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Abstract

Introduction: As the global climate changes, heat waves are having a disproportionate
impact on seniors and other socially vulnerable groups. In order to mitigate the threats
of extreme heat, it is critical to develop and promote resources for coping during these
events. A better understanding of the role of risk perceptions and the factors that influ-
ence them is needed in order to improve public responses to threatening events, partic-
ularly among seniors.

Methods: This mixed-methods study examined risk perceptions and coping practices in
seniors using qualitative interviews (n = 15) and a survey (n = 244) of seniors across
Waterloo Region, Ontario.

Results: Seniors showed relatively accurate risk tracking as indicated by the link
between measures of actual risk and perception of personal risk. While vulnerability to
heat is often believed to be associated with inaccurate perceptions of risk, within our
sample, vulnerability appears more strongly related to social location and access to
resources. Participants described social connections as important resources for resil-
ience, but the stigma surrounding vulnerability, and other social norms, as barriers to
seeking support.

Conclusion: The positive relationship between participants’ risk perceptions and actual
risk for negative consequences of extreme heat was an important finding, given that
problems of emergency preparedness and risk reduction are often framed as issues of
awareness of risk, rather than social location and inequality. Along with increased pub-
lic resources for coping with extreme heat, communicating about resources, fostering
social connections and reducing stigma may be important leverage points for increasing
the resiliency of seniors to heat waves.

Keywords: climate change, heat waves, seniors, health promotion

between hospitalization rates and episodic
heat waves, with increased temperatures

Introduction

Highlights

e Mitigating the risks of increasing
extreme heat events for seniors
requires the development and pro-
motion of public resources for cop-
ing during these events.

e The lack of response to public
efforts to mitigate these risks has
previously been framed in terms of
inaccurate risk perceptions.

e Vulnerability to heat has been
associated with inaccurate percep-
tions of risk; however, seniors in
our sample showed relatively accu-
rate risk perceptions, and vulnera-
bility appears more strongly related
to social location and access to
resources.

e Improving communication about
available resources, building social
connections and reducing social
stigma and inequality can help
promote better resilience among
seniors during heat waves.

Recent climate models predict that extreme
weather events will increase in frequency
and intensity over the next several
decades,'* leading to significant conse-
quences for human health.> An increase
in heat waves is particularly concerning,
given the correlations among increasing
global ambient temperature, increases in
extreme heat events (also known as heat
waves) and heat-related mortality risk.
Studies have found a nonlinear association

contributing to a seven-fold rise in hospi-
tal admission rates.® The severity of heat
waves is greater in cities, because of the
urban heat island effect,” and has become
increasingly salient following the heat-
related deaths of over 700 people in
Chicago during a heat wave in 1995% and
70000 Europeans in 2003.°

Studies have also begun to demonstrate
that heat-related illnesses and deaths

disproportionately affect individuals from
lower socioeconomic backgrounds,*!
those who live alone™ and those living in
areas with higher crime rates or substan-
dard housing,>"? suggesting that heat waves
have impacts that are both socially and
spatially differentiated.>!* Seniors (those
aged 65 years and older) are at higher risk
for the negative consequences of heat,
including hospitalization for heat-related
illnesses such as heat exhaustion, heat
stroke and heat syncope.® They are also at
greater risk for hospitalization for com-
plications of pre-existing conditions and
increased mortality rates during heat
waves,>®! a risk that is further ampli-
fied by the presence of the additional

Author reference:
Wilfrid Laurier University, Waterloo, Ontario, Canada

Correspondence: Manuel Riemer, Wilfrid Laurier University, 75 University Avenue West, Waterloo, ON N2L 3C5; Tel: 519-884-0710 ext. 2982; Email: mriemer@wlu.ca

Vol 40, No 7/8, July/August 2020

Health Promotion and Chronic Disease Prevention in Canada

Research, Policy and Practice



tel:+1-(519)-884-0710;2982
http://twitter.com/share?text=%23HPCDP Journal – Reducing the risks of %23extremeheat for %23seniors: communicating risks and building resilience&hashtags=PHAC&url=https://doi.org/10.24095/hpcdp.40.7/8.01
https://doi.org/10.24095/hpcdp.40.7/8.01

heat-related illnesses listed above.>"* While
seniors are at particular risk from the neg-
ative consequences of heat, there are only
a few studies that have examined the
effects of heat on this population.!*°
Given demographic trends indicating an
aging population in Canada and around
the world, " a better understanding of heat
mortality prevention strategies among this
specific group is urgently needed.>*1%?

Consequently, public health departments
are beginning to use more comprehensive
approaches to reduce community-dwell-
ing seniors’ vulnerability to heat waves,
such as revamping infrastructure, increas-
ing knowledge of risks and improving pro-
tective measures and response systems.*
However, many current heat-health cam-
paigns throughout Canada and abroad
report a disconnect between the commu-
nication strategies used and the behaviour
performed.>'*!¥2 Others have reported lit-
tle consensus on which communication
styles are best for communicating an
effective and impactful heat wave plan.
Seniors’ subjective experiences of heat
waves are critical to enhancing adaptive
capacity,'¢1319222  and  changing self-
perceptions of risk remains key to preven-
tive action.'*! However, only a few
studies have looked at risk perceptions in
relation to extreme weather, and to heat
waves more specifically, among older
adults.”#+* Enhancing our understanding
of these perceptions may contribute to the
development of more efficient, effective
and better-tailored heat-health communi-
cation strategies,>**!8 bolstering the infor-
mation processing and behavioural strategies
of seniors living in community or in sup-
portive housing, and those who support
them.?3-2

Our current understanding of risk percep-
tions stems mostly from scholarship
examining other forms of extreme weather
(such as hurricanes or flooding)."* Lower
risk perceptions have been linked to less
effective coping strategies,”* whereas
increased risk perceptions have been posi-
tively associated with more favourable
adaptation attitudes.?””*® Those who are
more aware of their own constraints are
more likely to react appropriately to envi-
ronmental warnings.? Factors influencing
risk perception include personal experi-
ences of extreme weather,? political dis-
positions,*3? gender,'? attitudes and beliefs
about climate change® and sense of self-
efficacy to adapt as needed.® Proximity to
structural resources and social networks,
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or the lack thereof, can also amplify or
dampen perceptions of risk.2+33

According to the few studies on seniors’
risk perceptions of heat waves, many
seniors do not consider themselves to be
at a “vulnerable” age,"** and consequently
see themselves as at a lower risk than oth-
ers.11423¢ In the event of heat waves,
many seniors exaggerate the effectiveness
of preventive measures used or deny their
actual level of risk.'* Others may experi-
ence cognitive dissonance because of
alternative belief systems (e.g. need to be
self-reliant) or may underestimate the
risks due to their limited understanding of
the issues at hand.**%

While existing research offers some initial
insights, the social and contextual circum-
stances that inform seniors’ inadequate
perceptions of the risks of heat waves and
their consequent shortfalls in adaptive
capacity remain largely unknown. With
several researchers and public health
advocates calling for further examination
of this issue,>*!* we sought to add to the
existent literature by exploring and pre-
dicting factors that contribute to the risk
perceptions and coping practices and
resources used by seniors in Waterloo
Region, Ontario. The objectives of this
study were to (1) understand seniors’ cur-
rent perceptions of the risks of extreme
heat, (2) identify factors that contribute to
risk and risk perception, (3) explore how
to improve risk perceptions and resilience
to extreme heat, and (4) contribute to
public policy and planning to reduce
seniors’ vulnerability to heat waves.

Methods

For this project, we took a community-
based, participatory approach, using mixed
methods and a sequential exploratory
design to gain a deeper understanding of
how seniors perceive, experience and
cope with heat waves. Our approach was
influenced by dominant theories of risk
perception and planned behaviour, includ-
ing Edelstein’s risk personality,® which
generally suggest that an individual’s
evaluation of possible outcomes and their
attitudes toward prescribed behaviours
that affect these outcomes can predict
their intentions and behaviour,3®3° but
also by more recent critiques of these the-
ories’ emphasis on internal factors and
lack of attention to the broader social and
environmental context.*

The project had a community focus, build-
ing on the results of a previous study
exploring the impacts of a changing cli-
mate on homeless people in Waterloo
Region that identified seniors as a group
at particular risk, and on the partnerships
created through that study. An advisory
committee (consisting of representatives
from local agencies serving seniors, pro-
viding housing and overseeing public
planning and policy) was formed to pro-
vide input on the study design and to
oversee the data collection, analysis and
dissemination of results. Two local seniors
who were active in their community were
also hired as peer researchers and partici-
pated in the study design, data collection
and analysis and dissemination of results.

The Regional Municipality of Waterloo is a
mid-sized municipality that includes three
cities and several rural townships in
Canada, where climate models are pre-
dicting increased heat waves within the
next several decades. With the support
and interest of local organizations, we
sought to develop research that could
inform local planning and policy, with the
potential to be generalized to other
regions.

The study included two data collection
phases: an exploratory phase consisting of
15 qualitative interviews with Waterloo
Region residents aged 65 and older, and a
broader quantitative survey informed by
the exploratory phase. We used a combi-
nation of snowball sampling and conve-
nience sampling, working with community
partners to connect with a sample of par-
ticipants likely to have important and
informative experiences while also con-
ducting broader public outreach at public
events such as weekly farmers’ markets
and community dinners. Exceptions to the
age requirement were made for partici-
pants recommended by our community
partners who had experiences that were
unique or difficult to capture (such as
street-involved and low-income seniors
and newcomers to Canada). This allowed
one interview participant, aged 51, and
three survey participants, aged between
52 and 64, with important lived experi-
ences to participate.

Ethical considerations

The Research Ethics Board at Wilfrid
Laurier University approved all study pro-
cedures (REB#4482) including recruitment,
data collection, storage and dissemination
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processes. We obtained informed consent
from all interview and survey participants.
The research assistants and peer research-
ers also participated in team interview
training, which included a discussion of
research ethics and confidentiality.

Qualitative interviews

In the initial interview phase, seniors were
invited to participate in a brief screening
questionnaire to determine their eligibility
to participate in the study, and to assess
demographic factors to improve the repre-
sentativeness of our sample. We invited
eligible participants to participate in an
interview covering topics such as experi-
ences of extreme weather, perceptions of
current weather and broader climate, per-
ceived risks of heat waves for themselves
and other seniors and strategies for coping
with extreme heat. In order to increase the
quality of content in terms of both aca-
demic interest and participant expertise
and shared experiences, interviews were
conducted in person by pairs of research
team members, each including one
research staff member and one peer
researcher. This allowed conversations to
be guided by not only the interview guide
and research expertise, but also by the
insight and experiences of our senior peer
researchers. The interviews were digitally
recorded, anonymized and transcribed
word for word. Interviews lasted approxi-
mately 60 to 90 minutes, and were con-
ducted at locations of the participants’
choosing.

Quantitative survey

The questionnaire for the second phase of
this sequential design study was devel-
oped by the research team and commu-
nity advisory group based on factors
identified in the literature on seniors and
heat waves, a measure of risk perception
developed for emergency responses to
threats of terrorism* and key themes from
the qualitative interviews. Topics covered
by the survey included demographic infor-
mation (using questions based on those in
the Canadian census form), risk factors,
access to resources, perceptions of risk,
protective behaviours, use of resources
and perceptions of gaps in resources for
seniors. The initial questionnaire was
drafted by the research team, then
reviewed to enhance content validity by
additional researchers with expertise in
climate change and risk perception and
community advisors with experience

Vol 40, No 7/8, July/August 2020

working with seniors. Our research team
adapted the survey questions based on
the feedback from these expert reviewers
to develop the final questionnaire. The
survey was distributed online via email, in
person at community events and through
community partner agencies, both in per-
son and by mail.

Analyses

Qualitative interviews were digitally recorded
and transcribed verbatim by a research
assistant from the project team. A second
research assistant reviewed a sample of
transcripts in order to ensure accuracy.
The team conducted an initial, inductive
thematic analysis of the interviews, in
which two research assistants reviewed
each transcript and noted major relevant
themes and categories (clusters of themes).
These themes were then organized into a
coding framework, which was further
refined to develop a coding scheme
through discussion with the project team
(including the two peer researchers). Once
a final coding scheme was agreed upon,
all transcripts were coded by at least two
research team members independently,
applying the final coding scheme to all
transcripts. The coded transcripts were
entered into a database using NVivo qual-
itative analysis software, version 11 (QSR
International Americas Inc., Burlington,
MA, USA), which was used to generate
summaries of the major themes from the
interviews. The research team used these
summaries to highlight key results, sum-
marize responses to our central research
questions and note other important trends
in the interviews. We presented the final
overarching categories and themes to the
community advisory board to allow for
their input and to collaboratively develop
the presentation of the final results.

Quantitative survey responses were entered
into a Microsoft Access form using forced
responses to ensure accurate data entry.
We then analyzed the quantitative data
using R version 3.0 (R Core Team, Vienna,
Austria). We computed means or frequen-
cies for all study variables. We further
analyzed survey responses for Pearson’s r
or Spearman’s rho correlations between
various individual-level variables such as
demographic characteristics and risk
awareness, and factors contributing to risk
in seniors in our sample. We developed
two risk indices to assess objective risk
using the clusters of factors within the
survey associated with specific types of

risk. For example, health risk, represent-
ing the likelihood of negative health
effects in extreme heat, included two fac-
tors: (a) the presence of health conditions
that are negatively impacted by heat, and
(b) having previously experienced heat
exhaustion or other heat-related illness.
Adaptability risk, representing the ability
to cope during extreme heat, included
knowledge and behaviour factors: (a) know-
ing the symptoms of heat exhaustion;
(b) being aware of heat warnings; (c) using
or accessing resources during heat waves;
and (d) demographic factors such as
income level, living alone, and housing—
including ventilation and air conditioning.

Results

While the qualitative and quantitative
components and initial analyses in this
study were conducted sequentially, in our
final analyses we considered results across
datasets to triangulate a more complete
picture of seniors’ risk and resilience. In
this report, the results are discussed
simultaneously by theme in order to trian-
gulate them and for ease of understanding.

Sample

Recruitment for this study proved chal-
lenging, particularly for the qualitative
component, as many seniors seemed to
lack interest in talking about the subject
of heat waves or climate change in gen-
eral. Political orientation and beliefs about
climate change also influenced people’s
willingness to participate in this study. In
total, fifteen participants completed quali-
tative interviews between August 2014
and September 2015, and 244 participants
completed the survey questionnaire between
April 2016 and September 2016.

Of our fifteen interview participants, five
(33.3%) identified as male and ten
(66.7%) identified as female. They ranged
in age from 51 to 84 years, with a mean
age of 71.7 (SD 9.6). Nine participants
lived alone (60%), while the other six
lived with a partner or with other family
members (30%). Four participants were
born outside of Canada (26.7%). Four
participants (26.7%) also identified as vis-
ible minorities, with two participants
identifying as East Asian, one as First
Nations and one as Latino, and the rest
identifying as Caucasian and/or Canadian
(73.3%). Two participants (13.3%) identi-
fied as people living with disabilities.
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Survey participant demographics are sum-
marized in Table 1, along with local com-
parison data from Canada’s 2016 Census.
Participant demographics are summarized
in Table 2.

General awareness

Overall, participants reported being aware
that weather was changing, and charac-
terized the weather in Waterloo Region as
unpredictable. Since we received mixed
responses to climate change terminology
in our introductory conversations and
interviews, we chose to frame our conver-
sations in the context of extreme weather
and heat and to avoid broader climate
questions unless participants raised the
topic themselves. Many participants felt
unqualified to make broader predictions
about climate, choosing only to comment
on immediate weather experiences and
experiences from their past.

I have tracked this in my mind for the
last 20 years because I grew up on the
farm and I know our seasons. You

had spring ... you had summer ...
you had fall. You had winter and
spring. On the farm you are depen-
dent on the weather for getting crops
in and planting crops. I just know
that the weather has changed a lot.
(Ellen)

Among the survey participants, there was
considerable variation in perceived nega-
tive influences of climate change. As par-
ticipants’ perception of negative impacts
of climate change increased, so did their
perceived risk for people in Waterloo
Region (r = .614, p < .001).

Risk profile

To better understand the process by which
environmental stressors such as extreme
heat result in negative psychological con-
sequences, Michael Edelstein proposed
the formulation of a risk personality.®® A
risk personality describes the defining
characteristics of the specific environmen-
tal stressor as it may be experienced by
people living in a certain proximity to the

TABLE 1

stressor.*® This is important because the
psychological impacts are caused by an
interaction of the characteristics of the
environmental stressor and the way indi-
viduals appraise that risk and cope with
its impacts. This framework focusses on
three key factors that contribute to how a
person evaluates risk: cause, consequence
and controllability. In this section, key
themes and results that emerged from
our analyses are presented within this
framework.

Causes

In assessing risk, people assess the causal
attributes of the environmental stressor,
such as its origins, its temporal and geo-
graphical boundaries and its nature.* In
Waterloo Region, seniors considered not
only heat waves in isolation, but also
increased heat and other extreme weather
as a component of global climate change
more broadly.

When asked to reflect on their perceptions
of how weather has or has not changed
over time, many interview participants

Demographic characteristics of respondents to survey on seniors’ awareness of heat wave risks,
Waterloo, Canada, 2016, compared to local census data

Demographic N % celigl}:cf)::‘::ri;l;n“ Range Median Mean

Age (years) 225 N/A — 52-97 74 74.3
Gender 231 — — — — —

Female 157 63.6 — — — —

Male 72 29.1 — — — —

Other 2 0.8 — — — —
Born outside Canada 15 6.4 — — — —
Income 181 Median

Less than $5000 15 8.2

$5000-$19 999 53 29.3

$20 000-$49 999 68 37.6 Less than

$35 714.00 $5000-$100 000  $20 000-$49 999 —

$50 000-$79 999 29 16.0 or more

$80 000-$99 999 8 4.4

$100 000 or more 8 4.4
Housing condition 230 % Regional population

House 107 46.5 55.7 = = =

Apartment or condominium 112 48.7 44.2 — — —

Retirement residence 11 4.8 N/A — — —

Living alone 119 48.8 24.4 — — —

Abbreviation: N/A, not applicable.
Note: — signifies no data.

2 Data from Statistics Canada. Census Profile, 2016 Census—Waterloo, CY [census subdivision], Ontario and Waterloo, RM, Ontario [Internet]. Ottawa (ON): Statistics Canada; 2017. [Catalogue
No.: 98-316-X2016001]. Released November 29, 2017 [cited 2019 Apr 11]. Available from: https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/index.cfm?Lang=E
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TABLE 2
Summary of results of survey on seniors’ awareness of heat wave risks,
Waterloo, Canada, 2016

Variable N % Range Median Mean
Risk factors
Health risk 244 — 0-3 1.00 1.44
Adaptability risk 241 — 0-8 2.00 1.85
Experience of heat-related health problems 241 44 — — —
Number of heat-related health conditions 238 — 0-6 1.00 1.26
Knowledge of heat-related health symptoms 238 8 — — —
Perceptions of risk
Negative impact of CC  Self 221 — 1-4 3.00 2.86
Community 216 — 14 3.00 3.02
Negative impact of Self 227 — 1-4 3.00 2.88
heat waves Community 208 — 14 400 3.41
Protective behaviours
Preparedness for heat waves 229 — 1-3 3.00 2.52
Check up on others 241 — 1-3 2.00 2.20
Resources
Knowledge 208 63.5 — — —
Access Cooling 232 983 — — —
Information 205 97.6 — — —
Friend/family 181 86.7 — — —
Water 208 98.6 = = =
Likelihood of use Cooling 178 — 1-3 2.33 2.34
Information 157 — 1-3 2.50 2.44
Friend/family 133 — 1-3 2.00 2.21
Water 145 — 1-3 3.00 2.81
Perception of gap 222 — 0-3 3.00 2.56

Abbreviation: CC, climate change.
Note: — signifies no data.

believed that weather patterns had changed,
but were reluctant to draw conclusions
about overall trends. They frequently
described the weather as unpredictable,
and often felt unqualified to make predic-
tions for future weather.

We are definitely not getting the
weather that we did get 10 even
15 years ago. The whole change of
weather, the whole atmosphere has
changed. I think it has. Like you are
not getting the same good weather.
It’s either good or it has completely
gone the opposite direction. It is com-
pletely measurable. The smogginess.
The sun, you don’t get as much sun
anymore. It is dull and dreary. Maybe
it is because I am getting older, I
don’t know ... (Sanaa)

Participants had a mixed response to cli-
mate change terminology, with some

Vol 40, No 7/8, July/August 2020

supporting and having knowledge of
global climate change and its causes, and
others not believing there was a broader
global pattern, or that changes to climate
were natural long-term patterns.

It's been more changeable than
before I think ... yeah. I am very
aware of climate change ... I even
went on a march to Toronto a few
weeks ago ... (Leslie)

Experiences with extreme heat were medi-
ated by personal factors such as age,
health and resources. Some participants
were very aware of heat waves and their
effects on their own well-being, while oth-
ers did not notice any effects or found
increased heat easy to deal with.

Consequences
The second factor contributing to risk per-
ceptions is the potential consequences of

the environmental stressor.*® This includes
the known impacts on the environment
and the physical and psychological well-
being of the people experiencing the
stressor. Participants in this study had var-
ied experiences with extreme heat and its
consequences, as well as varied percep-
tions of the potential consequences of
extreme heat and sense of personal pre-
paredness to cope with extreme heat.

Interview participants who lived with
health conditions such as heart disease or
respiratory conditions often reported
being aware of the effects of increased
heat on their well-being, and took mea-
sures to cope and protect themselves dur-
ing heat waves. Participants mentioned
impacts on both their physical and mental
well-being:

I am slower, I move slower. Some-
times just moving horribly slow. My
knees hurt sometimes, you know? I
do not, like, my body doesn’t like it,
and I don’t like it. I don’t think well.
There’s a distract ... It’s a distraction
for me because my body doesn’t
want it. It’s a huge distraction for me.
(Philip)

. I don’t like heat waves, I can’t
stand them. I am cranky and I can’t
tolerate BS from people when it’s, it’s
overheated. So I stay where I can get
angry with ’em. I stay home
(Sanaa)

Several interview participants reported
specific instances when they became
aware of previously unknown risks, often
due to a personal experience of overheat-
ing, whether their own or that of a loved
one:

And I said I could sleep in the family
room, it’s no big deal. Well, my son
came over to check up on me around
7 p.m., and I thought that I was
warm—I felt warm, but I guess I
looked worse than I felt. He said
“That’s it, you’re coming to my
house—pack your bag. This is ridicu-
lous! I mean, look at you, your face is
as red as that cup.” So anyway he
packed me up and we went over to
his place. It wasn’t until we got to his
place did we realize how hot I really
was. (Eleanor)
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While some participants who had experi-
ences with heat-related health conse-
quences were aware of the impact of heat
on their health, in general, participants’
awareness of the health consequences of
heat and the symptoms of heat-related ill-
ness was relatively low. When asked to
select the symptoms of heat exhaustion or
heat stroke from a checklist, only 8.4% of
our survey participants correctly identified
all eight symptoms, and fewer than half of
the participants (46.2%) correctly identi-
fied six out of eight symptoms.

Waterloo Region is typically cold and
snowy in the winter, which often lasts
almost six months. Thus, for residents of
this area, heat is connected with summer
and generally perceived as something
positive. This was also true for the partici-
pants of this study. Some participants dis-
tinguished summer heat (which they
liked) from the high humidity during heat
waves that bothered them more:

No, again, I don’t do a whole lot of
complaining about the weather,
’cause the only time I do a lot of com-
plaining, like I said, is in the summer
when it is humid like this and that
really irritates me. (Maria)

Risk assessment

In this study, participants were asked
about both their perceptions of their own
vulnerability to extreme heat, and the
objective factors that influenced their risk.
In order to better understand the relation-
ship between perceived and actual risk,
we created two indices representing actual
assessments of risk: health risk and adapt-
ability risk. Health risk represented the
influence of health conditions affected by
heat and previous heat-related illness.
Adaptability risk represented factors and
resources that affect the likelihood of cop-
ing well with extreme heat, including
knowledge of heat-related illness, aware-
ness of heat alerts, access to emergency
resources and support, having air condi-
tioning or good ventilation at home, living
alone, likelihood of using available resources,
and income.

Overall, seniors showed some degree of
accurate risk tracking as indicated by the
link between our assessment of actual risk
and their perception of their own risk.
Those with higher actual health risk did
perceive higher personal risk of negative
impacts of extreme heat (r = .443,
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p < .001). Those with higher adaptability
risk (i.e. less awareness and access to
resources) also perceived a higher degree
of personal risk of negative impacts of
extreme heat (r = .184, p = .006).

While vulnerability to heat is often
thought to be related to inaccurate percep-
tions of risk, within our sample, vulnera-
bility to extreme heat appears more
strongly related to social location and
access to resources. Income was one key
factor, as perceptions of higher risk of
negative consequences of heat were cor-
related with lower income (r = —.198,
p = .004), with the level of perceived risk
decreasing as income increased. Type of
housing was a contributor to perceived
risk, with 61.9% of those at high risk liv-
ing in apartments as opposed to houses
(38.1%). In general, the fewer the resources
participants felt were available to them,
the higher their perceived risk of negative
impacts of extreme heat (r = .288,
p < .001).

Controllability

The perceived controllability of a stressor
is a final important assessment that affects
people’s risk perceptions and response.
One way to control negative outcomes is
to prepare for them in advance in order to
mitigate or avoid negative impacts. We
asked our survey participants to rate their
general sense of preparedness for extreme
heat, as well as their access to specific
coping resources. Overall, 50% of partici-
pants felt they were well prepared to cope
with extreme heat. In terms of specific
resources to help cope with heat, 98.7%
of participants expected to see some sort
of warning in the news if there were an
extreme heat event, 97.6% reported hav-
ing access to information about the
weather and coping strategies, 98.3% had
access to at least one way of cooling them-
selves (e.g. air conditioning, fans), 98%
had access to extra bottled water at home
and 86.7% had friends or family members
nearby whom they could ask for help.

Based on the broad availability of resources,
seniors in our sample did not appear to be
a group at particularly high overall risk.
However, many of the same demographic
factors that affected their actual risk and
perceived personal risk of the negative
impacts of extreme heat also predicted
their perceptions of controllability and
preparedness. Fifty percent of participants
who felt they were not very well prepared

(either completely unprepared or some-
what prepared) for extreme heat lived
alone, with 62.5% of those who felt com-
pletely unprepared living alone, and
65.2% of those who felt “only somewhat
prepared” living alone.

A total of 56.3% of those who lived alone
felt unprepared or only somewhat pre-
pared to cope with extreme heat, com-
pared to 32.5% of those living with a
partner, 38.9% of those living with family
or 25% living with other older adults.
This suggests that social connectedness
may play an important role in prepared-
ness and risk mitigation. Furthermore,
while 86.7% of participants reported that
they had friends or family members they
could ask for assistance, only 50% of
those who had support reported that they
would be very likely to use it.

Some participants suggested that social
stigma, perception of personal control and
beliefs about individual responsibility
may be factors influencing seniors’ will-
ingness to ask for help. Many spoke of the
need to take personal responsibility for
their well-being:

... taking some responsibility ... I can
stay in if it is not urgent for me to
stay out. I can just stay in with AC
and do some other things like reading
or some hobbies and stuff rather than
complain because that is just going to
make you hotter and affect your dis-
position so I am trying that way
myself not to. (Florence)

... take responsibility. If it’s hot, don’t
stand there in the sun and say “Oh
my goodness, it is hot.” (Mark)

A common theme in the interviews was
the need to simply accept and put up with
difficult or uncomfortable conditions:

I mean in the wintertime if it’s misty
and smoggy and crappy, well ok you
don’t want to go outside, I under-
stand that, but have some nice
weather so you can go out and enjoy
the cold here. Suck it up buttercup,
you know? (Sophie)

Finally, another element that may make
seniors reluctant to ask for help may be a
fear of being perceived as vulnerable, which
could lead to a loss of independence.
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Resilience

Another survey finding was that many
seniors took time to check in on friends,
family and neighbours during extreme
heat, with 43.2% being somewhat likely
to check on others, 38.2% very likely, and
only 18.7% not at all likely to do so (data
not shown). This is noteworthy, given the
low likelihood that participants in this
sample would ask friends or family for
help, as well as the finding that individual
knowledge of the symptoms of heatstroke
was low and that those who were less
likely to ask a friend or family member for
help were likely to be at higher adaptabil-
ity risk (r = —.282, p = .001).

Building resilience

Participants in this study had many help-
ful suggestions for ways to increase
awareness of the risks of extreme heat and
for resources that could support or build
resilience. Seniors reported that heat
warnings did not always reach them, and
that there was a lack of information about
local resources, such as cooling centres.
They identified doctors, pharmacists, com-
munity centres and local news as trusted
sources of information that could be used
to disseminate this information further.
Participants also noted that the majority
of seniors learned to rate temperatures
using the Fahrenheit scale, and that
weather reports using Celsius were not as
accessible to them.

Discussion

Risk awareness is an important compo-
nent of building resilience to extreme
heat, particularly in vulnerable popula-
tions. In this study, we set out to assess
risk awareness, risk perceptions and pre-
paredness for extreme heat among seniors
in Waterloo Region. Researchers around
the world have called for investigations of
seniors’ risk perceptions and coping prac-
tices during extreme heat; however, risk
perceptions may not actually be the key to
understanding seniors’ risk and resil-
ience.>!** We found that the seniors in
our sample had a realistic overall assess-
ment of their personal risks during heat
waves. However, not all seniors in our
sample were at equal risk, and not all
seniors had equal or sufficient access to
resources to protect themselves during
extreme heat events. Seniors who per-
ceived themselves to be at lower risk of
negative consequences of extreme heat
tended to have better health and access to
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more resources, while those who had con-
crete risk factors, such as pre-existing
health conditions, lack of social support
and lower income, tended to be aware of
their elevated risks. Furthermore, stigma
and social norms may have prevented
some seniors who do have access to pro-
tective resources from making use of
them.

The positive relationship between partici-
pants’ risk perceptions and actual risk for
negative consequences of extreme heat
was an important finding, given that prob-
lems of emergency preparedness and risk
reduction are often framed as issues of
awareness of risk.!#514213435 Qur partici-
pants appeared to have accurate assess-
ments of their own risks. However, there
were significant differences in the demo-
graphic factors associated with the risks of
extreme heat. Participants who were lower
income, lived alone or had existing health
conditions were at increased risk, and
were relatively more aware of these risks,
but their awareness did not necessarily
lead to a reduction in their vulnerability.

Reducing vulnerability

Many risk mitigation initiatives focus on
informing seniors of their risk and encour-
aging them to take personal actions to
reduce it. This was reflected in partici-
pants’ comments about the personal
responsibility to be aware of their well-
being, to push through discomfort and to
take action on their self-care. Knowledge
and self-care are important components of
risk mitigation, and our results show that
participants could be better informed
about the symptoms of heat-related illness
and resources in their community to help
them take care of their health. However,
many participants in this study reported
that they were unlikely to make use of
community resources or ask for help dur-
ing a heat wave, and some suggested that
social stigma, perceptions of personal
responsibility, and fear of being perceived
as vulnerable may be barriers to seniors’
use of resources to stay healthy during
heat waves. Risk factors such as social
isolation, lack of social support and lack
of access to cooling and other protective
resources also played important roles in
risk, and are more difficult for seniors to
change for themselves.

Knowledge of risks and resources
Seniors in this sample had gaps in their
knowledge of the symptoms of heat-related

illnesses, and were open to receiving more
information about the risks of heat and
resources for coping. Having information
that is directly relevant to seniors, particu-
larly those with specific risk factors, dis-
seminated through trusted sources such
as community nurses, general practitio-
ners and family doctors, local clinics,
pharmacists and community centres could
increase the accessibility, relevance and
trustworthiness of heat-related resources
to seniors. Finding out which local media
outlets seniors favour, through commu-
nity consultation and by ensuring that
heat alerts and resources are disseminated
through the best channels, could also
increase the likelihood of important heat-
related information reaching seniors.

Communication

Using language that is relevant, accessible
and engaging for seniors is critical for the
uptake of information.**** Since many
seniors in our sample learned the Imperial
system before Canada switched to the
metric system, communicating weather
alerts in both Celsius and Fahrenheit
degrees could help seniors recognize
when the temperature puts them at risk.
Avoiding technical, scientific language,
referring to weather rather than climate
and referencing the experience of humid-
ity rather than heat are also recommended
findings. Using strength-based language
and avoiding language that may be disem-
powering or socially stigmatized is also
important for supporting seniors’ indepen-
dence and sense of agency.***” This could
include avoiding the use of climate change
terminology in broader alerts or prepared-
ness resources, and avoiding terms that
seniors may dislike or do not identify
with, such as “vulnerable” or “elderly.”
Community consultation and stakeholder
engagement is a vital tool for learning best
practices for communication with local
seniors.

Access to resources

While many seniors in our study felt they
had the resources they needed to stay well
during a heat wave, those who were
socially isolated or living on low incomes
often felt unprepared. Broader social
determinants of health such as livable
incomes and social support are important
to address over the long-term,* but there
are more immediate things that can be
done to support seniors whose social loca-
tion puts them at additional risk. Ensuring
there are community resources such as
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cooling centres or other air-conditioned
spaces available throughout the region, and
that these sites are well-communicated
and accessible by local transit could sup-
port seniors who do not have air condi-
tioning or access to other spaces to stay
cool. Water fountains or temporary water
stations can also be helpful for anyone
who cannot stay indoors during a heat
wave, along with public washrooms, as
many seniors mentioned avoiding drink-
ing water out of fear they may not be able
to access a washroom away from home.

Social networks

A lack of social connections and the
stigma surrounding accessing support are
important barriers to resilience that were
identified by our participants. Many
seniors did not have access to emergency
resources, and others who did have access
to additional support stated they were
unlikely to ask for help. However, many
seniors in our study and other research
have reported supporting other seniors or
people who may be at risk by sharing
information and checking on them during
heat waves.?? This peer support could be a
helpful and empowering tool to leverage
to increase seniors’ resilience to extreme
heat. For instance, the San Jose Buddies
Program* and the Netherlands Red Cross®
local branches have established peer vol-
unteer networks where seniors check on
their peers, help with errands and provide
assistance during heat waves and other
emergencies. Implementing similar sys-
tems in Ontario could help improve social
connections among seniors, increase
knowledge among both low- and high-
resource seniors, and help de-stigmatize
their access to social support. To support
these goals, it is critical to effectively
engage stakeholders and include local
community-based organizations. It is also
important to understand the relative
strengths and weaknesses of social net-
works for seniors, and to establish volun-
teer-based programs.

Strengths and limitations

Recruitment was a challenge throughout
this study, and while our community part-
ners were extremely helpful in recruiting
participants from their networks, this may
have contributed to a skewed sample. One
particular strength of this study was our
partnerships with community organiza-
tions, which allowed us to recruit partici-
pants for both the interview and survey
components who had experiences, risks
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and resources relevant to our research,
including low-income seniors, seniors with
disabilities, senior community leaders and
newcomers. The majority of our partici-
pants were women, and while gender-
based analyses have revealed important
differences in the ways men and women
cope with heat,* our unbalanced sample
did not allow for reasonable comparison.
Our participants were predominantly white
and Canadian-born, which, while repre-
sentative of previous generations in
Waterloo Region, does not represent the
area’s current overall diverse cultural and
linguistic groups. Our sample was also
skewed in terms of income, with clusters
at the high and low end of the income
spectrum, which made it challenging to
accurately assess the contribution of
demographic factors to vulnerability
across a broad spectrum of seniors’ expe-
riences. People’s perspectives on climate
change and controllability of risk also
influenced their willingness to participate,
with many of the seniors we spoke to
declining to participate because they did
not believe in climate change or were not
worried because they had air condition-
ing. Finally, our sample was geographi-
cally limited to seniors in Waterloo
Region. However, because the municipal-
ity includes three cities as well as a num-
ber of rural townships, it is representative
of many other districts within the prov-
ince. While this regional focus may limit
the generalizability of our results, the data
we collected were relevant and useful for
local planners and community, social ser-
vice and public health organizations, and
may be particularly useful to other nearby
communities. Consequently, we believe
that most of our findings are transferable
beyond this region.

Conclusion

Unlike previous studies indicating that the
dangers posed to seniors by environmen-
tal stressors such as heat waves are
heightened by seniors’ inaccurate percep-
tions of the risk to themselves and by
their lack of response to risk, our study
showed that Waterloo Region seniors’
assessments of their risks from heat waves
were relatively realistic. Instead, both
their actual risk and their resilience were
impacted more by social location and cop-
ing resources. Even in those with higher
incomes, greater social support and better
housing, resilience tends to depend heav-
ily on the availability of coping resources
such as air conditioning and running

water. During prolonged heat waves,
those resources could temporarily become
unavailable because of power outages or
freshwater sources. Communication about
community resources, such as cooling
centres and emergency water access,
could help seniors better prepare in the
event of a prolonged extreme heat wave.

More generally, different communication
strategies may be used for those who have
access to appropriate resources and those
who do not. This targeted approach would
avoid the quick dismissal of the public
health communication as irrelevant by
those with resources, and the feeling that
they are being blamed for their lack of
resources by those without them.
Realizing that seniors are capable and
active partners in the response to heat
waves will help prevent them from feeling
like vulnerable individuals who have lost
their ability to deal with such challenges.
Peer-based approaches seem to be highly
suitable for this purpose; peer support not
only de-stigmatizes the act of asking for
help, it is likely to increase the efficacy of
information about risks by increasing
openness on the part of seniors who
attend to this information not only for
themselves, but also to offer support to
others.
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Abstract

Introduction: Multimorbidity represents a major concern for population health and ser-
vice delivery planners. Information about the population prevalence (absolute numbers
and proportions) of multimorbidity among regional health service delivery populations
is needed for planning for multimorbidity care. In Canada, health region-specific esti-
mates of multimorbidity prevalence are not routinely presented. The Canadian Community
Health Survey (CCHS) is a potentially valuable source of data for these estimates.

Methods: Data from the 2015/16 cycle of the CCHS for British Columbia (BC) were used
to estimate and compare multimorbidity prevalence (3 + chronic conditions) through
survey-weighted analyses. Crude frequencies and proportions of multimorbidity preva-
lence were calculated by BC Health Service Delivery Area (HSDA). Logistic regression
was used to estimate differences in multimorbidity prevalence by HSDA, adjusting for
known confounders. Multiple imputation using chained equations was performed for
missing covariate values as a sensitivity analysis. The definition of multimorbidity was
also altered as an additional sensitivity analysis.

Results: A total of 681 921 people were estimated to have multimorbidity in BC (16.9%
of the population) in 2015/16. Vancouver (adj-OR = 0.65; 95% CI: 0.44-0.97) and
Richmond (adj-OR = 0.55; 95% CI: 0.37-0.82) had much lower prevalence of multi-
morbidity than Fraser South (reference HSDA). Missing data analysis and sensitivity
analysis showed results consistent with the main analysis.

Conclusion: Multimorbidity prevalence estimates varied across BC health regions, and
were lowest in Vancouver and Richmond after controlling for multiple potential con-
founders. There is a need for provincial and regional multimorbidity care policy devel-
opment and priority setting. In this context, the CCHS represents a valuable source of
information for regional multimorbidity analyses in Canada.

Keywords: multimorbidity, prevalence, British Columbia, Canada, cross-sectional studies,
surveys and questionnaires

review guidance suggests that multimor-
bidity should be defined from a minimum
of 12 candidate chronic health conditions

Introduction

Globally, the prevalence of multimorbidity

Highlights

e Multimorbidity prevalence is a grow-
ing phenomenon with major cost
and service delivery planning impli-
cations for health systems.

e This paper presents methods and
results for analysis of Canadian
Community Health Survey data
for British Columbia (BC) during
2015/16.

e Estimated multimorbidity preva-
lence was lower in Vancouver and
Richmond compared to other regions
in BC, after adjusting for multiple
confounding factors.

e Future research may seek to inte-
grate multiple health administra-
tive and survey datasets to better
characterize multimorbidity among
BC health regions.

e Policy development and priority
setting for multimorbidity care in
BC are warranted provincially and
within each RHA.

is rising.!* Definitions of multimorbidity
have proliferated in the past decade, and
vary in terms of the conditions included
and the populations considered, without a
clear consensus.>* However, systematic

and requires two or more chronic con-
ditions (2+ conditions) to be present.’
Furthermore, multimorbidity prevalence
estimates should include all members of the
population.® Finally, defining multimorbidity

as 3 or more chronic conditions (3 + con-
ditions) has been established as more
meaningful for clinicians and linked to
greater need for care coordination.’

In Canada, multimorbidity is a major cost
driver for provincial health insurance
plans.© British Columbia (BC) has the low-
est prevalence of chronic diseases of
Canadian provinces and territories.” How-
ever, Feely et al. estimated that the prev-
alence of multimorbidity (3+ chronic
conditions) in BC increased 75% over ten
years, from 5.2% in 2001/02 to 9.1% in
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2011/12, based on health administrative
data.” Within BC, the prevalence of
chronic diseases, and therefore multimor-
bidity, is expected to vary regionally, but
the extent of that variation is unknown.

The BC Centre for Disease Control
(BCCDC) has developed a Chronic Disease
Dashboard (CDD) that is able to display
incidence and prevalence of major chronic
diseases, from mood and anxiety disor-
ders to osteoporosis, across health regions,
time, age and sex. The CDD is derived
from the BC Ministry of Health’s Chronic
Disease Registry (CDR), which gathers
data from multiple health administrative
databases.® Currently, work is underway
at BCCDC to include a multimorbidity
indicator in the CDD to facilitate analysis
of multimorbidity in BC by health profes-
sionals.” Information systems based on
administrative data are powerful and cost-
effective, with virtually complete follow-
up (i.e. offering the ability to track
long-term health care use) in Canada.
However, lack of data on health behav-
iours and social determinants, such as
smoking, household income, highest
household education level, body mass
index (BMI), diet and physical activity,
reduces analysts’ ability to explain differ-
ences between health regions.”'® Admin-
istrative data-based systems only capture
treated conditions, rather than population
prevalence of those conditions, which has
led to underestimates of multimorbidity
prevalence in Canada."

There is a need for health region-specific
multimorbidity prevalence estimates to
inform health policy, programming and
resource allocation within BC, as well as
health promotion and chronic disease pre-
vention activities.” In BC, five Regional
Health Authorities (RHAS) exist as entities
of the provincial government that coordi-
nate and develop health services tailored
to regional population needs.'* The
RHAs are composed of 16 Health Service
Delivery Areas (HSDAs), which are fur-
ther subdivided into 89 Local Health Areas
(LHAs)."* As multimorbidity increases in
the aging BC population, the need for
health region-specific multimorbidity prev-
alence estimates will grow.” Surveys may
offer important data for multimorbidity
research and surveillance within BC.
Surveys can incorporate questions on
health determinants, and are not affected
by physician billing and reimbursement
policies and practices or health care
access issues, which makes survey data a
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valuable resource for health service plan-
ners seeking to address the prevalence of
multimorbidity in Canada. The Canadian
Community Health Survey (CCHS) is a
nationally representative survey that con-
tains data on health determinants at indi-
vidual and household levels and includes
a range of health outcome measures,
including self-reported diagnoses of speci-
fied chronic diseases. These data have
been used previously for chronic disease
and multimorbidity research.!>*

This study examined the prevalence of
multimorbidity within BC by HSDA using
the most recently available CCHS data.
The objectives of this study were to ana-
lyze the total burden of and variation in
multimorbidity prevalence by HSDA, to
determine how much variation could be
explained by known risk factors for multi-
morbidity and to develop methods for
regional analysis of multimorbidity in BC
using survey data.

Methods
Data source and analytic sample

CCHS Public Use Microdata File (PUMF)
data for 2015/16 (two years) were ana-
lyzed. The CCHS is a complex, nationally
representative sample based on a cluster-
randomized, multistage sampling frame-
work. The PUMF dataset contains survey
weights for each participant based on this
framework that can be used to produce
statistical estimates generalizable to 98 %
of the Canadian population.?® Sample size
calculations are based on health region-
specific sampling frames.? Participants are
weighted according to the number of peo-
ple they represent in the Canadian popula-
tion. Males are weighted more heavily
than females due to lower participation in
CCHS. Final weights are derived in a
series of steps that involve integration,
nonresponse adjustments, Winsorization
and calibration.?

Analysis variables

The outcome variable, multimorbidity,
was defined as three or more (3+)
chronic conditions from a list of 17 candi-
date health conditions that were self-
reported by respondents with a physician
diagnosis, and included asthma, COPD,
sleep apnea, scoliosis, fibromyalgia, arthri-
tis, back problems (excluding scoliosis,
fibromyalgia and arthritis), osteoporosis,
high blood pressure, heart disease, stroke

effects, diabetes, cancer, migraine head-
aches, multiple chemical sensitivities,
mood disorder (e.g. depression, bipolar,
mania, dysthymia) and anxiety disorder
(e.g. phobia, obsessive-compulsive disor-
der, panic). An indicator variable was cre-
ated for each condition and was assigned
a value of 0 or 1, with 1 indicating that
the condition was present, 0 that it was
not. These indicator variables were summed
for each participant to create a multimor-
bidity index. This index was then dichoto-
mized into a categorical outcome variable
indicating multimorbidity (3 + chronic con-
ditions vs. 2 or fewer chronic conditions),
based on a survey-weighted histogram of
the multimorbidity index generated dur-
ing exploratory data analysis (Figure 1),
as well as literature suggesting that people
with 3+ conditions have a greater need
for coordinated clinical management.*>%

For an understanding of regional variation
in multimorbidity prevalence estimates,
HSDA was used as the key question pre-
dictor. HSDAs represent the most granular
level at which data from the CCHS are
available.

Statistical analysis

Descriptive statistics

The survey-weighted proportion and num-
ber of BC residents with multimorbidity
were estimated by HSDA and by a series
of sociodemographic factors identified in
the literature as predictors of multimor-
bidity.*1¢2>2 The sociodemographic fac-
tors included age group (12-29, 30-49,
50-64, 65-79, or 80 + years); sex (male or
female); total household income group
(< $20 000, $20 000-$39 999, $40 000-
$59 999, $60 000-$79 999, or $80 000 +);
alcohol consumption (regular, occasional
or not at all); current smoking status
(daily, occasionally or not at all); daily
fruit and vegetable consumption (< 5 serv-
ings or 5+ servings); highest household
education level (< secondary, secondary
graduate, or postsecondary certificate/
diploma/degree); self-reported height and
weight, converted to body mass index
(BMLI categorized as under/normal weight,
overweight, or obese classes I, II, IIT); and
World Health Organization (WHO) physi-
cal activity level (active, moderately active,
somewhat active, or inactive). Rao-Scott
tests were used for equality of proportions
for multimorbidity across covariate cate-
gories, incorporating the complex survey
design weights.?
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FIGURE 1
Histogram of multimorbidity index used to create dichotomous indicator variable for
multimorbidity: Canadian Community Health Survey 2015/16, British Columbia subpopulation
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Data source: Survey-weighted histogram, Canadian Community Health Survey, 2015/16.

Inferential statistics

For the inferential analysis comparing
HSDAs within BC, adjusting for the covari-
ates described above, survey-weighted
logistic regression was used.*® Univariable
models were fit for the key question pre-
dictor, HSDA, as well as for each potential
confounder listed above. An age- and sex-
adjusted model was then fit to compare
HSDAs. A full main effects model that
included all potential confounders was fit
to provide covariate-adjusted odds ratios
(adj-ORs) for comparison of multimorbid-
ity prevalence estimates across HSDAs. All
models incorporated the survey weights
supplied with the CCHS data to produce
results generalizable to the population of
BC, within the bounds of the sampling
frame for the CCHS. Fraser South was
used as the reference HSDA as it had the
largest sample size (n = 1376), providing
more stable OR estimates.

Interaction models (considered separately)
included smoking status by alcohol con-
sumption, smoking status by physical
activity and smoking status by income.
Each of these interaction terms was added
to the covariate-adjusted main effects
model. It was hypothesized that smoking
status would have a stronger effect with
regular alcohol consumption, low physical
activity and low  income level.
Furthermore, age group by household
income group and age group by smoking
status were also considered potential
interactions, with the hypothesis that the
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effect of income would be more pro-
nounced in younger than older age
groups, and that the effect of smoking
would be less pronounced in younger age
groups. No effect modification terms were
considered as a theoretical justification
was not clear for testing any interaction
between HSDA and the covariates.

Missing data analysis

The proportion of participants with miss-
ing covariate values was assessed for each
covariate separately and then multiple
imputation using chained equations with
five iterations of 20 imputations was per-
formed for each participant with a missing
value.”’ These imputed datasets were
combined and analyzed to produce a
pooled estimate and adjusted OR of multi-
morbidity for each HSDA compared with
the reference HSDA, including all partici-
pants excluded due to missing values for
one or more covariates for the final main
effects model. This pooled and adjusted
OR was compared with the results of the
main effects model as a sensitivity analy-
sis to assess robustness to missing data.

Sensitivity analysis

In the sensitivity analysis, the multimor-
bidity index definition was varied by com-
bining four chronic pain conditions
(scoliosis, fibromyalgia, arthritis and back
problems) into a single indicator variable.
Because arthritis and back problems were

very common conditions in the sample,
with 25.4% and 20.8% of the population
reporting these conditions, respectively,
these variables were combined with two
other potentially related chronic pain con-
ditions (scoliosis and fibromyalgia). The
population prevalence of one or more of
these four chronic pain conditions in BC
was 38.2%. This chronic pain indicator
variable was used as one condition within
a revised multimorbidity index. From this
revised multimorbidity index, the propor-
tion of people with 3 + chronic conditions
was recalculated to obtain a more conser-
vative estimate of multimorbidity. The
data was then reanalyzed using this
revised multimorbidity definition.

Data management was conducted in SAS
software, University Edition (SAS Institute
Inc., Cary, NC, USA), while analyses and
some final data management were con-
ducted in R version 3.4.4 (R Core Team,
Vienna, Austria).

Results
Data description

In BC, the estimated prevalence of multi-
morbidity (3+ chronic conditions) in
2015/16 was 17% (95% CI: 16%-18%)
with the total number of people affected
estimated at 681 921 (Table 1). Significant
variation was observed in the estimated
prevalence of multimorbidity by HSDA
within BC. Richmond and Vancouver had
the lowest prevalence at 10.2% and
11.6%, respectively, while Okanagan, North
Vancouver Island and Central Vancouver
Island had the highest at 22% (Table 1).

There was statistically significant varia-
tion (Rao-Scott test-based p < .05) in esti-
mated multimorbidity prevalence across
all sociodemographic characteristics of
participants, except fruit and vegetable
consumption (Table 2). By age group,
multimorbidity prevalence estimates rose
from 5% for ages 12 to 29 years up to
38% for those aged 80 years and over. By
sex, females in BC had higher prevalence
of multimorbidity than males (20% vs.
14%). Multimorbidity estimates were asso-
ciated with income group: the highest
income group (= $80 000) had the lowest
prevalence (12%) while the lowest
income group (< $20 000) had the high-
est prevalence at 27% (Table 2). Daily
smoking status was related to higher esti-
mated prevalence of multimorbidity (27%)
than occasional/no smoking (16%). People
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TABLE 1
Multimorbidity prevalence by health service delivery area:
CCHS 2015/16, British Columbia subpopulation

Multimorbidity Multimorbidity Multimorbidity

Health service delivery area — )" ©%)? 95% CI
Central Vancouver Island 232 119 267 21.9 18.1-25.6
East Kootenay 141 50 253 18.0 14.6-21.3
Fraser East 215 12 031 19.6 16.0-23.1
Fraser North 237 47739 15.1 12.4-17.7
Fraser South 294 86 445 17.5 14.8-20.1
Kootenay-Boundary 158 13 542 19.6 15.9-23.4
North Shore/Coast Garibaldi 188 35216 15.0 12.0-17.9
North Vancouver Island 200 22 615 22.0 18.2-25.9
Northeast 127 9435 16.3 12.5-20.0
Northern Interior 210 24 480 21.3 17.7-24.9
Northwest 123 9942 19.3 15.0-23.5
Okanagan 285 67901 223 19.0-25.5
Richmond 108 19 252 10.2 7.7-12.6
South Vancouver Island 237 56 317 17.2 14.5-19.9
Thompson/Cariboo 207 37773 20.4 16.9-23.9
Vancouver 173 69 714 11.6 9.0-14.2
British Columbia (total) 3135 681921 16.9 16.0-17.8
British Columbia (sensitivity 2615 576 075 143 13.4-15.0

analysis definition)

Abbreviations: CCHS, Canadian Community Health Survey; Cl, confidence interval.
Note: Multimorbidity is defined as the presence of 3 or more chronic conditions.
2N and % are weighted to the total British Columbia population using CCHS sample weights.

in households where the education level
was less than secondary school had the
highest estimated prevalence of multimor-
bidity (39%) of any covariate group.
People classified as obese had an esti-
mated higher prevalence of multimorbid-
ity (26%) than people in overweight and
under/normal BMI groups (14%-16%).

Results from statistical analysis

The univariable analysis of multimorbid-
ity by HSDA showed significant variation
in the estimated prevalence of multimor-
bidity, with two HSDAs (Richmond and
Vancouver) being lower than the reference
HSDA (Fraser South), and three HSDAs
(Central Vancouver Island, North Vancouver
Island and Okanagan) being higher than
the reference HSDA (Table 3). After adjust-
ing for multiple potential confounders,
Richmond and Vancouver HSDAs still had
significantly lower multimorbidity preva-
lence than Fraser South, while others did
not differ significantly from Fraser South
or each other (Table 3).

Missing data analysis
Three covariates had over 5% of partici-
pants with missing values: BMI (13.6%),
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physical activity (11.6%) and fruit and
vegetable consumption (6.8%), while the
other three variables with missing val-
ues—smoking status, alcohol consump-
tion and household income group—had
fewer than 4% missing. Multiple imputa-
tion was performed twenty times on seven
variables (smoking, income, education,
fruit and vegetable consumption, alcohol
consumption, physical activity and BMI)
using HSDA, age group, sex, income,
physical activity, alcohol consumption,
fruit and vegetable consumption, BMI,
education and smoking status to predict
the missing values. The results of the sur-
vey-weighted logistic regression of the
imputed data showed similar results to
the final main effects analysis, with
Richmond and Vancouver HSDAs having
significantly lower adjusted prevalence of
multimorbidity than Fraser South (refer-
ence HSDA) (Table 3).

Sensitivity analysis

Using the more conservative definition of
multimorbidity, the prevalence of multi-
morbidity in BC was estimated at 14.3 %,
with an estimated 576 075 people living

with multimorbidity (Table 1). Estimated
prevalence across all HSDAs was lower in
the sensitivity analysis than in the main
analysis; however, it did not decline equally
across the HSDAs. Richmond and Vancouver
had smaller proportionate decreases than
other HSDAs (Figure 2). Crude and adjusted
logistic regression analyses showed simi-
lar differences in multimorbidity preva-
lence estimates across HSDAs. Richmond’s
adjusted OR was 0.49 (95% CI: 0.32-0.75);
however, Vancouver’s adjusted OR was
0.69 (95% CI: 0.45-1.06) and was not sta-
tistically significant (p = .09) (results of
sensitivity analysis available on request).

Discussion

This is the first study to estimate the pro-
portion and number of BC residents living
with multimorbidity in each HSDA and to
compare multimorbidity prevalence esti-
mates across HSDAs after controlling for
potentially confounding variables. A large
number of people in BC are estimated to
be affected by multimorbidity (between
576075 and 681921 people; 13.4%-16.9%
of the population). The main finding of
this study was that Vancouver and
Richmond had significantly lower preva-
lence of multimorbidity, compared to the
reference HSDA, after control of multiple
known confounders. None of the other
HSDAs had a significantly different preva-
lence of multimorbidity from the reference
HSDA (Fraser South) or from one another.

The lower estimated prevalence of multi-
morbidity may be due to residual con-
founding (e.g. income level; the highest
level was $80000 +, which does not take
into account advantages of increasing
income beyond $80000). The differences
in multimorbidity estimates may also be
due to unmeasured confounders such as
ethnic origin or immigration status, which
are known to vary across regions. Persons
born outside of Canada tend to experi-
ence lower levels of multimorbidity
(healthy immigrant effect) while Indigenous
populations tend to face higher levels of
multimorbity.?*?®* The differences in the
proportions of immigrant and Indigenous
populations between HSDAs may, there-
fore, be able to explain differences in
multimorbidity across HSDAs. Differences
in urban form may also explain differ-
ences in multimorbidity prevalence. Urban
form has complex and poorly understood
effects on chronic disease incidence and
prevalence. Features of urban form, for
example, transportation systems, act upon
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TABLE 2
Multimorbidity prevalence by sociodemographic factors:
CCHS 2015/16, British Columbia subpopulation

Sociodemographic factor N Multimorbidity (%) 95% CI
Age (years)
12-29 409 015 4.6 2.6-6.6
3049 1235321 7.1 59-83
50-64 958 272 14.6 12.7-16.6
65-79 920 341 26.0 23.8-28.1
80+ 514 512 38.2 35.5-40.9
Sex
Females 2045 234 19.9 18.6-21.2
Males 1992228 13.8 12.6-15.0
Household income ($)
<20 000 292 057 26.7 23.4-30.0
20 000-39 999 632 028 27.5 24.8-30.1
40 000-59 999 615 696 19.4 17.3-21.6
60 000—-79 999 591 057 13.3 11.2-15.4
>80 000 1902 665 12.2 10.9-13.4
Current smoking
Occasionally/not at all 3 667 207 15.9 15.0-16.8
Daily 367 369 26.9 23.2-30.5
Alcohol drinking (past 12 months)
Regular 2427 755 15.5 14.4-16.6
Occasional 624 794 18.2 16.0-20.5
Not at all 954 734 19.8 17.7-21.8
Fruit and vegetable consumption (daily)
< 5 servings 2591313 16.2 15.2-17.3
> 5 servings 1154123 16.3 14.7-18.0
Physical activity (WHO guidelines)
Active 182 751 14.4 13.1-15.7
Moderately active 586 983 18.7 16.2-21.2
Somewhat active 620 207 178 15.8-19.9
Inactive 567 953 27.3 24.3-30.2
Household education
< Secondary 150 780 39.0 34.3-43.7
Secondary graduate 62 232 21.1 18.7-23.4
Postsecondary graduate 3081 325 14.9 13.9-15.9
Body mass index
Under/normal weight 1509 166 14.1 12.6-15.6
Overweight 1237 534 15.9 14.3-17.4
Obese 747 209 26.2 23.9-28.6

Abbreviations: CCHS, Canadian Community Health Survey; Cl, confidence interval; WHO, World Health Organization.
Note: Crude survey-weighted denominators and percentages are presented.

multiple potential risk factors, such as
physical activity or sense of community,
which in turn could affect multimorbidity
prevalence.”

A recent analysis by BCCDC scientists of
age-adjusted multimorbidity prevalence in
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BC by HSDA showed similarly low preva-
lence in Richmond and Vancouver, although
not as pronounced a difference as in the
estimates in the present study.’ The BCCDC
estimates were higher, averaging 29%
across BC, due to the use of a 2+ chronic
condition definition of multimorbidity, and

restriction to persons aged > 20 years.’
The Feely et al. multimorbidity (3 + chronic
conditions) prevalence estimate for BC
(9.1%) was lower than the multimorbidity
prevalence estimates from the main analy-
sis (16.9%) and sensitivity analysis (13.4%),
likely due to different conditions included,
data sources and time period.” Compared
to Roberts et al., who also used CCHS to
estimate the prevalence of 3+ chronic
conditions in BC (3.9%) in 2011/12, the
multimorbidity prevalence estimates in
this paper appear high.?* The exclusion of
hypertension, the most prevalent chronic
condition in CCHS, and use of nine condi-
tions from the CCHS to define multimor-
bidity may explain the lower prevalence
finding of Roberts et al.**

Patterns in multimorbidity prevalence across
known confounders, such as age group,
sex, income, smoking status, education
and physical activity were consistent with
the literature.>>* Regular and occasional
drinkers had a lower estimated prevalence
of multimorbidity compared to nondrink-
ers. This relationship has been explored
elsewhere,’ with the “sick-quitter” hypoth-
esis offered as a potential explanation.
Fruit and vegetable consumption (< 5 vs.
5+ servings per day) was not related to
multimorbidity prevalence in crude analy-
sis (Table 2) or adjusted analyses (results
not shown), which was not consistent
with the literature.>3? People classified as
obese had a higher prevalence of multi-
morbidity (Table 2), and the BMI variable
was significant in univariable and multi-
variable models (data not shown). Recent
literature on BMI and multimorbidity has
shown a large and significant effect of
obesity on multimorbidity prevalence, and
this study’s findings were consistent (adj-
OR for multimorbidity between obese and
normal/under weight was 2.14 [95% CI:
1.76-2.60]; data not shown).?>%

Strengths and limitations

All members of the population aged
12 years and older, with the exception of
First Nations communities, were included
in this study. Multimorbidity was defined
from 17 candidate conditions using the
more clinically relevant definition of 3 +
conditions. Multiple risk factors for multi-
morbidity were adjusted for in the analy-
sis, which studies and surveillance systems
employing administrative data generally
cannot do. Findings from the main analy-
sis were robust to missing data for covari-
ates and were also substantially similar
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TABLE 3

Logistic regression analysis of multimorbidity prevalence by health service delivery area:

Crude OR

Health service delivery area

CCHS 2015/16, British Columbia subpopulation

Age/sex-adjusted OR

Covariate-adjusted OR

Multiple imputation pooled OR

(95% CI)

(95% CI)

(95% CI)

(95% CI)

Central Vancouver Island
East Kootenay

Fraser East

Fraser North

Fraser South
Kootenay-Boundary
North Shore/Coast Garibaldi
North Vancouver Island
Northeast

Northern Interior
Northwest

Okanagan

Richmond

South Vancouver Island
Thompson/Cariboo

Vancouver

1.33 (1.00-1.76)
1.04 (0.77-1.39)
1.15 (0.86-1.54)
0.84 (0.64-1.11)
1.00 (ref)

1.15 (0.86-1.56)
0.83 (0.62-1.12)
1.34 (1.00-1.79)
0.92 (0.66-1.28)
1.28 (0.97-1.70)
1.13 (0.84-1.57)
1.36 (1.04-1.77)
0.53 (0.39-0.74)
0.99 (0.76-1.28)
1.21 (0.91-1.61)
0.62 (0.45-0.85)

1.07 (0.79-1.45)
0.89 (0.65-1.23)
1.15 (0.84-1.57)
0.85 (0.64-1.13)
1.00 (ref)

0.96 (0.70-1.32)
0.71 (0.52-0.97)
1.09 (0.80-1.48)
1.10 (0.80-1.52)
1.28 (0.95-1.74)
1.07 (0.76-1.51)
1.13 (0.85-1.50)
0.47 (0.34-0.66)
0.85 (0.64-1.13)
1.02 (0.76-1.37)
0.62 (0.45-0.87)

1.18 (0.56-1.44)
0.84 (0.58-1.21)
1.12 (0.77-1.63)
0.89 (0.63-1.25)
1.00 (ref)

0.83 (0.57-1.20)
0.79 (0.55-1.14)
1.11 (0.78-1.58)
0.92 (0.62-1.36)
1.19 (0.84-1.67)
0.89 (0.59-1.35)
1.13 (0.81-1.56)
0.55 (0.37-0.82)
0.92 (0.67-1.28)
0.93 (0.66-1.31)
0.65 (0.44-0.97)

1.07 (0.79-1.45)
0.82 (0.59-1.13)
1.04 (0.74-1.45)
0.84 (0.62-1.13)
1.00 (ref)

0.82 (0.59-1.14
0.80 (0.58-1.11
1.02 (0.75-1.38
0.93 (0.66-1.32
1.14 (0.84-1.56
0.98 (0.68-1.40
1.11 (0.83-1.47)
0.50 (0.35-0.71)
0.87 (0.66-1.16)
0.88 (0.64-1.20)
0.64 (0.45-0.90)

)
)
)
)
)
)

Abbreviations: CCHS, Canadian Community Health Survey; Cl, confidence interval; OR, odds ratio.
Notes: Covariate-adjusted models controlled for age group, sex, household income group, smoking status, alcohol consumption, physical activity level, fruit/vegetable consumption, household

education and BMI.
Bolded values are significant at a =.05.

when a revised definition of multimorbid-
ity was used in the sensitivity analysis.

This study carries the limitations of the
CCHS as well as some specific to this
analysis. First, the definition of multi-
morbidity used here was based on self-
reported diagnoses of the chronic
conditions included in the CCHS, as were
covariates. This may introduce some dif-
ferential misclassification bias across HSDAs,
although the extent of this potential mis-
classification bias cannot be assessed
within the present study. A further limita-
tion of the multimorbidity definition used
here is the equal weighting of all cancers.
Because CCHS does not provide informa-
tion about cancer site, differential weight-
ing of cancer sites could not be addressed
in this study’s multimorbidity index.

Second, the CCHS excludes First Nations
reserve communities by design, limiting
interpretation to off-reserve populations.
In 2016, there were an estimated 172520
First Nations persons living in BC, of
whom 40.1% (69 180) were estimated to
live on-reserve.** The adjusted odds ratio
for multimorbidity (3 + conditions) has been
estimated at 2.7 (95% CI: 2.2-3.4) among
Indigenous compared to non-Indigenous

Canadians.** Therefore, this study may
have underestimated the true prevalence
of multimorbidity in BC. Potential solu-
tions are discussed later on.

Third, people who do not have a perma-
nent dwelling or access to a regular tele-
phone are excluded from the sampling
frame. These populations may be at par-
ticular risk for multimorbidity, given its
socioeconomic dimensions.*

Fourth, CCHS data is collected cross-
sectionally, which means temporality can-
not be established. For example, in the
relationship between BMI and multimor-
bidity, obese persons were found to have
higher estimated prevalence of multimor-
bidity; however, it is not known whether
multimorbidity preceded obesity, or vice
versa. Because of the way it is collected,
multiple years of cross-sectional data,
such as the CCHS provides, could be
assembled longitudinally, yet the data will
remain cross-sectional.

Implications and applications
The main implication of this study, given

the substantial number of people esti-
mated to be living with multimorbidity in
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BC in each HSDA, ranging from 9435 to
119267 people in 2015/16, is that policy
and program development for integrated
patient-centred care coordination are war-
ranted. In BC, RHAs are tasked with
developing policy and setting priorities for
regional health, as well as developing
regional health plans for health services,
facilities, programs, human resource
requirements and activities in support of
regional health.’? RHAs could explicitly
incorporate multimorbidity as a focal
point for integrated patient-centred care
within these functions. Patients with
multimorbidity report concerns with dis-
ease-centred rather than patient-centred
care and desire that patient priorities be
given more consideration in planning,
and that patients are involved in care
decisions.3¢

A starting point for integrated patient-
centred care planning may be as simple as
developing a policy and setting multimor-
bidity care as a priority within each RHA,
considering both case complexity and care
complexity in such policies.?”*® Models for
and effective elements of integrated
patient-centred care for multimorbidity
have been reviewed elsewhere and would
need consideration within the BC context
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FIGURE 2

Multimorbidity prevalence by health service delivery area: Canadian Community Health Survey 2015/16,

British Columbia subpopulation
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5% 10%

15%
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B Multimorbidity (sensitivity analysis)

Note: Multimorbidity is defined as the presence of 3 or more chronic conditions.

and within each RHA.**° Multimorbidity
care coordinators that could listen to the
concerns of patients and help coordinate
their experience and involvement in care
decisions across facilities and providers
may be a valuable place to begin for tan-
gible service delivery to older patients
with multimorbidity.*

In addition to addressing integrated patient-
centred care for patients with multi-
morbidity explicitly, RHAs could also use
these results to justify upstream preven-
tion activities. Conducting predictive mod-
elling would help determine how health
promotion strategies could be targeted to
those at greatest risk of multimorbidity
provincially, by RHA or by HSDA. The
CCHS would be a valuable data source for
multimorbidity predictive modelling, and
such modelling would be a natural exten-
sion of this study. Briefly, from the crude

Vol 40, No 7/8, July/August 2020

prevalence estimates (Table 2), it appears
those with lowest education levels, those
in low-income households, people with
obesity, those who are inactive physi-
cally and daily smokers are groups that
would benefit from targeted prevention
programming.

To help fill gaps in multimorbidity surveil-
lance and research in BC, administrative
health data may be combined with survey
and census data, and more participatory
approaches adopted for policy and pro-
gram development. A recent request-
to-contact study initiated in BC used
administrative data to identify a large
number (n = 12000) of people with and
without systemic autoimmune rheumatic
diseases (SARDs) and then subsequently
contacted them for enrollment in a cohort
study.* This was the first instance of this
form of research in Canada. This method

could be valuable in recruiting regionally
representative numbers of people with
multimorbidity, using the numbers pre-
sented in this paper as a sampling frame.
This method could support involvement
of patients in epidemiological and health
service research that could be incorpo-
rated into policy development and the set-
ting of priorities by RHAs.

Collaboration with First Nations in BC
who are excluded from the CCHS could
improve the representativeness of regional
estimates of multimorbidity prevalence as
well as the appropriateness of any policies
to address multimorbidity developed with
RHAs. This could involve collaboration
with the First Nations Health Authority of
BC in multimorbidity surveillance and
research through the First Nations Regional
Longitudinal Health Survey (RHS). The
RHS is a First Nations-owned survey
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conducted across Canada that provides
high-quality data with the ability to assess
multimorbidity among First Nations com-
munities and the potential for linkage
with administrative data.***¢ Multimorbidity
could be a lens through which to examine
known challenges in care coordination
among First Nations peoples, as there are
substantial numbers of First Nations peo-
ple on- and off-reserve living with multi-
morbidity who are facing such challenges.***
If BC’s Ministry of Health and RHAs decide
to address multimorbidity directly through
policy and program development, a con-
sultation process with First Nations would
be an important component of this work.
If First Nations in BC agreed to participate
in such a consultation, it could provide a
stronger basis for policy and program
development that legitimately meets the
needs of First Nations in BC for integrated
patient-centred care for people living with
multimorbidity.

Conclusion

This study demonstrates the usefulness of
survey data in estimating the prevalence
of multimorbidity for health services
researchers within BC. Adjustment for key
risk factors for multimorbidity affected
prevalence estimates but did not explain
the significantly lower estimated preva-
lence of multimorbidity in Vancouver and
Richmond. Ongoing multimorbidity sur-
veillance and research are needed in BC to
provide support to practitioners and policy
makers seeking to influence the preva-
lence and incidence of multimorbidity,
and the care of people living with multi-
morbidity. The CCHS represents a valu-
able source of data for such analyses, and
may be integrated with other surveys,
administrative data and census data to
provide a more complete picture of
regional multimorbidity prevalence within
BC. Given the large number of people liv-
ing with multimorbidity in BC, policy
development and priority setting for
multimorbidity are warranted in all RHAs
and throughout the province.

Conflicts of interest

None.

Author contribution and
statement

CAB designed the study, conducted the
analysis, and drafted the manuscript and
takes complete responsibility for its contents.

Health Promotion and Chronic Disease Prevention in Canada

Research, Policy and Practice

The content and views expressed in this
article are those of the author and do not
necessarily reflect those of the Government
of Canada or any other entities.

References

1. Katikireddi SV, Skivington K, Leyland
AH, Hunt K, Mercer SW. The contri-
bution of risk factors to socioecono-
mic inequalities in multimorbidity
across the lifecourse: a longitudinal
analysis of the Twenty-07 cohort.
BMC Med [Internet]. 2017 [cited 2019
May 13];15(1):152. doi:10.1186/s12916
-017-0913-6.

2. Barnett K, Mercer SW, Norbury M,
Watt G, Wyke S, Guthrie B. Epide-
miology of multimorbidity and impli-
cations for health care, research, and
medical education: a cross-sectional
study. Lancet. 2012;380(9836):37-43.
d0i:10.1016/S0140-6736(12)60240-2.

3. Xu X, Mishra GD, Jones M. Evidence
on multimorbidity from definition to
intervention: an overview of systema-
tic reviews. Ageing Res Rev. 2017;37:
53-68. d0i:10.1016/j.arr.2017.05.003.

4. Harrison C, Britt H, Miller G,
Henderson J. Examining different
measures of multimorbidity, using a
large prospective cross-sectional study
in Australian general practice. BMJ
Open [Internet]. 2014 [cited 2018 Oct
03];4(7):e004694. doi:10.1136/bmjopen
-2013-004694.

5. Fortin M, Stewart M, Poitras ME,
Almirall J, Maddocks H. A systematic
review of prevalence studies on
multimorbidity: toward a more uni-
form methodology. Ann Fam Med.
2012;10(2):142-51. doi:10.1370/afm.1337.

6. Thavorn K, Wodchis W, Maxwell C,
et al. Economic burden of multimor-
bidity in Ontario’s health care system.
Poster session presented at Health
System Performance Research Network
Symposium; 2013 Oct 22; Toronto,
Canada.

7. Feely A, Lix LM, Reimer K. Estimating
multimorbidity prevalence with the
Canadian Chronic Disease Surveillance
System. Health Promot Chronic Dis
Prev Can. 2017;37(7):215-22. doi:
10.24095/hpcdp.37.7.02.

10.

11.

12.

13.

14.

15.

British Columbia Ministry of Health.
Chronic disease dashboard [Internet].
Vancouver (BC): BC Observatory for
Population and Public Health; [cited
2019 July 25]. Available from: http://
www.bccdc.ca/health-professionals
/data-reports/chronic-disease
-dashboard

Li C, Rasali D, Rose C, Roth D, Kurdi
SE, Weatherall K. Introducing a new
health indicator for British Columbia:
chronic disease multimorbidity. Poster
presented at Public Health Association
of BC conference “Simplifying Com-
plexity: Public Health Approaches
and Practice in Complex Systems”;
2019 Nov 14-15; Vancouver, Canada.

Hamm NC, Pelletier L, Ellison J, et al.
Trends in chronic disease incidence
rates from the Canadian Chronic
Disease Surveillance System. Health
Promot Chronic Dis Prev Canada.
2019;39(6/7):216-24.

Fortin M, Haggerty J, Sanche S,
Almirall J. Self-reported versus health
administrative data: implications for
assessing chronic illness burden in
populations. A cross-sectional study.
Can Med Assoc J Open. 2017;5(3):
E729-E733. d0i:10.9778/cmajo.20170029.

Government of British Columbia. Health
Authorities Act [Internet]. Victoria
(BC): Queen’s Printer; 1996 [cited
2019 Dec 15]. Available from: http://
www.bclaws.ca/civix/document/id
/complete/statreg/96180_01

Greenwald HP. Management challen-
ges in British Columbia’s healthcare
system. J Health Organ Manag. 2017;
31(4):418-29.  doi:10.1108/JHOM-03
-2017-0059.

BC Stats and BC Ministry of Health.
Health boundaries [Internet]. Victoria
(BC): Government of British Columbia;
[date unknown; cited 2019 Dec 24].
Available from: https://www2.gov.bc
.ca/gov/content/data/geographic-data
-services/land-use/administrative
-boundaries/health-boundaries

Deering KN, Lix LM, Bruce S, Young
TK. Chronic diseases and risk factors
in Canada’s northern populations:
longitudinal and geographic compari-
sons. Can J Public Health. 2009;
100(1):14-7.

Vol 40, No 7/8, July/August 2020



https://doi.org/10.1186/s12916-017-0913-6
https://doi.org/10.1186/s12916-017-0913-6
https://doi.org/10.1016/S0140-6736(12)60240-2
https://doi.org/10.1016/j.arr.2017.05.003
https://doi.org/10.1136/bmjopen-2013-004694
https://doi.org/10.1136/bmjopen-2013-004694
https://doi.org/10.1370/afm.1337
https://doi.org/10.24095/hpcdp.37.7.02
http://www.bccdc.ca/health-professionals/data-reports/chronic-disease-dashboard
http://www.bccdc.ca/health-professionals/data-reports/chronic-disease-dashboard
http://www.bccdc.ca/health-professionals/data-reports/chronic-disease-dashboard
http://www.bccdc.ca/health-professionals/data-reports/chronic-disease-dashboard
https://doi.org/10.9778/cmajo.20170029
http://www.bclaws.ca/civix/document/id/complete/statreg/96180_01

http://www.bclaws.ca/civix/document/id/complete/statreg/96180_01

http://www.bclaws.ca/civix/document/id/complete/statreg/96180_01

https://doi.org/10.1108/JHOM-03-2017-0059
https://doi.org/10.1108/JHOM-03-2017-0059
https://www2.gov.bc.ca/gov/content/data/geographic-data-services/land-use/administrative-boundaries/health-boundaries
https://www2.gov.bc.ca/gov/content/data/geographic-data-services/land-use/administrative-boundaries/health-boundaries
https://www2.gov.bc.ca/gov/content/data/geographic-data-services/land-use/administrative-boundaries/health-boundaries
https://www2.gov.bc.ca/gov/content/data/geographic-data-services/land-use/administrative-boundaries/health-boundaries

16.

17.

18.

19.

20.

21.

22.

23.

Wister A V, Levasseur M, Griffith LE,
Fyffe I. Estimating multiple morbidity
disease burden among older persons:
a convergent construct validity study
to discriminate among six chronic
illness measures, CCHS 2008/09. BMC
Geriatr [Internet]. 2012;15:12. doi:
10.1186/512877-015-0001-8.

Bruce SG, Riediger ND, Lix LM.
Chronic disease and chronic disease
risk factors among First Nations, Inuit
and Métis populations of northern
Canada. Chronic Dis Inj Can. 2014;
34(4):210-7.

Sarkar J, Lix LM, Bruce S, Young TK.
Ethnic and regional differences in
prevalence and correlates of chronic
diseases and risk factors in northern
Canada. Prev Chronic Dis [Internet].
2010 [cited 2018 Oct 03];7(1):A13.
Available from: https://www.ncbi.nlm
.nih.gov/pmc/articles/PMC2811508/

Basham CA, Karim ME. Multim-
orbidity prevalence in Canada: a
comparison of northern territories
with provinces, 2013/14. Int J
Circumpolar Health [Internet]. 2019
[cited 2019 Aug 07];78(1):1607703.
doi:10.1080,/22423982.2019.1607703.

Statistics Canada. Canadian Community
Health Survey - Annual Component
User Guide: 2014 and 2013-2014 Micro-
data Files. Ottawa (ON): Government
of Canada; 2015. Available from: http://
sda.chass.utoronto.ca/sdaweb/dli2
/cchs/cchs2014/more_doc/CCHS
_2014_2013-2014_User_Guide.pdf

Brilleman SL, Salisbury C. Comparing
measures of multimorbidity to predict
outcomes in primary care: a Cross
sectional study. Fam Pract. 2013;30(2):
172-8. doi:10.1093 /fampra/cms060.

Booth HP, Prevost AT, Gulliford MC.
Impact of body mass index on preva-
lence of multimorbidity in primary
care: cohort study. Fam Pract. 2014;
31(1):38-43. doi:10.1093/fampra/cmt061.

Schigtz ML, Stockmarr A, Hgst D,
Gliimer C, Frglich A. Social dispari-
ties in the prevalence of multimorbi-
dity—a register-based population study.
BMC Public Health [Internet]. 2017
[cited 2018 Dec 11];17(1):422. doi:
10.1186/s12889-017-4314-8.

Vol 40, No 7/8, July/August 2020

24.

25.

26.

27.

28.

29.

30.

31.

Roberts KC, Rao DP, Bennett TL,
Loukine L, Jayaraman GC. Prevalence
and patterns of chronic disease multi-
morbidity and associated determi-
nants in Canada. Health Promot
Chronic Dis Prev Canada. 2015;35(6):
87-94.

Rao JN, Scott AJ. On chi-squared
tests for multiway contingency tables
with cell proportions estimated from
survey data. Ann Statist. 1984;12(1):
46-60.

Best H, Wolf C, Heeringa SG, West
BT, Berglund PA. Regression with
complex samples. In: Best H, Wolf C,
editors. The SAGE handbook of
regression analysis and causal infer-
ence. London (UK): SAGE Publications;
2014:225-48.

Sterne JA, White IR, Carlin JB, et al.
Multiple imputation for missing data
in epidemiological and clinical research:
potential and pitfalls. BMJ. 2009;
338:b2393. d0i:10.1136/bmj.b2393.

Vang ZM, Sigouin J, Flenon A, Gagnon
A. Are immigrants healthier than
native-born Canadians? A systematic
review of the healthy immigrant effect
in Canada. Ethn Health. 2017;22(3):
209-41.  doi:10.1080/13557858.2016
.1246518.

McCormack GR, Cabaj J, Orpana H,
et al. A scoping review on the rela-
tions between urban form and health:
a focus on Canadian quantitative evi-
dence. Health Promot Chronic Dis
Prev Can. 2019;39(5):187-200. doi:
10.24095/hpcdp.39.5.03.

Prados-Torres A, Calderén-Larrafiaga
A, Hancco-Saavedra J, Poblador-Plou
B, van den Akker M. Multimorbidity
patterns: a systematic review. J Clin
Epidemiol. 2014;67(3):254-66. doi:
10.1016/j.jclinepi.2013.09.021.

Han BH, Moore AA, Sherman SE,
Palamar JJ. Prevalence and correlates
of binge drinking among older adults
with multimorbidity. Drug Alcohol
Depend. 2018;187:48-54. doi:10.1016
/j.drugalcdep.2018.01.038.

32.

33.

34.

35.

36.

37.

38.

39.

Fortin M, Haggerty J, Almirall J,
Bouhali T, Sasseville M, Lemieux M.
Lifestyle factors and multimorbidity:
a cross sectional study. BMC Public
Health [Internet]. 2014 [cited 2019 Aug
07];14:686. doi:10.1186,/1471-2458-14
-686.

Lebenbaum M, Zaric GS, Thind A,
Sarma S. Trends in obesity and multi-
morbidity in Canada. Prev Med
(Baltim). 2018;116:173-9. doi:10.1016
/j.ypmed.2018.08.025.

Statistics Canada. Focus on Geography
Series, 2016 Census [Internet]. Ottawa
(ON): Statistics Canada; 2017 [modi-
fied 2019 Apr 18; cited 2020 Mar 17]
[Catalogue No.: 98-404-X2016001].
Available from: https://www12.statcan
.gc.ca/census-recensement/2016/as
-sa/fogs-spg/Facts-can-eng.cfm?Lang
=Eng&GK = CAN&GC = 01&TOPIC=1

Young TK, Ng C, Chatwood S.
Assessing health care in Canada’s
North: what can we learn from
national and regional surveys? Int J
Circumpolar Health [Internet]. 2015
[cited 2018 Oct 03];74:28436. doi:
10.3402/ijch.v74.28436.

Schigtz ML, Hegst D, Frglich A.
Involving patients with multimorbi-
dity in service planning: perspectives
on continuity and care coordination.
J Comorbidity. 2016;6(2):95-102. doi:
10.15256/j0¢.2016.6.81.

Rijken M, Struckmann V, van der
Heide I, et al. How to improve care
for people with multimorbidity
in Europe? [Internet]. Copenhagen
(Denmark): European Observatory on
Health Systems and Policies [Policy
brief, No. 23]; 2016. 31 p. Available
from: http://www.euro.who.int/__data
/assets/pdf_file/0004/337585/PB_23
.pdf?zua=1

Doessing A, Burau V. Care coordina-
tion of multimorbidity: a scoping
study. J Comorbidity. 2015;5(1):15-28.
doi:10.15256/joc.2015.5.39.

Struckmann V, Leijten FRM, van
Ginneken E, et al. Relevant models
and elements of integrated care for
multi-morbidity: results of a scoping
review. Health Policy (New York). 2018;
122(1):23-35. doi:10.1016/j.healthpol
.2017.08.008.

Health Promotion and Chronic Disease Prevention in Canada

Research, Policy and Practice



https://doi.org/10.1186/s12877-015-0001-8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2811508/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2811508/
https://doi.org/10.1080/22423982.2019.1607703
http://sda.chass.utoronto.ca/sdaweb/dli2/cchs/cchs2014/more_doc/CCHS_2014_2013-2014_User_Guide.pdf
http://sda.chass.utoronto.ca/sdaweb/dli2/cchs/cchs2014/more_doc/CCHS_2014_2013-2014_User_Guide.pdf
http://sda.chass.utoronto.ca/sdaweb/dli2/cchs/cchs2014/more_doc/CCHS_2014_2013-2014_User_Guide.pdf
http://sda.chass.utoronto.ca/sdaweb/dli2/cchs/cchs2014/more_doc/CCHS_2014_2013-2014_User_Guide.pdf
https://doi.org/10.1093/fampra/cms060
https://doi.org/10.1093/fampra/cmt061
https://doi.org/10.1186/s12889-017-4314-8
https://doi.org/10.1136/bmj.b2393
https://doi.org/10.1080/13557858.2016.1246518
https://doi.org/10.1080/13557858.2016.1246518
https://doi.org/10.24095/hpcdp.39.5.03
https://doi.org/10.1016/j.jclinepi.2013.09.021
https://doi.org/10.1016/j.drugalcdep.2018.01.038
https://doi.org/10.1016/j.drugalcdep.2018.01.038
https://doi.org/10.1186/1471-2458-14-686
https://doi.org/10.1186/1471-2458-14-686
https://doi.org/10.1016/j.ypmed.2018.08.025
https://doi.org/10.1016/j.ypmed.2018.08.025
https://www12.statcan.gc.ca/census-recensement/2016/as-sa/fogs-spg/Facts-can-eng.cfm?Lang=Eng&GK=CAN&GC=01&TOPIC=1
https://www12.statcan.gc.ca/census-recensement/2016/as-sa/fogs-spg/Facts-can-eng.cfm?Lang=Eng&GK=CAN&GC=01&TOPIC=1
https://www12.statcan.gc.ca/census-recensement/2016/as-sa/fogs-spg/Facts-can-eng.cfm?Lang=Eng&GK=CAN&GC=01&TOPIC=1
https://www12.statcan.gc.ca/census-recensement/2016/as-sa/fogs-spg/Facts-can-eng.cfm?Lang=Eng&GK=CAN&GC=01&TOPIC=1
https://doi.org/10.3402/ijch.v74.28436
https://doi.org/10.15256/joc.2016.6.81
http://www.euro.who.int/__data/assets/pdf_file/0004/337585/PB_23.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0004/337585/PB_23.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0004/337585/PB_23.pdf?ua=1
https://doi.org/10.15256/joc.2015.5.39
https://doi.org/10.1016/j.healthpol.2017.08.008
https://doi.org/10.1016/j.healthpol.2017.08.008

40.

41.

42.

43.

Poitras ME, Maltais ME, Bestard-
Denommé L, Stewart M, Fortin M.
What are the effective elements in
patient-centered and multimorbidity
care? A scoping review. BMC Health
Serv Res [Internet]. 2018 [cited 2020
Jan 02];18(1):446. doi:10.1186/s12913
-018-3213-8.

Boye LK, Mogensen CB, Mechlenborg
T, Waldorff FB, Andersen PT. Older
multimorbid patients’ experiences on
integration of services: a systematic
review. BMC Health Serv Res [Inter-
net]. 2019 [cited 2020 Jan 2];19(1):
795. doi:10.1186/512913-019-4644-6.

McCormick N, Reimer K, Famouri A,
Marra CA, Avina-Zubieta JA. Filling
the gaps in SARDs research: collec-
tion and linkage of administrative
health data and self-reported survey
data for a general population-based
cohort of individuals with and with-
out diagnoses of systemic autoim-
mune rheumatic disease (SARDs)
from British Columbia, Canada. BMJ
Open [Internet]. 2017 [cited 2019 Dec
15];7(6):€013977. doi:10.1136/bmjopen
-2016-013977.

First Nations Information Governance
Centre (FNIGC). National report of
the First Nations Regional Health
Survey, phase 3: volume one. Ottawa
(ON): FNIGC; 2018. 174 p. Available
from:  https://fnigc.ca/sites/default
/files/docs/fnigc_rhs_phase_3_national
_report_vol_1_en_final_sm_1.pdf

44.

45.

46.

47.

Smylie J, Firestone M. Back to the
basics: identifying and addressing
underlying challenges in achieving
high quality and relevant health sta-
tistics for indigenous populations in
Canada. Stat J IAOS. 2015;31(1):67-
87. doi:10.3233/SJ1-150864.

Pollock NJ, Healey GK, Jong M,
Valcour JE, Mulay S. Tracking pro-
gress in suicide prevention in
Indigenous communities: a challenge
for public health surveillance in
Canada. BMC Public Health [Inter-
net]. 2018 [cited 2019 Dec 15];18(1):
1320. d0i:10.1186/512889-018-6224-9.

Katz A, Kinew KA, Star L, et al. The
health status of and access to health-
care by registered First Nation
peoples in Manitoba. Winnipeg (MB):
Manitoba Centre for Health Policy;
2019. 224 p. Available from: http://
mchp-appserv.cpe.umanitoba.ca
/reference//FN_Report_web.pdf

Tompkins JW, Mequanint S, Barre
DE, et al. National Survey of
Indigenous primary healthcare capa-
city and delivery models in Canada:
the TransFORmation of IndiGEnous
PrimAry HEAlthcare Delivery (FORGE
AHEAD) community profile survey.
BMC Health Serv Res [Internet]. 2018
[cited 2019 Dec 15];18:828. doi:
10.1186/S12913-018-3578-8.

CANADIAN

ASSOCIATION

The Voice of Public Health
La voix de la santé publique

https://www.cpha.ca/tobaccovapingforum2020

ASSOCIATION
PUBLIC HEALTH CANADIENNE DE
SANTE PUBLIQUE

2¢20

Tobacco and
Vaping Control
Forum

22-23 SEPTEMBER 2020
VIRTUAL

Health Promotion and Chronic Disease Prevention in Canada

Research, Policy and Practice

Vol 40, No 7/8, July/August 2020



https://doi.org/10.1186/s12913-018-3213-8
https://doi.org/10.1186/s12913-018-3213-8
https://doi.org/10.1186/s12913-019-4644-6
https://doi.org/10.1136/bmjopen-2016-013977
https://doi.org/10.1136/bmjopen-2016-013977
https://fnigc.ca/sites/default/files/docs/fnigc_rhs_phase_3_national_report_vol_1_en_final_sm_1.pdf
https://fnigc.ca/sites/default/files/docs/fnigc_rhs_phase_3_national_report_vol_1_en_final_sm_1.pdf
https://fnigc.ca/sites/default/files/docs/fnigc_rhs_phase_3_national_report_vol_1_en_final_sm_1.pdf
https://doi.org/10.3233/SJI-150864
https://doi.org/10.1186/s12889-018-6224-9
https://doi.org/10.1186/S12913-018-3578-8
https://www.cpha.ca/tobaccovapingforum2020
https://www.cpha.ca/tobaccovapingforum2020
https://www.cpha.ca/

https://doi.org/10.24095/hpcdp.40.7/8.03

Original qualitative research

Hacking systemic lupus erythematosus (SLE):

outcomes of the Waterlupus hackathon

Francesca S. Cardwell, PhD (1); Elijah Bisung, PhD (2); Ann E. Clarke, MD (3); Susan J. Elliott, PhD (1)

This article has been peer reviewed.

Abstract

Introduction: There is a growing literature demonstrating the benefits of engaging
knowledge-users throughout the research process. We engaged a multi-stakeholder
team to undertake a hackathon as part of an integrated knowledge translation (iKT)
process to develop nonpharmacological interventions to enhance the economic lives of
people with systemic lupus erythematosus (SLE). The aims of this research were to
(1) increase understanding of the economic challenges of living with SLE through stake-
holder engagement at a research hackathon; (2) investigate possible interventions to
improve the economic lives of individuals affected by SLE in Canada; and (3) document
the outcomes of the Waterlupus hackathon.

Methods: Waterlupus was held at the University of Waterloo in May 2019, attended by
lupus advocacy organization representatives, researchers, physicians, individuals with
lived experience and students. We conducted participant observation with participants’
understanding and consent; notes from the hackathon were qualitatively analyzed to
document hackathon outcomes.

Results: At the conclusion of the 28-hour hackathon event, five teams pitched nonphar-
macological interventions to address the economic challenges of living with SLE. The
winning team’s pitch focussed on increasing accessibility of affordable sun-protective
clothing. Other Waterlupus outcomes include increased awareness of SLE among par-
ticipants, and professional and informal networking opportunities.

Conclusion: This paper contributes to a limited literature on health hackathons. The
successful outcomes of Waterlupus emphasize the value of hackathons as an iKT tool.
Research about how knowledge-users perceive hackathons is an important next step.

Keywords: integrated knowledge translation, systemic lupus erythematosus, hackathon,
social innovation

throughout the research process,’? and it
is believed that iKT has potential to gener-
ate more relevant scientific outcomes (e.g.
through engaging knowledge-users in
research design), and to create better sci-

Introduction

Integrated knowledge translation (iKT) is
an approach to doing research that
involves a collaboration between research-

Highlights

e Waterlupus was an integrated knowl-
edge translation health hackathon
held in May 2019 in Waterloo,
Ontario.

e Multiple end-users participated in
Waterlupus, including lupus advo-
cacy organizations’ representatives,
researchers, physicians, individuals
with lived experience and students.

¢ The primary outcome of Waterlupus
was the five innovative pitches
aimed at improving the economic
lives of individuals with systemic

lupus erythematosus (SLE) in
Canada.
e Additional outcomes included

increased awareness of SLE, and
professional networking opportu-
nities among participants.

ers and knowledge-users; it has gained
attention as an approach for enhancing
the relevance of research outcomes.'
There is a large and growing literature
demonstrating the benefits of engaging
knowledge-users as equal contributors

entists (e.g. through improved communi-
cation skills).* Although health research is
conducted to improve health systems and
population health, major challenges exist
in that findings often do not address prob-
lems identified by knowledge-users, and

are often not applied in a timely manner.>*
While best practices in iKT are yet to be
established,' hackathons are one possible
approach to involve end-users in generat-
ing timely, useful and innovative health
care solutions.

Understanding health hackathons

Health hackathons are events that bring
together diverse stakeholders to focus on
complex health challenges. The term
“hackathon” combines “hack” (a solution
reached through intense innovation) and
“marathon” (an event of defined length
and concentrated effort).®” These events
offer participants an uninterrupted period
in which to work on a defined problem.®
Hackathons champion the process of
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co-creation among stakeholders from a
range of geographies and disciplines (e.g.
health care, design, engineering, business;
those with lived experience, end-users,
scientists, health care professionals, entre-
preneurs).® Hackathons are often forums
where teams (either pre-established or
formed at the event) can present innova-
tive solutions to specific problems.’ Many
hackathons offer awards or prizes for the
most promising ideas to help encourage
solution development, and some offer
funding opportunities to propel solutions
forward.

While hackathons are well-established
practices in software companies and are
commonly associated with programming
and computer science,” health hack-
athons first appeared in 2011 through the
Massachusetts Institute of Technology
(MIT).” MIT Hacking Medicine, a group
that organizes health hackathons based at
MIT, aims to accelerate medical innova-
tion and energize the health care commu-
nity. This group has organized more than
forty events across nine countries and five
continents (themes include reproductive,
maternal, newborn and child health, dia-
betes, and Ebola), and offers its Health
Hackathon Handbook online, detailing
timelines, marketing, logistics, prizes and
other organizational considerations."

The first Canadian health hackathon was
called Hacking Health, and was conducted
in an attempt to narrow the gap between
frontline health professionals and technol-
ogy experts. It took place in Montréal in
2012, with over 200 health professionals
and technical experts in attendance;
19 working prototypes were produced over
this two-day event. Hacking Health have
now conducted 58 events since 2012.!2

The University of Waterloo hosts
Hack4Health, a hackathon that focusses
on improving the lives of those living with
degenerative neurological conditions, pri-
marily multiple sclerosis and dementia.
The inaugural event took place in 2015;
four iterations of Hack4Health have since
been completed. The involvement of
those with lived experience of the disease
and other speakers at the two-day events
has enabled participants to generate ideas
and create workable solutions for chal-
lenges encountered by people living with
these conditions." For example, the fourth
Hack4Health saw two winning teams:
one focussed on tackling social isolation
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through the creation of a baking social
media app, while the other aimed to pro-
mote safe and independent cooking using
a mat sensor that detects when a stove is
left unattended (see https://uwaterloo.ca
/hack4health/about-hack4health
/hack4health-40-winners).

Health hackathons carry particular signifi-
cance for addressing health challenges in
resource-limited settings, where there is a
need for cost-effective innovations that
can positively impact health in an afford-
able and sustainable manner.*'* Health
hackathons typically focus on social
rather than technological innovation,'
and can result in the development of small
but realistic projects that can be refined
and scaled up (e.g. funds raised, business
plans created, start-up companies formed®).
Olson et al.® reviewed the outcomes of
12 health hackathons (from 2012-2015) in
the USA, India and Uganda, and found
that one year post-event, 30% of projects
had progressed, 25% of teams had begun
pilot testing, and of these, 12% and 7%
had piloted their innovation with care pro-
viders and patients, respectively. Notably,
15 new companies were formed and
22 patents were filed from the hackathons
reviewed. The overwhelming majority
(87%) of hackathon participants surveyed
stated they would attend again, indicating
both the potential for successful and inno-
vative outcomes, and worthwhile partici-
pant experiences.

Hacking for SLE

In this research, we implemented a hack-
athon aimed to enhance the economic
lives of individuals with systemic lupus
erythematosus (SLE) and promote public
understanding of the disease. SLE is a
chronic autoimmune disease in which the
immune system mistakenly attacks the
body’s tissues and organs, and can dam-
age the skin, joints, blood vessels, brain,
heart and muscles.’® It commonly mani-
fests as alternating periods of flares and
remissions. Individuals with SLE are at
increased risk of developing diabetes,
heart disease and neurological and renal
dysfunction.”” SLE is among the leading
causes of death in females aged between
10 and 44 years in the US.!® Symptoms
(e.g. fatigue, joint pain, sun sensitivity)
vary based on the individual, and for this
reason SLE has been called the “disease of
a thousand faces.” While worldwide
incidence and prevalence rates vary by sex,
age and ethnicity (e.g. disease severity and

frequency is estimated to be greater in
people of African descent),'”? it is esti-
mated that approximately one in every
1000 Canadians is affected by SLE;" and
females are more frequently affected at a
9:1 ratio.®® Women of child-bearing age
(15-45 years) are most frequently affected;
SLE is 8 to 13 times more common in
females in this age range. Nevertheless,
men, children and individuals above age
45 may all be diagnosed with lupus.”
Those with SLE experience distinct physi-
cal, emotional and social challenges; like
other chronic illnesses, SLE has been
associated with the contraction of social
networks and loss of identity.2!"*

Previous research undertaken using a
mixed-methods approach illustrates that
affected individuals and their families
experience considerable economic chal-
lenges, both direct and indirect.* A recent
Canadian study estimated that direct costs
(i.e. health care resources used by a
patient with SLE) averaged over $10000
per patient per year.?* Other research
shows that indirect costs (e.g. time missed
from paid work) are four times that of
direct costs, and—unlike direct costs—are
not related to illness severity.? Despite all
of this, knowledge about interventions to
improve the economic lives of these indi-
viduals is limited.***” Furthermore, affected
individuals often experience a less satisfy-
ing working life.?® This is partially explained
by the complex characterization of the ill-
ness, which is episodic (i.e. with fluctuat-
ing periods of illness and wellness),
gendered, idiosyncratic, racialized and
invisible.*”

For those with SLE, pharmacological treat-
ment options remain limited and are often
poorly tolerated or ineffective.?® We must
therefore look beyond individual solutions
and focus on broader, nonpharmacologi-
cal interventions. Bisung et al.?® conducted
a systematic review of existing nonphar-
macological interventions to improve the
economic lives of individuals with SLE.
Four published and two ongoing studies
were identified.?* Of the four completed
studies, all were conducted in 2005 or ear-
lier. While the completed studies included
individuals with SLE, SLE was not neces-
sarily the primary focus; of the 979 partic-
ipants across the four studies, only 9%
had SLE, as each study primarily involved
patients with rheumatoid arthritis or
osteoarthritis. This is limiting, as arthritis
is only one of the many manifestations of
SLE that can impact individuals at home
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or in the workplace. The interventions
studied included job accommodations,?*3!:3?
vocational guidance?®?, education,?*2 sup-
port with transportation,* and skills train-
ing.*® While three studies demonstrated
positive effects on return to work and job
retention,***? the evidence remains dated,
and comparison of effectiveness across
studies is challenging due to variability in
duration and study design.*

In an attempt to effect change in the lives
of people living with SLE, the Waterlupus
hackathon was held, attended by a multi-
stakeholder group of lupus advocacy
organization representatives, researchers,
physicians, individuals with lived experi-
ence and students, over a period of
28 hours at the University of Waterloo.
The research presented in this manuscript
was aimed at fulfilling three objectives:
(1) to increase understanding of the eco-
nomic challenges of living with SLE
through stakeholder engagement at a
research hackathon; (2) to investigate
possible interventions to improve the eco-
nomic lives of individuals affected by SLE
in Canada; and (3) to document the out-
comes of the Waterlupus health hackathon.

Methods
Waterlupus hackathon

The Waterlupus hackathon was held on
24-25 May, 2019, at the University of
Waterloo in Waterloo, Ontario. Our
research team consisted of three principal
investigators, and four other researchers
from the University of Waterloo, Queen’s
University and the University of Calgary.
During the planning process, the research
team partnered closely with two represen-
tatives from the GreenHouse, a community
for social and environmental innovation
at the University of Waterloo (https://
uwaterloo.ca/stpauls/greenhouse).  The
GreenHouse staff has extensive experi-
ence in planning and executing successful
hackathons, including those related to
chronic illness (e.g. Hack4Health).

A multi-stakeholder group of participants
concerned with addressing the economic
needs of individuals with SLE attended
the hackathon. Advocacy group partici-
pants included Lupus Canada, the Lupus
Foundation of America, Lupus Ontario,
the Lupus Society of Alberta and the
Canadian Arthritis Society (n = 9). Par-
ticipants with lived experience (n = 5)
attended from Ontario and Alberta.

Vol 40, No 7/8, July/August 2020

Multiple advocacy organization represen-
tatives also acted as individuals with lived
experience.

Members of the research team conducted
stakeholder recruitment using multiple
methods. Provincial and national SLE
advocacy organizations were contacted by
email to describe the purpose of the
research and ask if their organization
would be interested in participating. To
recruit mentors with lived experience, one
member of the research team who works
as a medical doctor shared the hackathon
details with her network. In addition, we
consulted a list of participants from previ-
ous qualitative research undertaken by
our research team. We contacted policy
mentors (n = 2) based on their public
health expertise. Finally, we used snow-
ball sampling, asking potential partici-
pants if they knew others that might be
interested in participating.

To provide a valuable interdisciplinary
learning opportunity, student participants
(n = 25) were recruited from both gradu-
ate and undergraduate programs across all
six faculties (Arts, Engineering, Environment,
Science, Math, Applied Health Sciences)
at the University of Waterloo. First, sum-
mer classes were reviewed for themes
related to health or social impact (e.g.
Social Determinants of Health, Connections
to Ethical Context, Social Research).
Professors were asked if a representative
could attend a lecture to describe the
event, and provide an EventBrite registra-
tion link to students. Professors were also
asked to post an advertisement on their
course website. In addition, the University
of Waterloo Federation of Students posted
advertisements in preapproved campus
locations. Finally, poster advertisements
were distributed around the GreenHouse
and the research team’s personal and pro-
fessional networks.

Before Waterlupus, three webinars were
held to provide background research
results to the hackathon stakeholders and
others. All confirmed hackathon partici-
pants were invited to attend the webinars,
and webinar links were provided at
the hackathon as a resource. Webinar
recordings remain available to the public
(https://uwaterloo.ca/geographies-of
-health-in-place/events/lupus-hackathon
/pre-hackathon-webinars). The first webi-
nar (held on 30 April, 2019) presented the
results of quantitative surveys previously

undertaken with lupus patients docu-
menting both direct and indirect costs of
SLE, and the relationship of these costs
with sociodemographic characteristics and
illness severity. The second webinar
(7 May, 2019) presented qualitative results
from interviews with patients, physicians
and lupus advocates on the lifecosts (per-
ceptions or experiences of economic and
other costs) of SLE. The third (14 May,
2019) presented the results of a review of
disability and employment policies across
Canada at national and provincial levels.
This data sharing was broken into three
segments (i.e. three webinars) to make it
manageable for a heterogeneous stake-
holder group.

To kick off Waterlupus, one mentor par-
ticipant spoke of her lived experience of
SLE. This introduction engaged mentors
and students, and helped participants gain
a deeper understanding of the economic
challenges related to living with SLE.
GreenHouse staff then facilitated a “World
Café,” a method for conducting large-
group discussions whereby smaller sub-
groups discuss questions in a comfortable,
café-like atmosphere. During the World
Café, student participants discussed a
series of questions with lived experience
mentors. In addition, members of the
research team gave three short presenta-
tions (mirroring the webinars) of previous
research to help contextualize the research
problem, and answer any research-related
questions. Based on their interests and
initial ideas, student participants then
formed teams, guided by the policy, lived
experience and advocacy mentors.

In addition to multiple unique workshops
held by the GreenHouse and the research
team (with names such as “Deep Dive
into Research”), most of the time was
spent as an interactive working period,
during which teams and mentors dis-
cussed their “hacks.”

At the end of the working period, five stu-
dent teams pitched their solution ideas.
Three judges (a research mentor, a research
director from a lupus advocacy group, and
a GreenHouse pitch expert) deliberated
with the support of the other GreenHouse
expert for about one hour before selecting
a winner and runner-up. Judging criteria
were based on previous GreenHouse best
practices and included four categories:
problem identification; problem-solution
fit; impact, feasibility, and viability; and
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additional criteria (Table 1). No numerical
scores were attached to the judging crite-
ria, and the final decision was based on a
group discussion and consensus by the
judges.

Data collection and analysis

This research was granted ethics approval
from the University of Waterloo Office of
Research Ethics, and conducted with all
participants’ consent. Data was collected
in multiple ways. First, during the World
Café discussions, hackathon participants
were asked to record their responses and
related notes for each question presented;
this was collected for thematic analysis.

During the World Café and throughout the
hackathon, multiple members of the
research team conducted participant obser-
vation. Designated notetakers were pres-
ent to record the event proceedings,
summarize plenary discussions, and doc-
ument outcomes (e.g. pitches, judge
feedback).

Members of the research team discussed
and recorded the major outcomes immedi-
ately following the hackathon. The first
author reviewed all notes in the following
weeks, and consulted other members of
the research team. All notes were recorded
into NVivo 10 for Mac (QSR International
Americas Inc., Burlington, MA, USA) for
subsequent analysis. Themes emerged induc-
tively (based on researcher and chart
paper notes and hackathon conversations)
throughout analysis. The first author led
the analysis, and noted any differences
between themes identified in the notes
taken at the event for further discussion
with other team members. To enhance
consistency and reliability in thematic
analysis, the authors discussed the results,
and consulted other members of the
research team to ensure agreement in
interpretation.

Results

Hackathon results are reported in three
distinct sections: World Café discussions,
intervention pitches, and additional out-
comes of Waterlupus.

World Café discussions

The first day of the hackathon included a
World Café to increase student under-
standing of the economic challenges of
SLE through engagement with diverse
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TABLE 1
Waterlupus?® hackathon judging criteria

Judging criteria

Considerations

Is the problem specific?

Problem identification Is it real?

Do you have quantitative/qualitative data to support the problem?

Does the chosen solution address the identified problem?

Problem—solution fit

Is the solution useful to the specific user?

What is the potential impact of the solution?

Is it scalable?
Impact, feasibility, viability

Is it viable?

Is it feasible to implement in the timeframe suggested?

Do you see it implemented successfully?

Did the team deliver an interesting and captivating pitch?

Additional criteria

Was the team/their ideas well organized?

Did the team follow the guidelines for the presentation?

 Waterlupus health hackathon event held 24-25 May, 2019, at the University of Waterloo, Waterloo, Ontario.

stakeholders. This activity contextualized
the research problem and previous
research results, served as an icebreaker
and provided an opportunity for student
participants to engage with mentors
before joining their teams. Participants
were enthusiastic about the World Café,
and the questions generated engaging dis-
cussion between mentors and students.
The lived experience, policy and lupus
advocacy organization mentors were split
between 7 tables to ensure a range of per-
spectives in each discussion. Students
were divided into groups and rotated
through the tables following each ques-
tion, while mentors remained seated.

The first question, “What does economic
quality of life mean to you?”, generated
in-depth discussion, and several com-
mon themes emerged across the groups
(Table 2). The most frequent theme identi-
fied (by 6 groups) was the impact of a
reduced income on quality of life. Lived
experience and advocacy mentors dis-
cussed the importance of having dispos-
able income to afford life necessities (e.g.
shelter, healthy food, medication), as well
as activities for entertainment and plea-
sure (e.g. to take holidays or give gifts).
The potential impacts on mental health
related to a reduced income were dis-
cussed by 5 groups. Each group spoke of
the stress and worry associated with lim-
ited financial freedom and accumulating
monthly bills. Conversely, the positive
“state of mind” experienced when expenses
are managed was discussed by one group.

The connection between economic quality
of life and relationships/social support
(e.g. family, friends, spouse) was described
by five groups. Participants discussed the
economic and emotional familial impacts
of a reduced income; for example, increased
reliance on a spouse or other family mem-
ber to support dependants, guilt associ-
ated with inability to support family
members, and the possible relationship
stress when an individual does not feel
supported or understood by family or
friends. The potential for social isolation
due to job loss or early retirement was
also identified.

Other themes discussed included the need
to access satisfying and accommodating
employment to maintain an income, pen-
sion and the sense of meaning that comes
from fulfilling work (4 groups), and the
potential loss of identity when an individ-
ual is no longer able to work, experiences
reduced personal independence or does
not feel meaningfully engaged in society
(4 groups). Finally, the direct relationship
between income and accessing medical
care (e.g. alternative care practitioners),
and the accessibility of resources that can
support financial planning were identified
by 3 and 2 groups, respectively.

Following this discussion, the students
rotated tables, and the groups were asked
“How has lupus affected your economic
quality of life in the past, present or
future?” (Table 3). After the hackathon,

Vol 40, No 7/8, July/August 2020




TABLE 2
Themes emerging from the Waterlupus World Café® discussion,
“What does economic quality of life mean to you?”

Subtheme

Number of tables where mentioned®

Impact of a reduced income on quality of life

Mental health impacts (positive/negative)
Relationships/social support

Need for satisfying and accommodating employment

Loss of identity

Relationship between income and accessing medical care

Accessibility of financial planning resources

6

5
5
4
4
3
2

2 Small group breakout session at the Waterlupus hackathon event held 24-25 May, 2019, at the University of Waterloo,

Waterloo, Ontario.

" A total of seven separate tables were involved in this discussion.

the research and the GreenHouse teams
reflected on the similarities between the
first two questions and discussed increas-
ing variation in questions in future hack-
athon iterations. In this context, as often
happens in qualitative research, themes in
these discussions overlapped. Not sur-
prisingly, the most common theme sur-
rounded the impacts of lupus on
employment (6 groups). Groups discussed
uncertainty about sharing their diagnosis
with or asking for accommodations from
their employer, the need for accessible
and flexible workplaces, challenges related
to progressing in their career, and forced
medical retirement. The resulting financial
impacts were described by 4 groups (e.g.
less security in retirement, reduced pen-
sion, difficulties finding health coverage).
Other themes included the need to access
quality health care and medication
(3 groups); and the impacts on mental
health (e.g. anxiety related to flares or
future plans or career, lack of sleep, irrita-
bility from treatment) and the physical
symptoms that can impact employment
(e.g. inability to drive, organ damage from
medication) (2 groups).

After the final rotation, groups discussed
the question, “What ideas do you have

to address some of these challenges?”
(Table 4). Ideas varied more between
groups relative to the previous two ques-
tions. Four groups described the need to
increase access to resources, and the value
of creating a tool or platform to facilitate
access to relevant information (e.g. sup-
port groups, medical information follow-
ing diagnosis, employment resources).
One group spoke of the need for informa-
tion to come from a credible source (e.g.
medical professional) to reduce the spread
of inaccurate information, and another
group described the value of counsellors
in sharing support and information with
patients. Three groups discussed the
need for medical interventions (e.g. lupus
screening tools). Two groups each identi-
fied workplace-specific interventions (e.g.
scale to subjectively rate symptoms for
employers, flexibility in work schedule/
hours), increasing workplace awareness
(e.g. for improved accommodations), and
interventions that went beyond the work-
place (e.g. for policy change, increased
research funding). The value in organiza-
tional collaboration (e.g. between advo-
cacy organizations at the provincial and
national levels), increased financial sup-
port for medical-related transportation,
and increased physician education (e.g. to

TABLE 3
Themes emerging from a Waterlupus World Café® discussion, “How has lupus
affected your economic quality of life in the past, present or future?”

Subtheme

Number of tables where mentioned®

Impacts of lupus on employment
Workplace challenges and financial impacts
Access to quality health care and medication

Mental and physical impacts

6
4
3
2

2 Small group breakout session at the Waterlupus hackathon event held 24-25 May, 2019, at the University of Waterloo,

Waterloo, Ontario.

b A total of seven separate tables were involved in this discussion.
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provide employment-related resources) were
each identified by one group.

Intervention pitches

The primary outcome of Waterlupus was
the interventions generated during the
event: at the end of the hackathon, five
teams pitched interventions to address the
economic challenges associated with liv-
ing with SLE. The winning team, called
“Shine On,” pitched their idea to collabo-
rate with Lupus Canada (and other advo-
cacy organizations) and Canadian clothing
brands to increase accessibility of afford-
able sun-protective clothing suitable for
different environments (e.g. work, school).
SLE patients are encouraged to minimize
their exposure to sunlight, as it may aggra-
vate their illness. The judges thought this
pitch was especially innovative, because it
had the potential not only to change the
lives of those with lupus, but also the
lives of other sun-sensitive individuals,
such as those on certain medications. It
could also reduce UV exposure among the
general population, and it had economic
potential for the innovators. As one par-
ticipant with SLE described, this innova-
tion was attractive due to the stigma
associated with their “lupus clothes,”
since, although available, sun-protective
clothing is extremely limited and costly.

The runners up, “Team Purple,” pitched
their idea for a professionally moderated
online social network to connect patients
to relevant employment-related informa-
tion and resources, and offer a space for
meaningful social interaction with others
impacted by SLE. This pitch was recog-
nized by the judges for considering and
applying mentor feedback, and for having
a clear connection to economic quality of
life. While it would be important for the
platform to be professionally moderated
in order to ensure credibility, the feasibil-
ity of this was identified as challenging.

Another team, “Lup4Help,” also pitched
an online platform to create awareness,
share stories and provide employment
opportunities for individuals with SLE. A
fourth team, “Purple Monarch,” similarly
pitched an online platform designed to
provide information for treatment and
symptoms, a social feature (e.g. to coordi-
nate meet-ups) and financial and employ-
ment resources and opportunities. This
platform was especially accessible (e.g.
the group created the platform in multiple
languages, which is relevant given that
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TABLE 4
Themes emerging from a Waterlupus World Café® discussion on ideas for addressing
economic challenges associated with SLE

Subtheme

Number of tables where mentioned®

Increase access to resources and information

Need for interventions (e.g. medical, workplace-specific

interventions)

Need for increased awareness in the workplace
Need for broad awareness (e.g. for policy change)
Organizational collaboration

Financial support for medical-related transportation
Increased physician education

Need for communication from credible sources

Role of counsellors for support and resources

Abbreviation: SLE, systemic lupus erythematosus.

2 Small group breakout session at the Waterlupus hackathon event held 24-25 May, 2019, at the University of Waterloo,

Waterloo, Ontario.

b A total of seven separate tables were involved in this discussion.

SLE has higher prevalence rates among
minority populations®), and was also
user-driven, increasing feasibility. Finally,
the fifth team, “Lupus@Work,” pitched
an online platform to bridge employees
and employers with respect to possible
workplace accommodations. While this
platform had the potential to be incredibly
useful and was heavily informed by men-
tors’ lived experiences, it would require
employer buy-in to be implemented suc-
cessfully. Table 5 provides a detailed sum-
mary of each pitch.

Based on their pitches, the winning teams
were awarded the opportunity to continue
to work on their innovations in collabora-
tion with the Workplace Innovation Program
(WIP), developed and implemented by
the GreenHouse with the support of
Geographies of Health in Place (GoHelP)
Lab (https://uwaterloo.ca/geographies-of
-health-in-place/about) and the research
team, along with other stakeholders (e.g.
lupus organization representatives). The
conclusion of the hackathon saw support
and enthusiasm from advocacy and lived
experience mentors, who will continue to
support the winning teams throughout the
WIP. The WIP guides students for 8 to
12 months in the development of their
solutions through ongoing capacity-build-
ing exercises.

The winning teams moving forward in the
program are focussed on two distinct
ideas. Shine On are proceeding with their
idea to develop fashionable and affordable
UV-protective clothing, and are currently
working with three mentors with lived
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experience and a local fashion designer to
design templates for clothing that is com-
fortable, desirable for a work environ-
ment, and made from sun-protective fabric.
Team Purple are moving forward with
their idea to create an online space for
individuals with SLE to share useful
employment-related resources. They are
in the process of exploring the market to
understand what other online resources
exist for individuals with chronic illness;
they are currently consulting with another
WIP team (unrelated to the hackathon) to
explore whether there is any overlap with
their project (developing a digital space
for individuals with chronic illness to
access disability-related resources).

While both teams generated initial ideas
at the hackathon, participation in the WIP
is iterative, and the teams are currently
reviewing the literature, patents, current
market and stakeholder feedback to deter-
mine how to best generate interventions
that differ from what currently exists. In
this way, these innovations will continue
to evolve over the course of the program.

Additional outcomes

Additional outcomes of Waterlupus were
also documented. A major outcome relates
to increased awareness of the economic
challenges of those with SLE. Not only did
the webinars and hackathon increase
awareness among participants (especially
the students, many of whom had no prior
knowledge of SLE), but the innovations
have the potential to increase awareness
of SLE and the associated economic

challenges of living with the disease
among employers, colleagues and the
Canadian population more broadly. Indeed,
multiple lived experience and advocacy
mentors spoke of the students’ increased
knowledge of SLE, and the potential for
the innovations to continue to increase
understanding of the economic impacts of
SLE and other invisible and episodic
illnesses.

The lived experience, policy and advocacy
mentors also described the positive expe-
rience of spending extended time with
students interested in SLE. During the
informal working periods, students worked
on their “hacks” with the mentor partici-
pants. Not only was this a productive time
for the teams to receive feedback from
mentors, but the mentors spoke of the
energy and innovative ideas generated
while engaging with students. Similarly,
the educational opportunity provided to
the students was positive, as they had the
opportunity to work on a real-world prob-
lem and develop their skillset with a group
of stakeholders that would otherwise be
inaccessible in a university setting. Their
participation offered an unbiased and
future-oriented vision to this health and
social challenge.

Finally, a very positive but unintended
outcome was the feedback received from
mentors, who genuinely appreciated the
time they had to share their experiences.
This provided professional networking
opportunities and encouraged develop-
ment of informal support networks, both
for mentors representing advocacy organi-
zations as well as for patients who con-
nected across provinces.

Discussion

This paper documents the outcomes of
the Waterlupus hackathon conducted at
the University of Waterloo in May 2019.
Not only does this paper report outcomes
from the event, but it contributes to a lim-
ited literature about the use of health
hackathons for social innovation. The
Waterlupus hackathon was a useful iKT
tool, generating innovative ideas to address
a complex health challenge.

While the World Café itself did not gener-
ate the interventions, it was an oppor-
tunity for students to increase their
understanding of the economic challenges
of living with SLE by hearing from those
with lived experience; it contextualized
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TABLE 5

Summary of Waterlupus® hackathon innovations

Team name  Place finished Target population Problem identified Summary of innovation
Sun-sensitive individuals must limit « Create accessible and affordable
exposure to sun, which can impact sun-protective clothing suitable for

 (Canadians with SLE, specifically those quality of life work and school
Shine On 1st with sun-sensitivities i .
Lack of affordable everyday clothing ~ * Develop clothing templates, approach
* Other sun-sensitive individuals for sun-sensitive individuals; UPF Canadian clothing brands to increase
clothing exists but is limited to accessibility of UPF sun-protective
specialized clothing (e.g. athletic wear) clothing
 Professionally moderated online
social network to connect patients to
Need to improve economic quality of employment resources
life of individuals with SLE, through « Ensure valid and relevant informa-
e Canadians with SLE reducing time it takes to access tion, provide a positive community
Team Purple 2nd - Presentation specifically identified relevant resources and meaningful interactions
users under age 45 Need to reduce physical pain and « Platform offers opportunities to
emotional challenges of an SLE organize threads and sub-threads,
diagnosis connect people and provide in-person
meetups through message board and
hashtags
¢ Online platform to create awareness,
Individuals with SLE often have to share stories and provide employ-
limit or leave employment following ment resources
diagnosis . i .
« Aim to create job opportunities for
As a result, SLE can lead to reduced individuals affected by connecting to
Lup4Help N/A  (Canadians with SLE income and quality of life, and flexible employers, and create
increased reliance on disability awareness among employers
benefits . . . .
e Aim to build a community to increase
Need to increase social and economic awareness and raise funds by
impact organizing community events (e.g.
marathons, camping)
¢ Online platform to provide resources
to individuals with SLE
Continuously declining economic « Tailored and curated financial
quality of life assistance
i ) ) Overwhelming for individuals.with . Freqyept upd‘ates. 9n optimal care and
Monarch N/A * Canadians with SLE SLE to find resources and receive specialist availability
support
* Access to peer support and
Current sources are limited or not community building
user-friendly  Accessibility challenges identified
(e.g. website provided in multiple
languages)
« Online platform to bridge employees
Many with SLE cannot continue in and employers related to possible
employment following diagnosis, and workplace accommodations
those that do face stigma, fear
. . disclosing their illness or are unable ~ * Engage variety of stakeholders (e.g.
* Canadians with SLE i eSS faly e employers, employees, family
job accommodations to
Lupus@Work N/A prolong their ability to work members, advocacy representatives),

* Specifically focusses on those of
working age

With appropriate accommodations,
increased productivity, improved
interactions with coworkers, and long-
term employment are possible

and collaborate with software
providers to create a prototype
platform

Need to enable open discussion about
workplace opportunities

Abbreviations: SLE, systemic lupus erythematosus; UPF, ultraviolet protection factor.
2 Waterlupus health hackathon event held 24-25 May, 2019, at the University of Waterloo, Waterloo, Ontario.
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the results of the previous qualitative and
quantitative research; and it provided
energy and momentum early in the event.

With respect to the interventions, the win-
ning pitch and the runner up both offered
solutions with the potential to positively
impact the economic and the social chal-
lenges faced by individuals with SLE (e.g.
workplace barriers, stigma, social isola-
tion).?**” These innovations may also be
beneficial for those impacted by other
chronic diseases (e.g. accessible sun-
protective clothing for other sun-sensitive
individuals).

The two winning teams are currently
moving forward with the development of
their ideas in the WIP. In so doing, they
will work through an iterative innovation
cycle with both the research team and
hackathon organizers from the GreenHouse
to explore and develop their solutions.
This involves following a multistage pro-
cess that ensures teams identify and
define a problem, conduct a needs identi-
fication and generate an implementation
plan. In addition, in-depth training on a
range of topics (e.g. giving an effective
pitch) will be provided. Funding opportu-
nities to move their projects forward and
disseminate results will also be offered by
the research team.

Documented successful outcomes from
previous health hackathons include increased
passion, community engagement and sus-
tainable, culturally appropriate solutions;"
generation of ideas and enthusiasm for
innovation;3¢ establishment of networks to
inspire future work and collaboration;™
and the start of new innovations, solu-
tions and companies.® Waterlupus also
had numerous successful outcomes. For
example, multiple and diverse end-users
(e.g. patients, advocacy representatives)
were included, and provided their per-
spectives to ensure long-term and sustain-
able innovations that satisfy end-user
needs. In addition, multiple participants
expressed excitement with the energy gen-
erated at the event, and were impressed
with the passion of both mentors and stu-
dents. Finally, new professional and social
networks were created, as multiple stake-
holders reported connecting with individ-
uals from different geographic locations.
Multiple participants exchanged contact
details, and every lived experience, policy
and advocacy mentor expressed interest
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in receiving research results and updates
with respect to the WIP teams’ progress.

While SLE disproportionately impacts
working-age females,” the innovations
generated at Waterlupus were not neces-
sarily designed to be age- or gender-
specific. The hackers did, however, draw
on previous research results (e.g. qualita-
tive interviews, primarily with females
impacted by SLE), and on the feedback
from lived experience mentors at the
event (who, with one exception, were all
female). In this sense, the teams’ innova-
tions implicitly considered age and gender
in that they were intended to improve eco-
nomic (which often means employment)
outcomes for individuals with SLE. For
example, a professionally moderated online
social network to connect patients with
employment-related resources is relevant
to females and males impacted by SLE,
but may be used more frequently by
females of working age (15-64 years)
because they are disproportionately affected.
Exploring how innovations can be devel-
oped to suit different subpopulations
affected by SLE—for example, by increas-
ing the number of languages available in
an online platform or by creating sun-sen-
sitive clothing that goes beyond athletic-
wear and is suitable for both females and
males—is certainly an avenue for future
work.

Multiple challenges emerged in the execu-
tion of Waterlupus. First, using the term
“hackathon” in the advertisement may
have attracted students expecting a soft-
ware hackathon, or deterred other poten-
tial participants assuming who assumed
the event was a traditional hackathon.
Second, a larger number of students was
anticipated, based on previous hackathons
held by the GreenHouse. Waterlupus was
the first hackathon the GreenHouse had
conducted during the summer term,
though, when there are fewer students on
campus available for recruitment. Other
factors beyond the research team’s con-
trol, such as seasonably pleasant weather,
could also have deterred students from
participating. The students in attendance,
however, were extremely engaged and the
research team were impressed with their
commitment.

Third, throughout the recruitment pro-
cess, by the questions that the research
team were asked about SLE, it was evi-
dent that lay understanding of SLE is

limited. The lack of awareness of the dis-
ease and its associated challenges may
have reduced interest in the event. Fourth,
with respect to the pitch outcomes, geog-
raphy likely influenced the results. If this
hackathon had been held outside of
Canada, the pitches may have focussed on
different economic challenges. In Canada,
the health care system is publicly funded,
offering universal coverage for medically
necessary services.’” While health care
access challenges do exist in Canada in
the context of SLE (e.g. appointment wait-
ing times, accessing specialist care),*3
alternative economic challenges to access-
ing health care may have been identified
elsewhere (e.g. in the US).

A primary criticism of hackathons is that
they can develop short-lived excitement,
yet lack a pathway to generate sustainable
solutions with long-term impact." Simi-
larly, and outside of the hackathon litera-
ture specifically, there have been calls for
researchers to consider the success of iKT
beyond the short-term timelines of any
one research project, as an avenue to
build long-term partnerships and inspire
innovative thinking.> In consideration of
these criticisms, one of the primary out-
comes of Waterlupus is the formation of
WIP teams that are provided a pathway to
continue their innovation beyond the
short term with lupus organization advo-
cacy groups, members of the research
team and the GreenHouse. By moving
these teams’ solutions forward and involv-
ing multiple stakeholders in the process,
we aim to go beyond awareness-raising to
attitude, behaviour and, ultimately, social
change.

Conclusion

This paper describes what is, to our
knowledge, the first iKT activity focussed
on the co-production of knowledge to
improve the economic lives of individuals
with SLE and increase public understand-
ing of the disease. Waterlupus generated
feasible and actionable nonpharmacologi-
cal intervention ideas, established partner-
ships and facilitated networking and
leveraged expertise between those living
with SLE, advocacy organizations, policy
makers and student participants. While
these successful outcomes emphasize the
value of hackathons in the iKT toolbox,
the next step of this research involves
increasing our understanding of how the
hackathon participants themselves (e.g.
knowledge-users) perceived the hackathon
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as an iKT initiative. Not only will this
increase our understanding of how
Waterlupus itself was valued, but acknowl-
edging the perspectives and voices of
knowledge-users is an important step in
ensuring that future iKT science, and
hackathons specifically, can help meet
their needs.
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At-a-glance

Initial evaluation of Manitoba’s cannabis surveillance system

Anja Bilandzic, MPH (1); Songul Bozat-Emre, PhD (2,3)

Abstract

The Government of Manitoba created a cannabis public health surveillance system in
2018 in preparation for nonmedical cannabis legalization on 17 October, 2018. An initial
evaluation was conducted to assess the usefulness, flexibility and simplicity attributes
of the system, using an online stakeholder survey, website metrics, system analysis and
interviews. Resulting recommendations included creating a detailed communication
plan for surveillance products, changing the format and frequency of reporting, main-
taining strong relationships with partners and building towards a centralized provincial
substance use surveillance database and surveillance system.

Keywords: cannabis, public health surveillance, evaluation, Manitoba

Introduction

Nonmedical cannabis use was legalized in
Canada on 17 October, 2018, when the
Cannabis Act came into force.! To prepare
for this event, the provincial department
of health (Manitoba Health, Seniors and
Active Living) created Manitoba’s canna-
bis surveillance system. The purpose of
the system was “... to manage, analyze,
and interpret cannabis and related data
from a range of stakeholders to provide
epidemiologic evidence to inform policy
and programs in Manitoba.”* More spe-
cific objectives of the system were to

(1) monitor cannabis-use behaviour pat-
terns among people in Manitoba;

(2) measure cannabis-related health impacts
among people in Manitoba; and

(3) measure justice-related impacts of can-
nabis policy in Manitoba.

A list of indicators in the system can be
seen in Table 1. An initial baseline report
was released in November 2018,? and was
modelled from existing opioid misuse and
overdose surveillance reports.® In order to
better understand the performance of the
cannabis surveillance system, and to
inform future development at this early

stage, an initial evaluation of the system
was conducted.

The objectives of this initial evaluation
were to (1) understand if Manitoba’s can-
nabis surveillance system was meeting its
intended objectives, and (2) to define the
direction that a sustainable and relevant
provincial cannabis surveillance system
should take going forward. Specifically,
these objectives relate to the content of
the system (i.e. which indicators should
be used), the identification of stakehold-
ers’ needs and the format and frequency
of reporting.

Methods

We undertook an evaluation using guid-
ance from the Centers of Disease Control
and Prevention* (CDC) and the European
Centre for Disease Prevention and Control,’
with specific direction from recent work
from the CDC in evaluating behavioural
health surveillance systems.®” Three attri-
butes, deemed to be the most relevant for
a new and changing system, were selected
for evaluation: usefulness, flexibility and
simplicity. For each attribute, we used
multiple evaluation methods (described
below), and then made a global assess-
ment based on these results to summarize

Highlights

e Evaluating public health surveillance
systems is essential for under-
standing system performance and
providing guidance for improvement.

e An initial evaluation of Manitoba’s
cannabis surveillance system showed
that the system was moderately
useful, highly flexible and moder-
ately simple.

® Recommendations included creat-
ing a detailed communications plan
prior to surveillance product release
to increase the audience reach;
producing a shorter infographic-
style product that sets cannabis in
context of other substances once
or twice a year; and leveraging the
existing provincial opioid misuse
and overdose surveillance system
to include cannabis and other
substances.

and communicate our findings. For exam-
ple, when assessing the overall usefulness
(i.e. low, moderate or high), we consid-
ered results from an online survey and
from website metrics to make a judgment
within our organizational context.

Usefulness

This attribute measures whether the sys-
tem and its outputs are helpful and
important for stakeholders. We assessed
usefulness through an online survey and
website metrics. We conducted the survey
using a snowball approach, whereby key
stakeholders who received the survey
were instructed to send it to others in their
networks. The survey covered topics relat-
ing to the overall usefulness of the sur-
veillance system baseline report, specific
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TABLE 1

Manitoba cannabis surveillance system indicators, by objective

Indicator

Data source

Objective 1: To monitor cannabis use behaviour patterns among youth and adults in Manitoba

Percentage of youth who used cannabis in last year (Grades 7-12)

AFM’s Student Survey (2007)
Manitoba Youth Health Survey (2012/13)

@
é Percentage of youth who used cannabis in last 30 days (high school students) AFM’s Student Survey (2007)
g Quantity of cannabis used per session Manitoba Cannabis Survey (2017)
E Percentage of cannabis users by type of product used (e.g. plant, edible) Manitoba Cannabis Survey (2017)
Percentage of cannabis users who frequently/often use cannabis alongside alcohol Manitoba Cannabis Survey (2017)
_':°_:° Percentage of adults who have driven after using cannabis Manitoba Cannabis Survey (2017)
E Percentage of adults with driver’s licences who consumed cannabis within two hours of driving Statistics Canada National Cannabis Survey
Objective 2: To measure the burden of cannabis-related health harms among youth and adults in Manitoba
0 Rate of in-patient hospitalizations that include cannabis poisoning ICD-10-CA diagnosis code (T40.7) DAD
E Number of cannabis-related calls to Health Links — Info Santé Health Links — Info Santé
£ Number of cannabis-related calls to Manitoba Poison Control Centre MB Poison Control Centre
Rate of in-patient hospitalizations that include cannabis-related disorder ICD-10-CA diagnosis codes DAD
(F12.x)
% Rate of in-patient hospitalizations that include cannabis abuse ICD-10-CA diagnosis code (F12.1) DAD
E Rate of in-patient hospitalizations that include cannabis dependence syndrome 1CD-10-CA diagnosis code DAD
§ (F122)
=
§ Rate of in-patient hospitalizations that include cannabis-related psychotic disorder ICD-10-CA diagnosis DAD
code (F12.5)
Proportion of clients with past-year cannabis use in publicly funded substance use treatment centres Addiction Policy and Support Branch, MHSAL
Objective 3: To measure justice-related impacts of cannabis policy among youth and adults in Manitoba
Number of samples that tested positive for THC or CBD HC Drug Analysis Service
Rate of charges for drug-impaired operation of vehicle/vessel/aircraft among youth (12—17 years) Statistics Canada UCRS
o Rate of charges for drug-impaired operation of vehicle/vessel/aircraft among adults (18+ years) Statistics Canada UCRS
"E Rate of charges for cannabis possession among youth (12—17 years) Statistics Canada UCRS

Rate of charges for cannabis possession among adults (18+ years)

Rate of charges for cannabis trafficking among youth (12-17 years)

Rate of charges for cannabis trafficking among adults (18+ years)

Statistics Canada UCRS
Statistics Canada UCRS
Statistics Canada UCRS

Abbreviations: AFM, Addictions Foundation of Manitoba; AFM’s Student Survey, Addictions Foundation of Manitoba’s Alcohol and Other Drugs: Students in Manitoba - 2007 survey; CBD, cannabidiol;
DAD, (hospital) Discharge Abstract Database; HC, Health Canada; MHSAL, Manitoba Health, Seniors and Active Living; THC, tetrahydrocannabinol; UCRS, Uniform Crime Reporting Survey.

indicator and content questions, and
direction for the future. (A copy of the
survey is available upon request.) The
website metrics measured the number of
users accessing the report landing page,
and their characteristics in the three
months following the release of the base-
line report.

Flexibility

This attribute refers to the ability of the
system to adapt to changes in stakeholder
needs. We assessed flexibility by analyz-
ing the system as a whole (i.e. is it possi-
ble to add, delete or modify indicators?).
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We also created hypothetical scenarios for
adding a new indicator (cannabis poison-
ing in children) using each of the existing
health-related data sources. We consulted
external data providers about feasibility
and process questions when required.

Simplicity

This attribute refers to the system struc-
ture and how easy it is to use. We assessed
simplicity by analyzing the system as a
whole (i.e. how many organizations, data
types and human resources are needed)
and by documenting and analyzing the
data collection, management and analysis

steps of the surveillance cycle for each
data source.

Results

Usefulness

Initially, we sent the online survey to
52 stakeholders in Manitoba; after snow-
ball sampling, there were 62 survey
respondents. The largest proportion of
respondents were from regional public
health (44 %), followed by provincial pub-
lic health (21%), and other provincial
departments (16%). The remainder were
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from other areas of the government or
crown corporations, nongovernmental
organizations and other agencies.

The key findings of the survey were as
follows:

e Most respondents (55%) were not
aware of the baseline report; 24%
were aware but had not reviewed it,
and 21 % were aware and had reviewed
it.

e Eighty-three percent of respondents
said the overall report was somewhat
or very useful; 63% said they already
have used or plan to use the informa-
tion in their work.

e The two most common intentions for
using the baseline report were to influ-
ence education and awareness activi-
ties, and to provide general context to
other work.

® Behavioural indicators were most highly
rated for usefulness, followed by can-
nabis-related disorder hospitalizations
(ICD-10-CA: F12). In general, poison-
ing information was rated to be less
useful.

e Most respondents (74%) preferred to
see the cannabis data in the context of
other substances.

e Most respondents (65%) preferred a
shorter, infographic style of reporting.

e Annual reporting was favoured by
41% of respondents, and semi-annual
by 31%.

Available website metrics captured unique
page views for the cannabis surveillance
website. Metrics on the report access itself
(PDF) were not available. Key findings of
the website metrics assessment for useful-
ness were as follows:

e There were 191 page visits; 56% were
internal government views, and 44 %
were external views.

e Almost all internal views were from a
desktop computer; for external views,
55% were from a desktop computer,
38% from a mobile device and 7%
from a tablet.

e Forty-five percent of all views were
directed from a Google search, 26%
were from a direct link and 7% were
from the government search engine;

Vol 40, No 7/8, July/August 2020

18% of external views came from a
Facebook link.

Flexibility

Overall, the whole system is highly flexi-
ble. This is because the indicator groups
operate independently, so changing one
will have no effect on others (i.e. one indi-
cator is not dependent on the presence of
another). Also, indicator change decisions
are informal and made through a limited
group of stakeholders, which makes the
process timely and flexible. However, this
structure may pose threats, such as incon-
sistencies in data over time due to changes,
in the absence of good documentation.

When hypothetically adding a new indica-
tor about cannabis poisoning among chil-
dren from existing poisoning data sources,
flexibility differed depending on the data
source. For example, for hospitalizations,
because an ICD-10-CA code already exists
for cannabis poisoning and there is direct
access to the data source (including cus-
tom age queries), it is relatively simple to
get this information. However, other que-
ries outside of the current ICD-10-CA
structure would require much more effort
and time to modify coding. For other data
sources, high level indicators were avail-
able but there was low flexibility for more
specific information; challenges in current
data structures, resources and data shar-
ing agreements were identified. A com-
mon theme was that several data quality
improvement initiatives were currently
underway or planned in the near future,
highlighting the importance of continued
relationship building with data providers.

Simplicity

The overall system itself is complex due to
the many data sources (ten data sources
provided by eight organizations), and
types of data included (survey data,
administrative data and program data;
Figure 1). In terms of resources, the sys-
tem development and reporting took one
full-time employee (FTE) approximately
four months to complete, with additional
support from a senior epidemiologist
(about 0.33 FTE), and publication support
for an additional 2.5 months.

For each data source, data collection
ranges from downloading publicly avail-
able content, to making specific data
requests, to accessing departmental data
directly. Several file types are involved,

including PDFs, Excel and CSV files and
SAS code/extracts. In terms of manage-
ment, these data are stored in different
folders on a shared drive. As the number
of reports increases, there is a risk that the
volume of data will become difficult to
manage and document in the current
structure. However, the actual analysis of
the data is simple; most data sources are
already aggregated and analyzed, and a
few only require manipulation for data
visualization. One data source has an
automated process (hospital discharge
abstract database).

Recommendations

e (Create a detailed communications plan
prior to surveillance product release;
consider new media accessing the
products (e.g. mobile devices) and
platforms (e.g. Facebook).

e Release surveillance products once or
twice per year; include a shorter,
infographic-style product, and set can-
nabis surveillance in the context of
other substances.

e Review stakeholder indicator survey
feedback and explore ways to measure
suggested concepts.

e Document methodologies used by
each data provider to maintain compa-
rability across surveillance products in
future.

® Maintain strong relationships with
data providers in order to leverage
future opportunities for improvements
in data quality.

e Leverage opioid data management and
analysis structure to standardize data
management, reduce filing inconsis-
tencies and increase automation.

Conclusion

Overall, this initial evaluation of Manitoba’s
cannabis surveillance system identified
strengths, weaknesses and opportunities
for its enhancement. Stakeholders identi-
fied useful indicators from all three objec-
tives of the system, and provided feedback
for content areas of interest. The system
was found to be generally flexible, and to
be relatively complex in terms of data vol-
ume and management. Key challenges
were identified as the limited reach of the
baseline report, and the risk of data man-
agement inconsistencies for the future.
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FIGURE 1

Structure of Manitoba cannabis surveillance system: data flow
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Justice impacts

Our experience shows the importance of
regular surveillance system evaluation.
During the surveillance cycle, this is a
step that is often overlooked but really
should be a key consideration during
design and planning of a surveillance sys-
tem. It is important that the effort put into
maintaining surveillance systems and the
processes of sharing information be effi-
cient and serve the information needs of
users. Evaluation allows us to understand
these needs better and informs how we
can adapt and improve processes and sur-
veillance products going forward.
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At-a-glance

Injuries and poisonings associated with e-cigarettes and
vaping substances, electronic Canadian Hospitals Injury
Reporting and Prevention Program, 2011-2019

Steven R. McFaull, MSc (1); Minh T. Do, PhD (2,3); André Champagne, MPH (1); Felix Bang, MPH (1)

Abstract

Electronic cigarettes are devices that deliver nicotine to the user by heating an e-liquid.
In Canada, the Tobacco and Vaping Products Act became law on May 23, 2018. The
purpose of this study was to describe the cases of injuries and poisonings associated
with e-cigarette and vaping substances that presented to Canadian emergency depart-
ments within the electronic Canadian Hospitals Injury Reporting and Prevention
Program network between 2011 and 2019. A total of 68 cases were retrieved (54.4%
males). Of the 68 cases, 8 occurred between 2011 and 2014, while 35 (51.5%) occurred
in 2018 or 2019. Ingestions, inhalations and burns were observed.

Keywords: electronic cigarette, vaping, injury, surveillance, eCHIRPP

Introduction

Electronic cigarettes (e-cigarettes) are devices
that deliver nicotine, via an aerosol, to the
user by heating an e-liquid that contains
propylene glycol, nicotine and flavouring
agents."* These devices were invented in
the early 2000s in China and began to
gain prominence in the North American
marketplace in 2013, when the large
tobacco companies entered the market.!

The prevalence of e-cigarette use among
youth in Canada has increased between
2013 and 2018.3* Reid et al.’ indicated that
in 2013, 8.5% of Canadians aged 15 years
and older reported ever having tried an
e-cigarette (1.8% reported use in the last
30 days). Prevalence was highest among
youth aged 15 to 19 years (19.8% ever;
2.6% past 30 days). Hammond et al.*
reported on vaping from a more recent
survey of adolescents aged 16 to 19 years;
in 2018, ever-prevalence was 37.0% and
past-30-day use was 14.6%.

In Canada, the Tobacco and Vaping Products
Act® (TVPA) became law on May 23, 2018.

The TVPA replaced the Tobacco Act, which
governed how tobacco products were sold,
labelled, produced and promoted. Adults
can now legally get vaping products with
nicotine. In addition to the TVPA, vaping
products are also subject to the Canada
Consumer Product Safety Act,® the Food and
Drugs Act’” and the Non-smokers’ Health
Act.*® Despite the TVPA becoming law only
recently, there is evidence that vaping prod-
ucts containing nicotine were available at
least three to four years prior to 2018.101!

A recent outbreak in the United States of
pulmonary illness associated with vaping
has heightened awareness of the potential
hazards associated with e-cigarette use.!
While these cases would not necessarily
be captured in an emergency department
injury and poisoning surveillance system
due to their differing presentation, there
are reports of other injuries and poison-
ings that have been associated with vap-
ing devices, including ingestions resulting
in nicotine exposure by young children.!3!>
These reports included a fatality,'® inten-
tional ingestions,'” inhalation effects'® and
burns due to explosions.!81?

Highlights

e Of 68 cases of injury or poisoning
due to e-cigarette use or vaping
between 2011 and 2019, 54.4%
involved males.

e Of the 68 cases, 8 occurred between
2011 and 2014 while 35 (51.5%)
occurred in 2018 or 2019.

e The annual percent change (APC)
was 50.7% (95% CI: 15.9-96.1).

e Children under 5 years of age who
either ingested the e-juice or vap-
ing liquid or inhaled from the device
accounted for 52.9% of incidents.

e In two cases, the device’s battery
exploded in the pocket of an adult
male, causing a burn to the thigh.

e There were 3 traumatic brain inju-
ries as a result of a fall subsequent
to vaping.

The purpose of this study was to describe
the circumstances of injuries and poison-
ings associated with e-cigarette and vap-
ing substances that presented to Canadian
emergency departments within the elec-
tronic Canadian Hospitals Injury Reporting
and Prevention Program (eCHIRPP) net-
work between 2011 and 2019.

Methods

Data source

The electronic Canadian Hospitals Injury
Reporting and Prevention Program
(eCHIRPP) is an injury and poisoning sen-
tinel surveillance system operating in
11 pediatric and 8 general hospitals across
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Canada. The eCHIRPP is managed by the
Public Health Agency of Canada (Centre
for Surveillance and Applied Research).?

Extraction of cases

We searched the eCHIRPP database for
cases (all ages) of injuries and poisonings
related to e-cigarette and vaping substance
use entered into the system between
1 April, 2011, and 4 October, 2019. Cases
were identified using eCHIRPP factor
codes “858F:e-cigarette” or “859F:e-cigarette
fluid” and a bilingual text-based search of
the eCHIRPP narrative fields (Narrative,
Product, Substance ID) using a list of
slang and brand-name terms such as:
“Ecig”, “e-cig”, “nicotine”, “Vapouriz”,
“e-juice”, “JUUL”, “lene glycol” and
“myblu”. The full list of search terms is
available upon request. We cleaned the
data by mining the narrative fields using
practical extraction and report language
(Perl) regular expressions* in SAS 9.4
(SAS Institute Inc., Cary, NC, USA). The
clean dataset was manually reviewed and
coded with further circumstantial detail.
The temporal trend was assessed using
Joinpoint software.?

Results

We retrieved a total of 68 cases, of which
37 (54.4%) involved males. In the emer-
gency department 26 patients (38.2%)
were held for prolonged observation and
2 were admitted to hospital.

Of the 68 cases, 8 occurred between 2011
and 2014, while 35 (51.5%) occurred in
2018 or 2019. Figure 1 shows the trend
over time and the results of the Joinpoint
analysis. Since there was one case in 2011
and there were none in 2012, the analysis
was limited to 2013 to 2019. The annual
percent change (APC) was 50.7% (95%
CI: 15.9-96.1). The number of cases were
normalized to the proportion of eCHIRPP
cases (per 100 000) in the same year.

Table 1 describes the circumstances and
the injuries and poisonings associated
with electronic cigarettes and vaping
devices. Children under 5 years of age
who either ingested the e-juice or vaping
liquid or inhaled from the device accounted
for 52.9% of incidents. A smaller number
of children and youth aged between 5 and
19 years also ingested the vaping fluid;
however, youth at this age vape (either
with or without cannabis) and therefore
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FIGURE 1
Emergency department presentations for e-cigarette/vaping-related injuries
and poisonings, eCHIRPP, 2013-2019
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Abbreviations: APC, annual percent change; eCHIRPP, electronic Canadian Hospitals Injury Reporting and Prevention Program.
Note: Normalized proportion: number of cases/total number of cases in eCHIRPP in the given year (x 100 000).

22019 is incomplete.
* Significant at a = .05.

may experience inhalation effects (as did
18 of the cases in our study).

In two cases, the device’s battery exploded
in the pocket of an adult male, causing a
burn to the thigh. The 68 patients suffered
71 injuries (3 had a second injury). There
were 3 traumatic brain injuries as a result
of a fall subsequent to vaping.

Discussion

In addition to the usual potential health
effects of vaping, it is clear that injuries
and poisonings related to vaping are a real
concern. The large annual percent change
depicted in Figure 1 likely reflects the
increased marketing exposure of these
devices in recent years, although increased
awareness may also have contributed to
the inflection. However, given the proxim-
ity of the May 2018 law to the cut-off date
of the current study, changes may not be
detectable and would require a longer
post-law surveillance period.

Nicotine poisoning in children became an
issue in the early 1990s, when transder-
mal nicotine patches became available in
the US.» With the increasing prominence
of e-cigarettes, the issue has re-emerged.”"
Because of their increased exposure to
e-liquids and vaping devices, children under
S years of age are at risk for unintentional

ingestion or inhalation, resulting in a poi-
soning diagnosis. While these cases are
overrepresented in this study due to the
predominance of pediatric hospitals in the
eCHIRPP system, it is still an important
issue that requires continued surveillance.
The study by Chang et al.!® in the United
States showed an increase in such cases
between 2013 and 2015, and then a
decrease to 2017. These researchers indi-
cated that the Child Nicotine Poisoning
Prevention Act of 2015,* which became
effective in 2016 and which required child-
resistant packaging for liquid nicotine,
may have in part contributed to the aware-
ness of state and federal legislation. While
packaging/labelling requirements were
being enforced since May 23, 2018, Health
Canada published new regulations for the
labelling and packaging of vaping prod-
ucts in December 2019.% Continued sur-
veillance will be essential if we are to
assess the effects of legislative measures.

A Canadian survey of pediatricians'® reported
85 ingestion cases among children aged
from 1 to 4 years and 135 cases of inhala-
tion among youth aged 15 to 19 years.
The difference between the results of this
survey and the current study may be due
to the fact that they each cover different
points of care (ED vs. physician’s office),
although there will have been some
overlap. Also, eCHIRPP underrepresents
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TABLE 1

Characteristics of injuries and poisonings associated with e-cigarettes and vaping

Characteristics Counts Example narrative?
Circumstances
04 years 37
Unintentional ingestion of vaping soltstion 31 Z:;l:lrgldsivr\l/ict:”open bottle of e-cigarette solution. Drank entire bottle of solution and has been
Sucked/inhaled on vaping device 5 “Playing at home and mom found sucking on an e-cigarette.”
iy AR e e 1 ;l;lgagrl[:g with e-cigarette. Dad was cleaning e-cigarette and had it apart. Child put ring on
5-14 years 14
Vaping nicotine—felt ill 5 “Nicotine poisoning from vaping all day with friends.”
Vaping cannabis/marijuana—felt ill 4 “Smoking friend’s e-cigarette. Took puff of vaporizer cigarette. It was laced with marijuana.”
Unintentional ingestion of vaping solution 3 Z\ccigadrir::’lI;’nzafoi;:o:ill)lli:l::gsiIfti)e;:)gjtrﬁgi;i.l,,into LI BRI
Other or unknown circumstances 2 “Attending house party. Drinking. Vaping. Highly intoxicated.”
15-19 years 15
Vsing sl G e gL et st ok THC ol e St
Vaping nicotine—felt ill 3 “He was vaping, using nicotine. Felt nauseated and dizzy.”
Unintentional ingestion of vaping solution 2 “Ingested ‘purple glide’ vape juice.”
Vaping and using other substances 2 “Vaping with cannabis, and using LSD.”
Intentional self-harm 1 “Vaping marijuana, threatening suicide.”
Swallowed piece of vaping device 1 “Vaping; piece of device broke off and he swallowed it.”
30-49 years 2
Battery exploded in pocket 2 “Walking, battery of his vaping device exploded in his front pocket.”
Injuries and poisonings 710
Poisonings 55 “Swallowed nicotine e-juice.”
Traumatic brain injury 3 “Was vaping with THC; stood up and fainted; fell to the floor and struck head.”
Thigh burn 2 “Walking, battery of his vaping device exploded in his front pocket.”
FB in alimentary tract 1 “Vaping; piece of device broke off and he swallowed it.”
el iy P 1 ;l;lgaeyru:g with e-cigarette. Dad was cleaning e-cigarette and had it apart. Child put ring on
No injury or poisoning detected 5 “In store, had been vaping marijuana; fainted and hit head on counter.”
Unknown 4 “Playing. Took a sip of liquid for e cigarette. She was shaking, parents called poison control.

Called paramedics. No shaking when they arrived.”

Abbreviation: FB, foreign body.

Note: There were no cases among people aged 20-29 years.
? Identifying information has been removed.

b3 patients had a second injury.

older teenagers who may go to a general
hospital.

In this study, two cases of burns due to
explosion or overheating of the device
were identified. Both incidents resulted in
a burn to the thigh. There have been other
reported cases of significant burns to the
face, mouth, thigh and genitalia.'®! Given
the array of newer products appearing
on the market, some with the ability to
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change the power capacity and voltage,?
this aspect of injury due to e-cigarette use
warrants serious attention.

Injuries and poisoning associated with
e-cigarettes can be very serious, especially
among children and adolescents. Ongoing
surveillance is necessary to profile the
Canadian experience and identify emerg-
ing trends. Since new brands with unique
names are regularly introduced into the

market, a continued evolution of the search
strategy is necessary to accurately monitor
these cases.

Strengths and limitations

The eCHIRPP narrative provides contex-
tual information not available in admin-
istrative data sources. This additional
information allows deeper analysis and
can highlight opportunities for prevention.

Vol 40, No 7/8, July/August 2020




However, eCHIRPP does not capture all
incidents in Canada, only those present-
ing to the participating emergency depart-
ments. Because most of the eCHIRPP
hospitals are pediatric (usually located in
major cities), certain groups are under-
represented in the data, including rural
inhabitants (including some Indigenous
peoples), older teens and adults. Also,
while eCHIRPP captures people who are
dead-on-arrival at the hospital, those who
died at the scene or later in hospital are
not included (although there have not
been any deaths associated with vaping in
Canada). In addition, patients who bypass
the ED registration desk for immediate
treatment may not be captured, as well as
those who do not complete an injury/
poisoning reporting form.

Conclusion

Injuries and poisonings related to e-ciga-
rettes range from ingestions in young chil-
dren to inhalation effects in adolescents
and burns related to device explosion.
Continued monitoring of the eCHIRPP text
fields can help to focus mitigation efforts.
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