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Abstract

Background: The COVID-19 pandemic has resulted in profound mental health impacts among the general population
worldwide. As many in-person mental health resources have been suspended or transitioned to online to support physical
distancing, there have been numerous calls for the rapid expansion of asynchronous virtual mental health (VMH) resources.
These VMH resources have great potential to provide support for people coping with negative mental health impacts associated
with the pandemic; however, literature examining use prior to COVID-19 illustrates that the uptake of these resources is
consistently low.

Objective: The aim of this paper is to examine the use of VMH resources in Canada during the COVID-19 pandemic among the
general public and among a participant sub-group classified as experiencing an adverse mental health impact related to the
pandemic.

Methods: Data from this study are drawn from the first wave of a large multi-wave cross-sectional monitoring survey,
distributed from May 14-29, 2020. Participants (N=3000) were adults living in Canada. Descriptive statistics were used to
characterize the sample and bivariate cross-tabulations were used to examine the relationships between self-reported indicators of
mental health and the use of VMH resources. Univariate and fully adjusted multivariate logistic regression models were used to
examine associations between sociodemographic and health related characteristics and use of VMH resources in the adverse
mental health impact sub-group.

Results: Among the total sample, 2.0% of participants reported accessing VMH resources in the prior two weeks to cope with
stress related to the COVID-19 pandemic, with the highest rates of use among individuals who reported self-harm (10.4%) and
those who reported coping “not well at all” with COVID-19 related stress (10.3%). Within the sub-group of 1954 participants
(65.1% of the total sample) who reported an adverse mental health impact related to COVID-19, 54 (2.8%) reported use of VMH
resources. Individuals were more likely to have used VMH resources if they had reported receiving in-person mental health
supports or connecting virtually with a mental health worker or counsellor or belonged to a visible minority group.

Conclusions: Despite promotion of VMH resources, the use of these resources is low among both the general population and
individuals who may benefit from use of these resources as a means of coping with the adverse mental health impacts of
COVID-19. Further research is needed to improve our understanding of the barriers to the use of these resources among
members of the general population.
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Abstract 

Background: The COVID-19 pandemic has resulted in profound mental health impacts among the
general population worldwide. As many in-person mental health supports have been suspended or
transitioned online to facilitate physical distancing, there have been numerous calls  for the rapid
expansion of asynchronous virtual mental health (AVMH) resources. These AVMH resources have
great potential to provide support for people coping with negative mental health impacts associated
with the pandemic; however, literature examining use prior to COVID-19 illustrates that the uptake
of these resources is consistently low. 

Objective: The aim of this paper is to examine the  use of AVMH resources in Canada during the
COVID-19 pandemic among the general population and among a participant sub-group classified as
experiencing an adverse mental health impact related to the pandemic. 

Methods: Data from this study were drawn from the first wave of a large multi-wave cross-sectional
monitoring survey, distributed from May 14-29, 2020. Participants (N=3,000) were adults living in
Canada. Descriptive statistics were used to characterize the sample and bivariate cross-tabulations
were  used  to  examine  the  relationships  between  the  use  of  AVMH resources  and  self-reported
indicators of mental health that included a range of emotional and coping related responses to the
pandemic.  Univariate  and  fully  adjusted  multivariate  logistic  regression  models  were  used  to
examine associations between sociodemographic and health related characteristics and use of AVMH
resources in the sub-group of participants who reported experiencing one or more adverse mental
health impacts identified in the set of self-reported mental health indicators. 

Results:  Among the total sample, 2.0% of participants reported accessing AVMH resources in the
prior two weeks to cope with stress related to the COVID-19 pandemic, with the highest rates of use
among individuals who reported self-harm (10.4%) and those who reported coping “not well at all”
with COVID-19 related stress (10.3%). Within the sub-group of 1954 participants (65.1% of the total
sample) who reported an adverse mental health impact related to COVID-19, 54 (2.8%) reported use
of AVMH resources. Individuals were more likely to have used AVMH resources if they had reported
receiving in-person mental health supports, were connecting virtually with a mental health worker or
counsellor or belonged to a visible minority group. 

Conclusions:  Despite  substantial  government  investment  into AVMH resources,  the use  of  these
resources is low among both the general population and  individuals who may benefit from use of
these resources as a means of coping with the adverse mental  health impacts of the COVID-19
pandemic. Further research is needed to improve our understanding of the barriers to the use of these
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resources.   

Key words: virtual health; digital health; virtual mental health; mental health; public health; COVID-
19; coping; stress; implementation; utilization 

Introduction

With growing global access to the internet [1], the World Health Organization [2] has identified
digital health as a key health promotion strategy that can “benefit people in a way that is ethical, safe,
secure, reliable, equitable and sustainable” (p. 5). Broadly, digital mental health comprises healthcare
activities that are not carried out in traditional face-to-face format and may include synchronous (i.e.,
real time) video visits with mental health care providers or asynchronous (i.e., not in real time) use of
online self-management skill-building programs [3]. As a core aspect of the growth in digital health,
there has been a recent surge in free, publicly available virtual mental health resources, including
online programs and smartphone applications (apps). In this paper, we use the term asynchronous
virtual mental health (AVMH) resources to refer to any app, website, online tool, or other online
support  that  does  not involve  synchronous  direct  contact  with  a  mental  health  care  provider.
Although  many  of  these  publicly  available  mental  health  apps  and  online  programs  have  been
endorsed by users with generally high ratings and positive review comments [4], most are lacking
direct  scientific  evidence  of  their  effectiveness  [5].  While  not  a  replacement  for  professional
decision-making, AVMH resources nonetheless offer an alternative to in-person engagement with a
mental health clinician, and aim to support people coping with symptoms related to a wide range of
mental health conditions and challenges, including mild to moderate depression and anxiety, trauma,
substance  use,  and other  psychosocial  stressors  [6,7].  While  limited,  the  research  that  has  been
conducted on smartphone and internet based resources has demonstrated that AVMH resources can
be effective in supporting people to manage their  symptoms [8,9] and may reduce the need for
clinical care [6]. 

The coronavirus (COVID-19) pandemic presents a heightened opportunity for AVMH resources to
support  mental  well-being.  The  mental  health  impacts  of  COVID-19  are  profound,  including
significant increases in depression, anxiety, and stress among the general population [10-13]. Public
health measures, such as lockdown and quarantine, are necessary for reducing the spread of the virus,
but are also associated with negative psychological effects [14,15]. Loss of employment, anxiety
about physical health and COVID-19 exposure, and social isolation are additional stressors that can
contribute to poor mental health during the pandemic and beyond [16-18]. Further, researchers have
warned of  a  likely  increase in  self-harm and suicide  related  to  COVID-19 stressors  [19,20].  In
Canada  in  May  of  2020,  many  in-person  mental  health  supports  were  reduced,  suspended,  or
transitioned to online services. This amid numerous reports from researchers around the globe calling
for the rapid expansion of AVMH resources to address the mental health impact of the pandemic [21-
24]. In the context of limited in-person services, AVMH resources represent a scalable means of
promoting coping among those experiencing mental health challenges, including members of the
general population who have not engaged with the mental health system but would likely benefit
from these resources as a means of managing the mental health impacts of the COVID-19 pandemic
[8,9,23]. 

Despite  the  potential  for  AVMH resources  to  support  coping  with  COVID-19  related  stressors,
research suggests that uptake has been consistently low. While research examining AVMH resources
in the context of COVID-19 is still emerging and no Canadian data are currently available, Yao and
colleagues [25] reported results from a survey in China indicating that only 3.7% of respondents
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experiencing high levels of acute stress had used mental health services in any form in the early
months of the COVID-19 outbreak. To our knowledge, few, if any, studies have examined the uptake
of AVMH resources in the COVID-19 context. Prior to COVID-19, uptake and retention have been a
perpetual challenge for AVMH, with many internet-based resources and apps having very low use
among the general population [26,27]. Moreover, use of AVMH resources tends to decline sharply in
the first week following initial use; for example, Baumel and colleagues [28] found that as few as 4%
of users of mental health apps continued to access the resource 15 days after initial installation. 

In  Canada,  various  AVMH programs have  been promoted  to  support  individuals’ mental  health
during  the  COVID-19 pandemic,  including BounceBack® [29],  Wellness  Together  Canada [30],
WellCan [31], and MindBeacon [32]. Free and available to the public, these resources hold promise
for improving mental health and well-being at a time when in-person services are reduced and travel
for services is limited, particularly for individuals in rural and remote areas. While a digital divide
persists, particularly among low income and rural populations [33], internet access is widespread in
Canada,  supporting  the  uptake  of  AVMH resources.  In  2018,  94% of  Canadians  reported  home
internet  access,  and 88% of internet  users have a smartphone [34].  AVMH resources have great
potential to promote mental health and coping with stressors during the COVID-19 pandemic, given
their demonstrated efficacy in supporting individuals’ self-management of a variety of mental health
challenges [8,35]; however little is known about the uptake of these resources among the general
public in Canada in the pandemic context. Further, as mentioned, the global evidence on the use of
similar virtual resources remains extremely limited. The aim of this investigation is to examine the
use  of  AVMH resources  during  COVID-19 among  the  general  population  in  Canada  to  inform
intervention research, development, and refinement of asynchronous virtual public health solutions
related to mental health service delivery.  

Methods

Data  for  this  analysis  were  drawn  from  the  first  wave  of  a  large  multi-wave  cross-sectional
monitoring survey, “Assessing the Impacts of COVID-19 on Mental Health”. This study utilizes a
nationally  representative  sample  of  people  aged  18  and  over  living  in  Canada  with  the  aim to
examine mental health, stress, and coping during the COVID-19 pandemic. This project involves a
unique partnership between academic researchers and two not-for-profit mental health organizations:
The Canadian Mental Health Association (CMHA) and the Mental Health Foundation in the United
Kingdom.  Survey  items  were  largely  drawn  from  a  repeated  cross-sectional  survey  first
commissioned by the Mental  Health Foundation for  COVID-19. Adaptations  were made for  the
Canadian context. 

Data Collection

Wave 1 of the survey was distributed from May 14-29, 2020 by Maru/Matchbox, a national polling
vendor that maintains the online Maru Voice Panel of 125,000 Canadian adults. Members of the
panel were randomly invited to participate in the survey from national census informed stratifications
defined  by  sociodemographic  characteristics  (age,  gender,  household  income  and  region),  with
adjustments for response propensity. Maru/Matchbox utilized target sampling to ensure inclusion of
populations  that  may be difficult  to  reach via  the  internet,  including older  adults  and racialized
populations. In total, 3,558 participants were invited by email to complete the survey to yield a total
of 3,000 respondents (84% invitation-to-response rate).  The survey was available in English and
French, Canada’s two official languages. The data collection time period was chosen to correspond
with the beginning phases of “re-opening” in many of Canada’s provinces and territories, following
approximately two months of public health orders that resulted in closures and physical distancing
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after COVID-19 was declared a pandemic by the World Health Organization on March 11, 2020
[36]. Additional details on the survey development and implementation have recently been published
[13].  

Measures and Analysis

Participants reported on their sociodemographic information as well as their mental health during the
COVID-19 pandemic. Participants were asked to rate their mental health now compared to before the
COVID-19 pandemic and related restrictions. Participants also reported on their overall coping and
emotional responses to the COVID-19 pandemic in the past 2 weeks, including feeling depressed,
stressed,  hopeless,  and  anxious.  Finally,  participants  reported  if  they  had  experienced  suicidal
thoughts/feelings or deliberate self-harm as a result of the COVID-19 pandemic in the past 2 weeks.
These indicators were informed by research on previous pandemics with further refinement carried
out via a citizen’s jury participatory methodology process involving people with lived experience of
mental health conditions [37].

To assess the use of AVMH resources during COVID-19, participants responded to the survey item,
“Which of the following have helped you cope with stress related to the COVID-19 pandemic in the
past 2 weeks?” Participants were asked to select all that apply from a checklist of items that included
three  mental  health  strategies:  “Accessing  virtual  mental  health  resources  (e.g.  online  cognitive
behavioural therapy, etc.”); “Connecting with a mental health worker or counsellor virtually (e.g. via
phone, video chat, etc.)” and “Receiving in-person mental health supports”. Study participants who
endorsed “Accessing virtual mental health resources (e.g. online cognitive behavioural therapy, etc.)”
were classified as having used AVMH resources for this investigation.   

Descriptive statistics were used to characterize the sample and bivariate cross-tabulations were used
to examine the relationships between self-reported indicators of mental health and the use of AVMH
resources. Any participant who reported experiencing a negative impact of the pandemic on one or
more of the self-reported mental health indictors was classified as experiencing an adverse mental
health impact. The sub-group of participants who reported experiencing an adverse mental health
impact  included  participants who  reported  that  their  mental  health  was  now  slightly  worse or
significantly  worse compared to  before the  COVID-19 pandemic;  participants who indicated  that
their level of coping with the stress of the COVID-19 pandemic was Not very well or Not well at all;
and participants who reported feeling panicked, anxious or worried, hopeless, stressed, or depressed
as  a  result  of  the  COVID-19  pandemic.  Additionally,  respondents  who
reported Experiencing suicidal thoughts/feelings as a result of the COVID-19 pandemic in the past
2  weeks  and  those  who  reported deliberately  hurting  themselves as  a  result  of  the  COVID-19
pandemic in the past 2 weeks were also classified as experiencing an adverse mental health impact.
Univariate and fully adjusted multivariate logistic regression models were then used to examine the
associations  between  a  set  of  a  priori  specified  sociodemographic  and  health related
characteristics and use of AVMH resources in the sub-group of participants classified as experiencing
an adverse mental health impact.

Ethics

Ethical  approval  for  this  study  was  provided  by the  Behavioural  Research  Ethics  Board  at  the
University of British Columbia (H20-01273). Participants provided consent online prior to beginning
the survey. Maru/Matchbox provided all participants with a small honorarium for completing the
survey. 
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Results

The  sample  was  comprised  of  3,000  participants  with  more  detailed  socio-demographic
characteristics presented in Table 1.  

Table 1: Socio-demographic characteristics of the sample

Total respondents (%)c

N=3000
Gendera Male 1467 (48.9)

Female 1533 (51.1)
Age group (years) Youth (18-24) 62 (2.1)

Adult (25-64) 2145 (71.5)
Senior (65 plus) 793 (26.4)

Household income, CAD <$25,000 234 (7.8)
$25,000-$50,000 504 (16.8)
$50,000-$100,000 992 (33.1)
$100,000+ 1270 (42.3)

Education High school or less 431 (14.4)
Some university or college 1139 (38.0)
University  or  college  degree  (diploma,
undergraduate, and/or graduate degree)

1430 (47.7)

Employment  (multiple
responses permitted)

Working full time (30 or more hours per week) 1225 (40.8)

Working  part  time  (fewer  than  30  hours  per
week)

286 (9.5)

Retired 882 (29.4)
Full  time  student  (e.g.  school,  college,
university, job training)

50 (1.7)

Part  time  student  (e.g.  school,  college,
university, job training)

16 (0.5)

Unemployed (due to COVID-19) 284 (9.5)
Unemployed (prior to COVID-19) 103 (3.4)

Ethnic minorityb Not a visible minority 2128 (70.9)
Visible minority 389 (13.0)
Indigenous (e.g. First Nations, Inuit, Métis) 87 (2.9)

Province BC/Territories 440 (14.7)
Alberta 333 (11.1)
Ontario 1140 (38.0)
Quebec 658 (21.9)
Manitoba/Saskatchewan 194 (6.5)
Atlantic Provinces 235 (7.8)

Urban/Rural Urban 2516 (83.9)
Rural 484 (16.1)

Self-reported prior  mental
health condition

Yes 546 (18.2)

Accessed  virtual  mental
health  resources  (past  2
weeks)

Yes 59 (2.0)

a  Maru/Matchbox, the polling vendor that distributed this survey, provides demographic data for each panel member
collected prior to survey completion. Though this binary variable was used in this analysis, the research team recognizes
that binary gender identities do not accurately reflect many individuals’ self-identified gender. 
b Visible minority and not a visible minority categories were constructed by the research team based on participants’ self-
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reported ethnicity (e.g. South Asian, Middle Eastern, European origins).
c Note that some category percentages do not add up to 100 due to missing responses.   

Among the total sample, 59 participants (2.0%) reported accessing AVMH resources in the prior two
weeks to cope with stress related to the COVID-19 pandemic. Table 2 presents rates of self-reported
AVMH resource use or non-use across various self-reported mental health indicators. The highest
rate of access was among individuals who reported having deliberately hurt themselves (10.4%),
those who reported coping “not well at all” with stress related to the COVID-19 pandemic (10.3%),
those  who  experienced  suicidal  thoughts/feelings  (8.0%),  and  those  who  reported  having
“significantly worse” mental health compared to before the COVID-19 pandemic (7.2%). There was
also  significant  overlap  across  these  sub-groups  in  that  74.3%  of  participants  who  reported
experiencing suicidal thoughts/feelings and 54.2% of participants who reported deliberately hurting
themselves also reported having worse mental health now compared to before the pandemic. Though
higher  than  the  sample  average,  accessing  AVMH  resources  remained  low  among  those  who
experienced  negative  emotions  related  to  COVID-19,  including  individuals  who  felt:  hopeless
(4.5%), depressed (4.3%), panicked (4.3%), stressed (2.9%), and anxious (2.8%). 
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Table 2: Accessing AVMH resources across indicators of self-reported mental health impact
Accessing asynchronous virtual mental

health (AVMH) resources 
Mental health indicator Used AVMH

resource
n (%)

Did not use
AVMH
resource

n (%)

Total
n (%)

Compared to before the COVID-
19  pandemic  and  related
restrictions  in  Canada,  how
would  you  say  your  mental
health is now? **

About  the  same  or
better

19 (1.0) 1855 (99.0) 1874 (100)

Worse 40 (3.6) 1081 (96.4) 1121 (100)

Overall, how well do you think
you  are  coping  with  stress
related to COVID-19 pandemic?
**

Fairly or very well 36 (1.5) 2403 (98.5) 2439 (100)
Not well 22 (5.5) 378 (94.5) 400 (100)

Felt  panicked  as  a  result  of
COVID-19 pandemic in the past
2 weeks *

Yes 10 (4.3) 221 (95.7) 231 (100)
No 49 (1.8) 2720 (98.2) 2769 (100)

Felt  anxious  or  worried  as  a
result of COVID-19 pandemic in
the past 2 weeks **

Yes 38 (2.8) 1323 (97.2) 1361 (100)
No 21 (1.3) 1618 (98.7) 1639 (100)

Felt  hopeless  as  a  result  of
COVID-19 pandemic in the past
2 weeks **

Yes 16 (4.5) 337 (95.5) 353 (100)
No 43 (1.6) 2604 (98.4) 2647 (100)

Felt  stressed  as  a  result  of
COVID-19 pandemic in the past
2 weeks**

Yes 32 (2.9) 1071 (97.1) 1103 (100)
No 27 (1.4) 1870 (98.6) 1897 (100)

Felt  depressed  as  a  result  of
COVID-19 pandemic in the past
2 weeks **

Yes 29 (4.3) 647 (95.7) 676 (100)
No 30 (1.3) 2294 (98.7) 2324 (100)

Experienced  suicidal
thoughts/feelings  in  the  past  2
weeks** 

Yes 14 (8) 162 (92) 176 (100)
No 43 (1.5) 2749 (98.5) 2792 (100)

Deliberately  hurt  myself  in  the
past 2 weeks ** 

Yes 5 (10.4) 43 (89.6) 48 (100)
No 52 (1.8) 2884 (98.2) 2936 (100)

* p<0.05, ** p<0.01 based on Chi-squared analyses or Exact test  (Fischer’s  or Fisher-Freeman-
Halton)

To  identify  sociodemographic  and  health related  characteristics associated with  reported use
of AVMH  resources,  a  sub-group  was  created  that  contained  any  participant  who  reported
experiencing one or more adverse mental health impact on the mental health indicators listed in
Table 2. This sub-group consisted of 1,954 participants of which 54 (2.8%) reported use of AVMH
resources.  Table  3  presents  results  of  a  multivariate  logistic  regression  model  examining  the
association between sociodemographic characteristics and the use of AVMH resources within this
sub-sample  of  participants  who reported  adverse  mental  health  outcomes due  to  the  COVID-19
pandemic.  

Results  of the fully adjusted multivariate logistic regression model indicate that, among the sub-
sample who reported adverse mental health impacts due to COVID-19, those who reported receiving
in-person mental health supports or connecting virtually with a mental health worker or counsellor
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were significantly more likely to report accessing AVMH resources (Odds Ratio (OR) 6.05, 95%
Confidence Interval (CI) 1.35-27.17 and OR 8.96, 95% CI 4.36-18.42, respectively). Additionally,
individuals  belonging  to  visible  minority  groups  were  more  likely  to  report  accessing  AVMH
resources (OR 3.79, 95% CI 1.83-7.86). 

Table 3: Results of univariate and fully adjusted multivariate logistic regression models examining
the association between use of asynchronous virtual mental health resources and sociodemographic
characteristics  among  participants  who  reported  adverse  mental  health  impacts  related  to  the
COVID-19 pandemic (n=1954)

Unadjusted
Odds Ratio

95% Confidence
Interval for

Unadjusted Odds
Ratio

Adjusted
Odds Ratio

95% Confidence
Interval for Adjusted

Odds Ratio

Lower Upper Lower Upper

Age group: Youth (ref)

Age group: Adult .70 .16 2.96 1.13 .24 5.44

Age group: Senior .27 .05 1.41 .31 .04 2.67

Gender: Female 1.23 .71 2.14 1.38 .70 2.74

LGTB2+: Yes 2.09 .97 4.52 1.42 .58 3.50

Income: $100k plus (ref)

Income: <$25k 1.49 .59 3.78 .63 .17 2.32

Income: $25k-$50k 1.33 .61 2.87 .84 .31 2.25

Income: $50k-$100k 1.16 .61 2.21 1.01 .48 2.10

Visible minority: No (ref)

Visible minority: Yes 3.59 1.95 6.61 3.79** 1.83 7.86

Visible  minority:
Indigenous

1.79 .42 7.73 1.69 .35 8.28

Urban or Rural: Rural .69 .29 1.63 1.08 .39 3.04

Highest  level  of
education  completed:
University (ref)

Highest  level  of
education  completed:
High school or less

.41 .12 1.36 .52 .14 1.98

Highest  level  of
education  completed:
Some  university  or
college

1.07 .61 1.87 1.01 .50 2.03

Disability: Yes 1.75 .86 3.52 1.38 .54 3.53

Pre-existing mental health 2.97** 1.72 5.12 1.69 .80 3.58

https://preprints.jmir.org/preprint/24868 [unpublished, peer-reviewed preprint]



JMIR Preprints Richardson et al

condition: Yes

Receiving  in-person
mental  health  supports:
Yes

11.61** 3.66 36.87 6.05* 1.35 27.17

Connecting with a mental
health  worker  or
counsellor  virtually  (e.g.
via  phone,  video  chat,
etc.): Yes

12.19** 6.68 22.24 8.96** 4.36 18.42

* p<0.05, ** p<0.01

Discussion

Principal Findings

Findings from this study illustrate that the reported uptake of AVMH resources was extremely low
(2.0%) among the general  population  in  Canada in  the  context  of  the first  three months  of  the
COVID-19 pandemic. A similarly low level of use (2.8%) was reported among the sub-group of
participants who reported an adverse mental health impact related to COVID-19. While utilization of
these resources was higher among particular groups experiencing mental health challenges as a result
of the pandemic, including those who had engaged in self-harm behaviours, experienced suicidal
thoughts,  or  reported  poor  coping,  uptake  remained  low  even  among  these  groups.  While
representing a different national context for mental health care, these findings are consistent with Yao
and colleagues’ [25] report of very low use of any mental health services among adults in China
experiencing high levels of acute stress during COVID-19. Despite evidence indicating efficacy of
select resources [38,39], promotion of existing AVMH resources [e.g. 40], and numerous calls for the
expansion of  these resources  among researchers  and public  health  officials,  there  is  a  dearth  of
evidence regarding the uptake of AVMH resources among the general public and population sub-
groups experiencing adverse mental health impacts during the current pandemic. This study is among
the first to present data regarding the extent to which members of the general public report accessing
AVMH resources during the COVID-19 pandemic, while also examining access among a sub-group
of individuals experiencing adverse mental health impacts related to the pandemic. In this section,
we discuss key findings from this study: the low uptake of AVMH resources within the sample,
higher use among the visible ethnic minority subgroup and those who accessed other forms of mental
health support, and limited use of AVMH resources among those who endorsed self-harm or suicidal
thoughts. 

COVID-19  has  presented  unexpected  and  significant  stressors  that  have  been  demonstrated  to
negatively impact mental health worldwide [10,12]. While for some individuals, the mental health
impacts are considerable, including post-traumatic stress disorder, self-harm, and suicidal ideation
[20,41], most people will experience mild to moderate symptoms of stress, anxiety, and low mood
[11,42,43].  Such  sub-clinical  symptoms  have  been  shown  to  be  particularly  responsive  to  self-
directed mental health interventions, including virtual resources [44]. Research also indicates that
accessing internet-based cognitive behavioral therapy for depression is associated with reductions in
suicidal ideation [45] suggesting that use of AVMH resources can also contribute to reductions in
these  adverse  mental  health  experiences.  In  the  context  of  COVID-19  public  health  measures,
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including lockdown and physical distancing, mental health apps and online programs are particularly
important public resources that are free or low cost, widely available, and can support mental health
without  additional  risks  for  spreading  the  virus.  However,  research  demonstrates  that  prior  to
COVID-19, uptake of AVMH resources was consistently low [26,28]. Our findings illustrate that
despite  the  increased  value  of  virtual  supports  during  the  pandemic  and  promotion  of  AVMH
resources in Canada, use of these resources remains extremely limited within the general population.
Concerningly, use remains low (<10.5%) among population sub-groups who would appear to benefit
from their  use,  including those experiencing suicidal  thoughts,  anxiety,  hopelessness,  stress,  and
depression related to COVID-19. While many companies and organizations are producing AVMH
resources, there is an expectation of ‘build it and they will come’, but that does not appear to be the
case. 

Previous literature on the challenges of AVMH resources sheds light on potential reasons for poor
uptake in the context of COVID-19. Many users have reported technological issues that hinder the
usability of the apps, including poor speed or stability of their internet connection [46]. Additionally,
potential  users  may be  deterred  by  privacy and confidentiality  concerns  [6,47]  or  by  a  lack  of
comfort and familiarity with the internet and smartphone devices, such as among older adults [48].
While  the  AVMH resources  promoted  by governments  and  public  health  officials  in  Canada  to
support mental health during COVID-19 are evidence-based and reputable, many apps advertised
online or through app stores are not grounded in evidence or validated through research and may not
actually be effective for managing mental health challenges [6,22]. Further research is needed that
examines  the  barriers  to  widespread uptake  of  AVMH resources,  particularly  among individuals
experiencing  mental  health  impacts  due  to  the  COVID-19  pandemic.  Such  research  can  guide
refinement  of  existing AVMH resources  and promotion strategies for these resources  among the
general public and those experiencing mental health challenges. 

In addition to presenting findings on accessing of virtual mental health supports among the general
population, findings from this study illustrate that a higher proportion of particular population sub-
groups reported using these resources. We found that belonging to a visible minority ethnic group
was associated with an increased likelihood of accessing AVMH resources, even after adjusting for
age, income, and education. A potential factor in increased use among these populations may be
heightened stigma toward mental health challenges within certain cultures. For example,  cultural
values held by some individuals of Asian descent have contributed to higher stigma about mental
health challenges, and reduced help-seeking for in-person mental health supports [49,50]. Research
has  further  suggested  that  while  individuals  of  Asian  descent  may  have  lower  help-seeking  for
mental health challenges overall, there is evidence of an increased preference among Asian American
college  students  (compared  to  Caucasian  students)  for  online  only  supports  versus  face-to-face
services  [51].  It  is  possible  that  the  anonymity  of  virtual  mental  health  supports  may  therefore
facilitate increased use among particular visible minority populations, as a preferred alternative to
seeking one-on-one or group support from a mental health clinician. 

Additionally, individuals who were either receiving in-person mental health supports or connecting
virtually with a mental health worker or counsellor were significantly more likely to report having
accessed  AVMH supports.  This  suggests  that  those  who  seek  support  may  be  motivated  to  try
multiple strategies for supporting their own mental health, or that mental health clinicians may be
directing  clients  toward  AVMH  resources  to  augment  individual  therapy.  Previous  literature
demonstrates that integrating the use of virtual resources with other forms of mental health care, such
as discussing trends from a mental health app with a clinician during an in-person appointment, can
lead to improved outcomes [52]. As such, enhancing clinicians’ awareness of AVMH resources and
providing training specifically for clinicians on how to integrate these resources into mental health
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care,  may  increase  uptake  among  individuals  who  may  benefit  from the  support  they  provide.
Research has further demonstrated that while most users do not sustain engagement after initial sign-
up [27], supports built into the system to facilitate engagement can be effective. Specifically, uptake
and retention are significantly higher among users of AVMH resources that receive peer support [27],
and  automated  conversational  agents  such as  ‘chatbots’ have  been shown to  effectively  support
sustained engagement [53]. While clinician and peer support may be logistically challenging and
costly, Burger and colleagues [54] note that current AVMH resources “do not get close to the full
technological potential of e-mental health” (p. 18) and that enhancing the available features of these
resources may lead to greater uptake and retention of users. 

While  AVMH  resources  were  under-utilized  across  the  entire  sample,  including  among  those
experiencing mental health challenges, particularly concerning was the relatively low uptake among
those who had deliberately self-harmed or had suicidal  thoughts/feelings in  the past two weeks.
While specific AVMH resources related to suicide are fewer compared to those addressing mental
health challenges such as low mood and anxiety [55],  many resources address a broad range of
mental health concerns that may underlie self-harm or suicidal ideation. Although a recent systematic
review  and  meta-analysis  concluded  that  internet-based  interventions  directly  targeting  suicidal
ideation using cognitive behavioral therapy represent a promising means of providing low-threshold
support to address suicidal ideation [56], researchers have suggested that AVMH resources may not
represent the most appropriate form of mental health support for individuals with this experience
given the severity of symptoms and degree of risk involved [57]. Despite relatively low uptake, use
of  mental  health  resources  among  individuals  who  reported  self-harm or  suicidal  ideation  was
significantly higher  compared to  the general  population,  suggesting a  desire  for  seeking support
among this population. As Frost & Casey [58] suggest, utilizing virtual resources may be a critical
steppingstone toward engaging in more intensive in-person clinical support. 

Limitations

The sampling approach used in this study aimed to generate a large nationally representative sample
of individuals living in Canada. The representativeness of the sample was supported in that results
from the 2016 Canadian census [59] indicate that 77.7% of the population did not belong to a visible
minority  (versus  70.9% in  our  sample),  and  that  18.7% of  the  population  was  considered  rural
(versus 16.1% in our sample).  In terms of  household income,  57.7% of individuals  reported an
annual household income that was less $100,000, which is consistent with recent data from Statistics
Canada indicating that the average household income in Canada in 2017 was $93,300 [60]. However,
while the sample was representative in these ways, there are other ways in which it did not reflect the
overall population of Canada. For example, because it was an online survey, only individuals with
internet access were able to participate. Individuals who were unable to afford the cost of internet
service or equipment, or those living in rural ‘blackout zones’ are therefore not represented in our
sample [34,62]. As such, the actual use of AVMH resources among the general population may be
even lower than reflected in our findings. 

The indicators of mental health used in the survey did not include clinical assessments of mental
illness nor did it include pre-pandemic measures of baseline mental health. However, as noted in the
description  of  study  methods,  the  selection  of  items  was  informed  by  research  on  previous
pandemics and the items were refined in consultation with people with lived experience of mental
health  conditions  through  a  citizen’s  jury  participatory  methodology  process  [37].  Additionally,
accessing AVMH resources  was assessed  in  this  survey through a  single  item measure.  We are
therefore  unable  to  present  data  on  which  AVMH  resources  were  used  (e.g.,  websites,  apps,
podcasts), participants’ perceptions of the effectiveness of the resources, length of use, or why they
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may have stopped using these resources. Additionally, our survey asked participants about accessing
AVMH resources to cope with COVID-19 stress and may not have captured use of these resources
for other reasons, such as to help manage other mental health challenges. To further examine the use
of  AVMH resources  among people living  in  Canada,  we have expanded our  survey content  for
subsequent waves of data collection to add further depth and nuance to the results presented in this
investigation. It is also important to note that the cross-sectional design of this study prevents us
from making causal conclusions. However, we will be conducting future waves of data collection
over the course of the pandemic which will help address this limitation. 

Comparison with Prior Work

While  multiple  researchers  have  highlighted  the  importance  of  virtual  resources  to  address  the
significant mental health impacts of the COVID-19 pandemic, there remains a paucity of data on
their use, uptake, and retention. However, previous research suggests that these resources may be
under-utilized [28], and emerging data within the COVID-19 context suggests low uptake among
acutely stressed members of the general population [25].  Our examination of the use of AVMH
resources related to COVID-19 stressors among people living in Canada is one of the first to provide
empirical  evidence on trends  in  accessing AVMH resources  among the general  population,  with
particular attention to their uptake among people experiencing adverse mental health impacts related
to the current COVID-19 pandemic. Our analysis illustrates that not only is overall use of AVMH
resources low, but use remains low even among individuals who would be predicted to benefit from
these  resources,  such  as  individuals  experiencing  negative  emotions  (e.g.,  anxiety)  related  to
COVID-19 and individuals experiencing worsening mental health and difficulty coping. 

Conclusions

AVMH resources hold great promise to support mental well-being during the COVID-19 pandemic
through supporting individuals in coping with stressors and the negative mental health impacts of the
pandemic. However, despite efforts to promote AVMH resources within Canada, results from this
study suggest that many individuals who may benefit from these resources are not accessing them to
help manage mental health challenges. Further research that examines the barriers and facilitators to
AVMH resource use is needed to enhance uptake and impact. 

Acknowledgments 

Thank you to the CMHA and Mental Health Foundation for supporting this monitoring study. We are
grateful to CMHA for funding Maru/Matchbox to deploy the survey. Special  thanks to Jonathan
Morris,  Katherine Janson, Andrew Galley and Margaret Eaton (CMHA) for assisting with study
communications and government relations outreach and to Neesha Mathew and Jacqueline Campbell
(Maru/Matchbox)  for  managing survey  deployment  and data  preparation.  EJ  and AG both  hold
Scholar Awards from the Michael Smith Foundation for Health Research, which has supported their
time contributions to the study.

Conflicts of Interest

CR reports receiving personal fees from the University of British Columbia during the conduct of
this study. All other authors report no competing interests. 

https://preprints.jmir.org/preprint/24868 [unpublished, peer-reviewed preprint]



JMIR Preprints Richardson et al

Role of Funding Source

The CMHA funded Maru/Matchbox data collection and JM (employed by CMHA) contributed to the
development of survey content. CMHA had no further role in study design, data collection, data
analysis, or interpretation. 

Abbreviations

AVMH: asynchronous virtual mental health
COVID-19: coronavirus 2019

https://preprints.jmir.org/preprint/24868 [unpublished, peer-reviewed preprint]



JMIR Preprints Richardson et al

References

1. The  World  Bank.  Individuals  using  the  internet  (%  of  population).
https://data.worldbank.org/indicator/IT.NET.USER.ZS?end=2018&start=1990 

2. World  Health  Organization.  Draft  global  strategy  on  digital  health  2020-2025.
https://www.who.int/health-topics/digital-health

3. McGrail KM, Ahuja MA, Leaver CA.Virtual visits and patient-centered care: results of a patient
survey and observational study. Journal Of Medical Internet Research. 2017;19(5): 1–12. https://
doi.org/10.2196/jmir.7374

4. Alqahtani  F,  Orji  R.  Insights  from  user  reviews  to  improve  mental  health  apps.  Health
Informatics Journal. 2020;26(3). doi:10.1177/1460458219896492.

5. Neary M, Schueller SM. State of the field of mental health apps.  Cogn Behav Pract.  2018; 25:
531-537. doi:10.1016/j.cbpra.2018.01.002

6. Miralles  I,  Granell  C,  Díaz-Sanahuja  L et  al.  Smartphone  apps  for  the  treatment  of  mental
disorders: systematic review. J Med Internet Res. 2020; 8(4): e14897. doi:10.2196/14897

7. Radovic  A,  Vona  PL,  Santostefano  AM  et  al.  Smartphone  applications  for  mental  health.
Cyberpsychol Behav Soc Netw. 2016; 19(7): 465-470. doi: 10.1089/cyber.2015.0619

8. Andersson G, Carlbring P, Titov N et al. Internet interventions for adults with anxiety and mood
disorders: a narrative umbrella review of recent meta-analyses.  Can J Psychiatry.  2019; 64(7):
465-470. doi:10.1177/0706743719839381

9. Firth J, Torous J, Nicholas J et al. The efficacy of smartphone-based mental health interventions
for  depressive symptoms:  a  meta-analysis  of  randomized controlled  trials.  World  Psychiatry.
2017; 16; 287-298. doi:10.1002/wps.20472

10. Salari N, Hosseinian-Far A, Jalali R. Prevalence of stress, anxiety, depression among the general
population  during  the  COVID-19  pandemic:  a  systematic  review  and  meta-analysis.  Glob
Health. 2020; 16: Article 57. doi:10.1186/s12992-020-00589-w

11. Vindegaard  N,  Eriksen  Benros  M.  COVID-19  pandemic  and  mental  health  consequences:
systematic  review  of  the  current  evidence.  J  Occup  Environ  Med. 2020.
doi:10.1016/j.bbi.2020.05.048

12. Xiong J, Lipsitz O, Nasri F et al. Impact of COVID-19 pandemic on mental health in the general
population:  a  systematic  review.  J  Affect  Disord.  2020;277(July):55–64.
https://doi.org/10.1016/j.jad.2020.08.001

13. Jenkins E, McAuliffe C, Hirani S et al. (Forthcoming). A portrait of the early and differential
mental health impacts of the COVID-19 pandemic in Canada: findings from the first wave of a
nationally representative cross-sectional survey. Prev Med.

14. Brooks SK, Webster RK, Smith LE. The psychological impact of quarantine and how to reduce
it:  rapid  review  of  the  evidence.  Lancet.  2020;  395(10227):  912-920.  doi:10.1016/S0140-
6736(20)30460-8

15. Luo X, Estill J, Wang Q.  The psychological impact of quarantine on coronavirus disease 2019
(COVID-19). Psych Res. 2020; 17(9): 3165. doi:10.3390/ijerph17093165

16. Newby JM, O’Moore K, Tang S et  al.  Acute mental health responses during the COVID-19
pandemic in Australia. PLoS One. 2020; 15(7): e0236562. doi:10.1371/journal.pone.0236562

17. Palgi Y, Shrira A, Ring L et al. The loneliness pandemic: loneliness and other concomitants of
depression, anxiety and their comorbidity during the COVID-19 outbreak. J Affect Disord. 2020;
275; 109-111. doi:10.1016/j.jad.2020.06.036

18. Wilson JM, Lee J, Fitzgerald HN et al. Job insecurity and financial concern during the COVID-
19 pandemic are associated with worse mental health. J Occup Environ Med. 2020; 62(9); 686-
691. doi: 10.1097/JOM.0000000000001962

19. Kawohl W, Nordt C. COVID-19, unemployment, and suicide. Lancet Psychiat. 2020; 7(5), 389-
390. doi:10.1016/S2215-0366(20)30141-3

https://preprints.jmir.org/preprint/24868 [unpublished, peer-reviewed preprint]



JMIR Preprints Richardson et al

20. McIntyre RS, Lee Y. Projected increases in suicide in Canada as a consequence of COVID-19.
Psych Res. 2020; 290: 113104. doi:10.1016/j.psychres.2020.113104

21. Gaebel W, Stricker J. Letter to the editor: e-mental health options in the COVID-19 pandemic
and beyond. Psychiatry Clin Neurosci. 2020; 74(8): 441-442. doi:10.1111/pcn.13079

22. Marshall JM, Dunstan DA, Bartik W. The role of digital mental health resources to treat trauma
symptoms  in  Australia  during  COVID-19.  Psychol  Trauma.  2020;  12(S1):  S269-S271.
doi:10.1037/tra0000627

23. Wind TR, Rijkeboer M, Andersson G et al.   The COVID-19 pandemic: the ‘black swan’ for
mental  health  care  and  a  turning  point  for  e-health.  Internet  Interv.  2020;  20:  100317.
doi:10.1016/j.invent.2020.100317

24. Zhou X, Snoswell CL, Harding LE et al.  The role of telehealth in reducing the mental health
burden from COVID-19. Telemed E-Health. 2020; 26(4): 377-379. doi:10.1089/tmj.2020.0068

25. Yao H. Letter to the editor: rethinking online mental health services in China during the COVID-
19 pandemic. Asian J Psychiatr. 2020; 50: 102015. doi:10.1016/j.ajp.2020.102015

26. Fleming T, Bavin L, Lucassen M et al. Beyond the trial: systematic review of real-world uptake
and engagement with digital self-help interventions for depression, low mood, or anxiety. J Med
Internet Res. 2018; 20(6): e199. doi:10.2196/jmir.9275. 

27. Kohl LFM, Crutzen R, de Vries NK. Online prevention aimed at lifestyle behaviors: a systematic
review of reviews. J Med Internet Res. 2013; 15(7): e146. doi:10.2196/jmir/2665.

28. Baumel  A,  Muench  F,  Edan  S  et  al.  Objective  user  engagement  with  mental  health  apps:
systematic  search and panel-based usage analysis.  J Med Internet  Res.  2019;  21(9):  e14567.
doi:10.2196/14567. 

29. Canadian  Mental  Health  Association  British  Columbia.  2019.  BounceBack.
https://bouncebackbc.ca/

30. Wellness Together Canada. n.d. Wellness Together Canada. https://ca.portal.gs/
31. Morneau Shepell. 2020. WellCan. https://wellcan.ca/
32. CNW Group Ltd. 2020. Health tech innovator MindBeacon works with province of Ontario to

help  people  overcome  mental  health  impact  of  the  COVID-19  crisis.
https://www.newswire.ca/news-releases/health-tech-innovator-mindbeacon-works-with-province-
of-ontario-to-help-people-overcome-mental-health-impact-of-the-covid-19-crisis-
885266748.html

33. Stewart  B.  How  COVID-19  worsens  Canada’s  digital  divide.  CBC  News.  2020;  Sep  23.
https://www.cbc.ca/news/canada/british-columbia/covid-19-highlights-urban-rural-digital-divide-
1.5734167

34. Statistics  Canada.  2019.  Canadian  internet  use  survey.  https://www150.statcan.gc.ca/n1/daily-
quotidien/191029/dq191029a-eng.htm 

35. Lattie  EG,  Adkins  EC,  Winquist  N et  al.  Digital  mental  health  interventions  for  depression,
anxiety,  and  enhancement  of  psychological  well-being  among  college  students:  systematic
review. J Med Internet Res. 2019; 21(7):e12869. doi:10.2196/12869

36. Vogel L. COVID-19: a timeline of Canada’s first-wave response. CMAJ News. 2020; Jun 12.
https://cmajnews.com/2020/06/12/coronavirus-1095847

37. Kousoulis A, McDaid S, Crepaz-Keay D et al. The COVID-19 pandemic, financial inequality
and  mental  health.  UK:  Mental  Health  Foundation;  2020.
https://www.mentalhealth.org.uk/sites/default/files/MHF-covid-19-inequality-mental-health-
briefing.pdf

38. Canadian  Mental  Health  Association  British  Columbia.  Annual  report  2018-2019.  2019.
https://cmha.bc.ca/wp-content/uploads/2019/10/CMHABC_AnnualReport_2018-19_WEB.pdf

39. Farvolden  P.  BEACON  beta  trial  confirms  effectiveness.  2020.
https://www.mindbeacon.com/insights-for-leaders/beacon-beta-trial-confirms-effectiveness  

40. Health Canada. Government of Canada connects Canadians with mental wellness supports during

https://preprints.jmir.org/preprint/24868 [unpublished, peer-reviewed preprint]



JMIR Preprints Richardson et al

COVID-19. 2020 April 15. https://www.canada.ca/en/health-canada/news/2020/04/government-
of-canada-connects-canadians-with-mental-wellness-supports-during-covid-190.html

41. Forte G, Faviere F, Tambellie R et al. The enemy which sealed the world: effects of COVID-19
diffusion on the psychological state of the Italian population. 

42. da Silva ML, Rocha RSB, Buheiji M et al.  A systematic review of the prevalence of anxiety
symptoms during coronavirus epidemics. J Health Psychol. doi:10.1177/1359105320951620

43. Rajkumar  RP.  COVID-19  and  mental  health:  a  review  of  the  existing  literature.  Asian  J
Psychiatr. 2020; 52: 102066. doi:10.1016/j.ajp.2020.102066

44. Chandrashekar  P.  Do  mental  health  mobile  apps  work:  evidence  and  recommendations  for
designing  high-efficiency  mental  health  mobile  apps.  Mhealth.  2018;  4(6).
doi:10.21037/mhealth.2018.03.02

45. Mewton L, Andrews G. Cognitive behaviour therapy via the internet for depression: a useful
strategy  to  reduce  suicidal  ideation.  J  Affect  Disord.  2015;  170:  78-84.  doi:
10.1016/j.jad.2014.08.038

46. Feijt M, de Kort Y, Bongers I et al. Mental health care goes online: practitioners’ experiences of
providing mental health care during the COVID-19 pandemic.  Cyberpsychol Behav Soc Netw.
2020. doi:10.1089/cyber.2020.0370

47. Torous J, Nicholas J, Larsen ME et al. Clinical review of user engagement with mental health
smartphone apps: evidence, theory and improvements.  Evid Based Ment Health.  2018; 21(3):
116-119. doi:10.1136/eb-2018-102891

48. Gould CE, Hantke NC. Letter to the editor: promoting technology and virtual visits to improve
older adult mental health in the face of COVID-19. Am J Geriatr Psychiatry. 2020; 28(8): 889-
890.

49. Han  M,  Pong  H.  Mental  health  help-seeking  behaviors  among  Asian  American  community
college students: the effect of stigma, cultural barriers, and acculturation. J Coll Stud Dev. 2015;
56(1): 1-14. doi:10.1353/csd.2015.0001

50. Kam B, Mendoza H, Masuda A. Mental health help-seeking experience and attitudes in Latina/o
American, Asian American, Black American, and white American college students.  Int J Adv
Counsell. 2019; 41: 492-508. doi:10.1007/s10447-018-9365-8

51. Lungu A, Sun M. Time for a change: college students’ preference for technology-mediated versus
face-to-face  help  for  emotional  distress.  Telemed  J  E  Health.  2016;22(12):  991-1000.
doi:10.1089/tmj.2015.0214 

52. Torous J, Myrick KJ, Rauseo-Ricupero N et al.   Digital mental health and COVID-19: using
technology today to accelerate the curve on access and quality tomorrow.  JMIR Ment Health.
2020; 7(3): e18848. doi:10.2196/18848

53. Gaffney H, Mansell W, Tai S. Conversational agents in the treatment of mental health problems:
mixed-method systematic review. JMIR Ment Health. 2019; 6(10): 314166. doi:10.2196/14166

54. Burger F, Neerincx MA, Brinkman WP. Technological state of the art of electronic mental health
interventions for major depressive disorder:  systematic literature review.  J Med Internet Res.
2020; 22(1): e12599. doi:10.2196/12599

55. de la Torre I, Castillo G, Arambarri J et al.  Mobile apps for suicide prevention: review of virtual
stores and literature. JMIR Mhealth Uhealth. 2017; 5(10): e130. doi:10.2196/mhealth.8036

56. Büscher R, Torok M, Terhorst  Y et al.  Internet-based cognitive behavioral therapy to reduce
suicidal ideation: a systematic review and meta-analysis. JAMA Netw Open. 2020; 3(4): e203933.
doi:10.1001/jamanetworkopen.2020.3933

57. Castillo-Sánchez G, Camargo-Henríquez I, Muñoz-Sánchez JL et al. Suicide prevention mobile
apps: descriptive analysis of apps from the most popular virtual stores. JMIR Mhealth Uhealth.
2019; 7(8): e13885. doi:10.2196/13885

58. Frost M, Casey L. Who seeks help online for self-injury? Arch Suicide Res. 2016; 20(1): 69-79.
doi:10.1080/13811118.2015.1004470

https://preprints.jmir.org/preprint/24868 [unpublished, peer-reviewed preprint]



JMIR Preprints Richardson et al

59. Statistics Canada. Data products, 2016 census. https://www12.statcan.gc.ca/census-recensement/
2016/dp-pd/index-eng.cfm

60. Canada Mortgage and Housing Corporation. Real average total household income (before taxes),
2006-2017.  2019  May  16.  https://www.cmhc-schl.gc.ca/en/data-and-research/data-tables/real-
average-total-household-income-before-taxes

61. Statistics  Canada.  Canada’s  population  estimates:  age  and  sex,  July  1,  2020.  2020.
https://www150.statcan.gc.ca/n1/daily-quotidien/200929/dq200929b-eng.htm

62. Emmanuel  R.  Canadians  without  reliable  internet  access  being  left  behind,  experts  warn.
iPolitics. 2020; May 8. https://ipolitics.ca/2020/05/08/canadians-without-reliable-internet-access-
being-left-behind-experts-warn/

https://preprints.jmir.org/preprint/24868 [unpublished, peer-reviewed preprint]



JMIR Preprints Richardson et al

Supplementary Files

Powered by TCPDF (www.tcpdf.org)

https://preprints.jmir.org/preprint/24868 [unpublished, peer-reviewed preprint]

http://www.tcpdf.org

	Table of Contents
	Original Manuscript
	Supplementary Files

