 1  PRISMA flow diagram outlining the review process. PRISMA, Preferred Reporting Items for Systematic Review and 
Meta-Analysis Protocols.

Table 1  Example of database and search terms used

Database Search terms References, n

Scopus ((ALL (tracking) OR ALL (“tracking device*”) OR ALL (“tracking technology*”) OR ALL (“wearable 
device*”) OR ALL (“wearable sensor*”) OR ALL (“wearable technology*”) OR ALL (“technology*”))) AND 
((ALL (mobility) OR ALL (“life-space”))) AND ((ALL (depression) OR ALL (“affective disorder*”) OR ALL 
(anxiety) OR ALL (“anxiety disorder*”) OR ALL (“mental health”) OR ALL (“mood disorder*”) OR ALL 
(unipolar) OR ALL (“mental disorder*”)))

Analysis
Data management
EndNote will be used to efficiently manage the retrieved 
records, and will be helpful in documenting the process, 
streamlining document management, and providing 
reference lists from reports and journal papers. EndNote 
will also be used to manage duplicate papers and ensure 
these papers are not treated as separate studies.38

Selection process
The study selection process consists of four steps (figure 1).29 
First, titles and abstracts will be independently assessed 
by two authors (MHC, MV) according to the inclusion 
criteria. Second, the abstract of the papers will be screened 
for relevance and eligibility, again by the same two authors 
(MHC, MV). Third, the full texts of the selected articles will 

be screened by two authors (MHC, MV) according to the 
inclusion and exclusion criteria. In case of any discrepancy 
on decisions made by the two authors, the paper will be 
discussed with another author (SFL). Papers that do not 
meet the inclusion criteria will be rejected, and the reason 
for exclusion (ie, irrelevance or failure to meet the inclu-
sion criteria) will be recorded to increase transparency in 
the selection process. Fourth, the full texts of the studies 
that meet the inclusion criteria will be obtained for further 
detailed assessment. The reference lists of the selected 
papers will also be screened and checked for additional 
papers that meet the inclusion criteria.

Data collection process
To answer the review questions, specific tables will be 
created to collect data from selected papers. Data will be 
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extracted by one author (MHC) and will be reviewed for 
completeness and accuracy by another author (MV).

Data items
Characteristics of the studies and the population
To describe the characteristics of each study, the following 
data will be collected: name(s) of the author(s), year of 
publication, country where the study was conducted, 
purpose of the study, setting, type of study, study design 
and population/sample size (response rate).

Intervention
Details of the tracking technology used will be extracted: 
tracking technology used, characteristics of the tracking 
technology, administrator, length of tracking period and 
possible challenges in using the tracking technology.

Outcomes
The following data related to participants’ daily activity 
and community participation will be collected: specific 
outcomes, instruments used to measure the outcomes, the 
number of items and scoring for the instruments (total 
scale/subscales), and validity and reliability. Further, the 
following data will be extracted to describe participants’ 
daily activity and community participation patterns based 
on the outcome measures used: number of activities per 
day, time of day, type of activity, destination of the activity 
and duration of the activity.

Data extraction
To describe the characteristics of the included studies 
and to answer each review question, data from the 
selected papers will be extracted by one author (MHC) 
and inputted into predesigned tables; the process will be 
validated by MV.

Data synthesis
Initial descriptive synthesis will be conducted by tabu-
lating details on study type, interventions, number of 
participants and an overview of participant characteris-
tics, to form a clear descriptive summary of the included 
studies.38 The descriptive process will be conducted 
explicitly and rigorously, and decisions on how to group 
and tabulate data will be made based on the protocol and 
review questions.

Risk of bias in individual studies
Appraisal of risk or methodological quality of the primary 
studies is an important step in a systematic review as it 
helps decide whether the results of the study are reliable. 
During the review process, studies will be deemed to have 
risk of bias if they fail to make objective decision on study 
design and on the level of quality required.39

The quality of each study will be appraised using the 
Crowe Critical Appraisal Tool (CCAT).

CCAT was designed based on a review of 44 critical 
appraisal tools across all research designs.40 The tool 
consists of eight categories (preliminaries, introduction, 
design, sampling, data collection, ethical matters, results 

and discussion) divided into 22 items, which are further 
divided into 98 item descriptors.40 The combination of 
categories, items and item descriptors allows for a wide 
range of qualitative and quantitative health research to 
be appraised using one tool.40–42 The scoring of the tool 
provides a combination of subjective and objective assess-
ments. Each category is scored from 0 (the lowest score) 
to 5 (the highest score). The total score given to a paper is 
expressed in percentage, dividing the total by 40.

The Cochrane Collaboration’s tool for assessing risk 
of bias in randomised trials will also be used to assess 
the quality of randomised trial articles included in the 
review.43 Each area to be assessed will be rated as ‘low risk’, 
‘high risk’ or ‘unclear risk’ of bias. The overall quality of 
an article using a randomised controlled trial design will 
be rated as ‘good’, ‘fair’ or ‘poor’.

Patient and public involvement
Patients will not be directly involved in the design of this 
study. As this is a protocol for a systematic review and no 
participant recruitment will take place, their involvement 
in the recruitment as well as dissemination of findings to 
participants will not be applicable.

Amendments
Any amendments to this protocol will be documented.

Ethics and dissemination
Because there will be no data collection involving human 
subjects in the actual systematic review, no ethical approval 
will be required. The results will be disseminated in a 
peer-reviewed journal and in a conference presentation.

Planned start and end date
The review is planned to start on 1 December 2019 and 
end on 30 November 2020.

Discussion
The proposed review has a number of strengths. First, 
this systematic review protocol increases the transparency 
of the review process, improves the systematic approach, 
reduces bias and opens the planned steps to reviewers, 
thereby reducing the possibility of data manipulation. 
Second, this review will provide evidence on the use of 
tracking technologies to study the life-space mobility of 
adults with depression and/or anxiety disorder, which 
may provide new opportunities for further studies. Third, 
this review will be the first to combine knowledge on 
existing tracking technology as a tool used to explore the 
life-space mobility of people with depression in real-time 
and real-world urban settings. However, we anticipate 
that there is a large variety of tracking technologies and 
it could be difficult to draw clear conclusions, and will 
thus challenge the implications of the results for clinical 
practice.

In conclusion, this systematic review will provide the 
best example of the use of tracking technologies in 
studying the life-space mobility of adults with depression 
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and/or anxiety disorder. The results of the review will 
inform and guide future studies on describing the life-
space mobility of people with depression in real-time 
and in real-world urban settings in Hong Kong. Further, 
the results will provide insights into rehabilitation 
services and policies tailored to individuals’ concerns 
and needs.
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