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Abstract

Background: Chronic obstructive pulmonary disease (COPD) causes 3 million deaths each year, yet 38% of COPD
patients continue to smoke. Despite proof of effectiveness and universal guideline recommendations, smoking cessa-
tion interventions are underused in practice. We sought to develop an infographic featuring personalized biomedical
risk assessment through future lung function decline prediction (with vs without ongoing smoking) to both prompt
and enhance clinician delivery of smoking cessation advice and pharmacotherapy, and augment patient motivation
to quit.

Methods: We recruited patients with COPD and pulmonologists from a quaternary care center in Toronto, Canada.
Infographic prototype content and design was based on best evidence. After face validation, the prototype was opti-
mized through rapid-cycle design. Each cycle consisted of: (1) infographic testing in a moderated focus group and

a clinician interview (recorded/transcribed) (with questionnaire completion); (2) review of transcripts for emergent/
critical findings; and (3) infographic modifications to address findings (until no new critical findings emerged). We
performed iterative transcript analysis after each cycle and a summative qualitative transcript analysis with quantita-
tive (descriptive) questionnaire analysis.

Results: Stopping criteria were met after 4 cycles, involving 20 patients (58% male) and 4 pulmonologists (50%
male). The following qualitative themes emerged: Tool content (infographic content preferences); Tool Design (info-
graphic design preferences); Advantages of Infographic Messaging (benefits of an infographic over other approaches);
Impact of Tool on Determinants of Smoking Cessation Advice Delivery (impact on barriers and enablers to delivery of
smoking cessation advice in practice); and Barriers and Enablers to Quitting (impact on barriers and enablers to quit-
ting). Patient Likert scale ratings of infographic content and format/usability were highly positive, with improvements
in scores for 20/21 questions through the design process. Providers scored the infographic at 77.8% (“superior”) on the
Suitability Assessment of Materials questionnaire.

Conclusions: We developed a user preference-based personalized biomedical risk assessment infographic to drive
smoking cessation in patients with COPD. Our findings suggest that this tool could impact behavioural determinants
of provider smoking-cessation advice delivery, while increasing patient quit motivation. Impacts of the tool on pro-
vider care, patient motivation to quit, and smoking cessation success should now be evaluated in real-world settings.
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Background

Chronic obstructive pulmonary disease (COPD) affects
over 300 million people and accounts for over 3 million
deaths globally each year [1, 2]. Despite that smoking
cessation has the greatest capacity to alter the natural
history of COPD [3], 38% of patients with COPD con-
tinue to smoke daily [4].

Previous studies have demonstrated that brief smok-
ing cessation advice offered by physicians significantly
improves quit rates, with more intensive interventions,
particularly those featuring the use of smoking cessa-
tion pharmacotherapies proving additionally effective
[5, 6]. Although international guidelines consistently
recommend smoking cessation counseling by health-
care professionals [7], even brief smoking cessation
interventions are underused in actual practice. Only
37% of US [8] and 54% of Canadian people who smoke
[9] who had a visit with a physician during the prior
year had been advised to quit smoking.

Although it has long been known that, on average,
lung function drops more rapidly in people who smoke
than in those who do not [10], we recently developed
a personalized risk calculator for forced expiratory vol-
ume in one second (FEV1) decline in COPD (http://
resp.core.ubc.ca/ipress/FEV1Pred) [11]. Given that
smoking status is the only modifiable risk factor affect-
ing an individual’s future rate of FEV1 decline [11], this
created an opportunity to calculate and report the dif-
fering personalized impact of ongoing smoking ver-
sus smoking cessation on future FEV1 in people with
COPD who smoke. Such assessments—called person-
alized biomedical risk assessments—have previously
been shown to effectively improve health behaviours.
For instance, personalized estimates of future mela-
noma risk have been shown to increase use of sun
protection [12], a personal skin photography interven-
tion improved skin examination behaviour [13], and
individualized genetic risk estimates enabled improve-
ments in diet [14].

Although effects on smoking cessation have been
mixed [15], providing people who smoke with pic-
tures of their own atherosclerotic plaques improved
cessation rates by threefold [16], and providing peo-
ple who smoke with COPD with a personalized spiro-
metric “lung age” improved short- and long-term quit
rates [17, 18]. It is also established that infographics
combining visual and text information may improve
patients’ grasp of health information and enhance

decision-making capacities, thereby aiding in modify-
ing patients’ health behaviours [19].

Applying the knowledge-to-action framework for
health behaviour change [20], we hypothesized that an
infographic featuring a personalized biomedical risk
assessment in the form of future FEV1 prediction could
address known barriers and leverage enablers to clinician
delivery of smoking cessation advice and prescription
of smoking cessation pharmacotherapy, while also aug-
menting patient motivation to quit [21].

Herein, we report on patient and clinician stakeholder
preferences for such a personalized lung function decline
prediction infographic, and the systematic development
process employed to optimize its design and content in
accordance with stakeholder preferences.

Methods

We developed the infographic using a rapid-cycle
design process, which involved identifying and address-
ing user preferences and practical problems with the
tool via incremental analysis [22, 23]. Preferences sur-
rounding format, content and overall design of the info-
graphic were assessed through serial semi-structured
focus groups with patients, and serial interviews with
pulmonologists.

Study setting and population

The study took place at Unity Health (St. Michael’s
Hospital)—a quaternary care center in Toronto, Canada.
We recruited patients with physician-diagnosed COPD
from an existing respiratory disease database, by tele-
phone. Inclusion criteria were as follows: age > 35 years,
smoking history of>10 years, post-bronchodilator
forced expiratory volume in one second/forced vital
capacity ratio (FEV1/FVC)<0.7, FEV1>30% pre-
dicted, and ability to read, write, and speak English. We
employed purposive sampling to achieve sample hetero-
geneity with respect to sex, disease duration, and socio-
economic background. Given that some current smokers
are not motivated to quit and thus might not be able to
provide meaningful insights into preferences for a quit
motivation tool, we also included former smokers in the
study. We recruited pulmonologists via email and in per-
son, employing purposive sampling to achieve sample
heterogeneity with respect to sex and clinical experience
(years in practice). The study was approved by an institu-
tional review board and all participants provided written
informed consent.
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Infographic prototype development

Infographic content

The infographic was designed as a visual tool which cli-
nicians would review with patients as part of a smoking
cessation intervention, not only acting as a prompt for
intervention, but also enabling a higher-quality interven-
tion (including pharmacotherapy), and enhancing patient
quit motivation [24]. The central message was a display
of the difference in FEV1 decline over the next 15 years
(estimated reliable time horizon for the prediction equa-
tion) with and without smoking cessation. We developed
a prototype infographic featuring a simple line graph to
maximize the visual impact of this difference over time.
Given that percent predicted FEV1 anchors values to a
predicted norm (as was effective with a prior static “lung
age” infographic [18]), we depicted FEV1 values in the
graph as percent predictions rather than volumes.

We then sought to attach clinical descriptors to these
FEV1 values in order to demonstrate which patient-
relevant morbidities would be averted as a result of the
slowing in FEV1 decline after smoking cessation. Given
its recognisability to clinicians and the fact that each
stage could be attached to evidence-based clinical cor-
relates, we used the GOLD (Global initiative for chronic
Obstructive Lung Disease) system to classify lung func-
tion impairment in the infographic [3]. Accordingly, the
infographic shows that smoking cessation will slow lung
function decline, leading to a delay in GOLD stage pro-
gression and/or a less advanced projected GOLD stage at
a future time point [11, 25]. Through a literature search,
we identified which patient-relevant outcomes could
be differentiated between GOLD stages, including the
following candidate outcomes for display in the info-
graphic: mortality, frequency of COPD exacerbations,
healthcare utilization, dyspnea, exercise tolerance, qual-
ity of life, mental health, and fatigue [26—33]. We com-
plemented this primarily patient-facing information with
a physician-facing, valid, fillable, guided prescription for
smoking cessation aid, including bupropion, varenicline,
and various doses and formulations of nicotine-replace-
ment therapy (NRT) according to current level of smok-
ing. We added information about smoking cessation
resources and prescription facilitators such as reminders
of required government drug coverage codes and drug
costs.

Infographic design

Where applicable, we applied evidence-based best prac-
tices for infographic design. These included showing
direct comparisons, providing clinical context, progres-
sively modifying pictorial icons to demonstrate transi-
tions, and using symbols and images which would deliver
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accurate meaning even when interpreted literally [34]. In
particular, we avoided a primarily text-based infographic
[35], and sought to achieve visual simplicity, while lever-
aging familiar graphical displays to improve health risk
communication to patients with varying levels of health
literacy [36].

The prototype was developed with the help of a graphic
designer and underwent face validation by a convenience
sample of 10 allied health professionals who were each
given the prototype for assessment at their convenience
and asked to provide unstructured feedback on content
and usability. After corresponding improvements were
made, we presented the updated prototype to 40 airways
disease researchers and clinicians at the Canadian Res-
piratory Research Network National Meeting [37]. We
gathered insights through a moderated full group meet-
ing at this venue, which led to a final round of changes to
content and visual elements before launching the rapid-
cycle design process.

Rapid cycle design process

Each “cycle” in the rapid-cycle design process consisted
of three sequential stages: (1) infographic testing in a
focus group and a clinician interview; (2) review of tran-
scripts for emergent/critical findings; and (3) modifica-
tions to the infographic to address findings.

Focus groups included 4-6 patients and lasted one to
two hours, whereas interviews lasted one hour. Both focus
groups and interviews were facilitated by a trained moder-
ator, attended by a research staff member, audio-recorded,
transcribed verbatim, and de-identified. Each session was
scripted and utilized a semi-structured format to encour-
age participants to discuss the infographic on their terms,
while still allowing the moderator to probe specific points
of inquiry within two pre-set overall themes: infographic
content and format. At the end of each session, partici-
pants completed questionnaires capturing demographic
information and Likert scale-based assessments of info-
graphic content, format, and usage preferences. Focus
group participants received $60 in compensation for their
time and travel expenses. Pulmonologists additionally
completed the Suitability Assessment of Materials (SAM)
questionnaire—a systematic method to objectively assess
clinicians’ perceived suitability of an infographic for their
patients [38]. Raters assessed each of the 22 SAM varia-
bles (Table 2) on a scale of 0 (not suitable), 1 (adequate), or
2 (superior), except for the final “cultural appropriateness”
variable (an assessment of suitability for one’s population),
which was rated on a scale from 0 (not recommended) to
10 (recommended without reservation). The final score
is expressed as a mean cumulative score out of 42 (for 21
variables) along with a mean “suitability for population”
score out of 10 [38].
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Analysis

In the review of transcripts between sequential cycles,
a member of the research team (qualitative analyst)
assessed focus group and interview transcripts in detail
and grouped relevant quotes into emerging themes
within a spreadsheet, while distinguishing between
patient (focus group) and physician (interview) quotes.
The moderator vetted this spreadsheet to ensure con-
textual appropriateness of quotes and completeness.
The entire research team then reviewed this spread-
sheet collaboratively to identify emergent and critical
findings. A priori, critical findings were defined as those
which all participants in a single focus group or most
participants across focus groups/interviews agreed to
and/or that the co-principal investigators (co-PIs), ana-
lyst, and moderator agreed were likely to be broadly
representative, required a change in order to address,
and that change was feasible to implement within the
infographic. Emergent findings were those that were
expressed by more than one participant across a sin-
gle focus group or across two or more focus groups but
which were not felt by co-Pls, the analyst and/or the
moderator to be sufficiently important, broadly rep-
resentative, and/or feasible to implement. Emergent
findings could be considered critical after appearance
in two or more focus groups or interviews. The pre-set
stopping criterion for the study was when no new criti-
cal findings emerged from a focus group and interview
cycle, thus reaching sufficient information power [39].
If there were divergent opinions during patient focus
groups about specific topics, we posed pointed ques-
tions to subsequent focus groups until there was a clear
directional preference.

At the end of the study, we performed a summative
qualitative analysis of all transcripts. Data analysis fol-
lowed the systematic process prescribed by LeCompte
and Schensul, taking place in three stages: (1) item
analysis, (2) pattern analysis, and (3) structural analy-
sis [40]. Using the R open source software package for
Qualitative Data Analysis (RQDA), we created a cod-
ing scheme which enabled us to carry out this induc-
tive analysis by compiling items together at a specific
level and then creating more abstract statements about
patterns of relationships in the data (themes), to gen-
erate overall insights into user preferences for info-
graphic content and format. Consensus on interview
coding was reached through comparison and discus-
sion between qualitative analysts (PP, SG, PG), and
demonstrative quotations were collected for each iden-
tified theme. We also present quantitative summary
statistics from demographic, Likert scale, and SAM
questionnaires.
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Results

We conducted four sequential cycles of patient focus
groups and clinician interviews until stopping crite-
ria were met. The four pulmonologists recruited for
interviews (two male, two female) had been in prac-
tice for 1-20 years and reported seeing between 2 and
20 COPD patients per week. We recruited 20 COPD
patients for focus groups (Table 1).

Qualitative results
Critical findings and corresponding changes made to
the infographic and serially updated infographic ver-
sions used in each round of the rapid-cycle design pro-
cess are shown in Additional file 1. The final infographic
is shown in Fig. 1.

Thematic analysis

Results of the three staged analysis, by each main iden-
tified theme and subthemes, are described below. Fur-
ther representative quotations and the full thematic
structure are provided in Table 2.

Tool content

The first theme included all preferences and observa-
tions pertaining to the content within the infographic.
The first Content subtheme was the Importance of
Messaging Tone, wherein some participants believed
that a negative overall tone would be more impact-
ful, whereas others preferred a positive tone: “..if
we're using this to—as a tool to urge people to quit,
we want to keep the message as positive as possible”
[Round 1 (R1), Patient 2 (P2)]. Participants stressed
the Importance of Personalization of infographic con-
tent in order to ensure patient buy-in: “...the fact that
it'’s personalized to the patient is very, very powerful...
it’s a story about them. I think that’s a very powerful
thing”” [R3, Clinician 3 (C3)]. In addition, participants
identified the Importance of Lay Language to prevent
confusion: “[COPD is] either emphysema or chronic
bronchial disease. It’s one of the two.” (R2, P4). The last
Content subtheme was about a Scientific vs Intuitive
Display Preference, wherein clinicians indicated a clear
preference for scientifically accurate depictions of dis-
ease, such as lung damage in COPD: “..it’s just going
to look like there’s a lot of black dots, which would be
okay ‘cause it means there’s a lot of carbon deposition.
But that’s not what you’re trying to show” (R2, C2).
Conversely, patients preferred more intuitive illustra-
tions of lung damage: “Just black out that part of the
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Table 1 Patient background and demographic information (n=20)
Number (%)
Sex (n=19) Male 11 (58)
Female 8(42)
Age (n=18) 40-49 1(6)
50-59 2(11)
60-69 6(33)
70-79 4(22)
>80 5(28)
Highest level of education completed (n=19) Elementary school 1(5)
High school 2(11)
College/trade school/other 7(37)
University 9 (47)
Total annual personal income (n=15) <$20,000 2(13)
$20,000-39,999 2(13)
$40,000-59,999 3(20)
$60,000-79,999 2(13)
>$80,000 6 (40)
Time since COPD diagnosis (n =20) 1-5 years 7 (35)
6-10 years 6 (30)
11-15 years 2 (10)
16-20 years 3(15)
>20 years 2(10)
Emergency room visits for COPD in the past year 0 16 (80)
(n=20) 1 3(15)
2 1(5)
Current smoking status (n=20) Current smoker 5(25)
Prior smoker 15 (75)
Number of prior quit attempts (n=16) 0-5 9 (56)
6-10 5@31)
11-15 2(13)

COPD denotes chronic obstructive pulmonary disease. As indicated, the number of subjects who chose to respond to each question varies by question

lung that’s gone dead, if you like... a picture would
show only a third of a lung in clear and the rest of it’s
black or greyed out” (R3, P5).

Tool design

The second theme encompassed design preferences
for the infographic. Design features included: Impor-
tance of Engaging Design (“I just wanted something that
would sort of jump out at you, you know””) (R1, P2); a
Preference for Minimalist Design (“The problem is then
you have so much stuff [...] there might be an opportu-
nity to lay it out a bit different”) (R3, C3); a Preference
For Larger Fonts And Visual Elements (“...it would have
much more impact if it were larger”) (R1, P5); and a
Preference For Use Of Colours (“Yeah, I would do all the
graphics in different colours there, not just the lungs”)
(R1, P3).

Advantages of infographic messaging

The third theme identified how using an infographic
in such a tool could confer specific benefits over other
approaches. The first associated subtheme was Overall
Power of Visual Depictions, wherein participants indi-
cated a preference for visual communication for con-
veying complex information: “Just on the face of the
document, my first impression is that I can—there’s a lot
of information here and I can gather it at a glance” (R3,
P3). The second subtheme was Function of Anchoring
to Evidence, wherein participants described the value of
communicating the scientific basis of infographic mes-
sages: “But certainly having the reference down here to
actually justify the decreased lung function prediction, I
think is really useful. Especially in the subset of patients
that have more higher-level questions about where this
information’s coming from” (R1, C1). Finally, participants
stressed the advantage of using an infographic approach
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These are estimates based on patient-specific variables plugged into a validated FEV1 predictor equation (Zafari Z, Sin DD, Postma DS, et al. Individualized prediction of lung-function
decline in chronic obstructive pulmonary disease. CMAJ: Canadian Medical Association Journal. 2016;188:1004-1011).

Fig. 1 Final infographic. A Shows the front page of the infographic, including a line graph demonstrating expected lung function decline with
ongoing smoking versus smoking cessation and morbidities associated with each lung function stage (a John Doe infographic is shown for
simplicity; a similar Jane Doe infographic is available for female patients). B Shows the back page of the infographic, featuring a valid, fillable, guided

prescription for smoking cessation aids

as a means to improve Accessibility to Low Literacy and
Non-English Speaking Populations: “There’s not a lot of
writing, so I find that more useful ‘cause people are usu-
ally sick of reading things...and not everybody has the
same literacy level...or speaks English, you know” (R4,
C4).

Impact of tool on determinants of smoking cessation advice
delivery

The fourth theme featured participants’ impressions of
the impact of this tool on the barriers and enablers to
delivery of smoking cessation advice in clinical practice.
The first subtheme was the Impact on barriers to smok-
ing cessation advice delivery, wherein participants dis-
cussed the effect of using the tool on patient-physician

interactions and the therapeutic relationship. For exam-
ple, clinicians discussed how the tool might not only
act as a reminder for them to deliver smoking cessation
advice, but could also overcome perceived lack of effec-
tiveness of that advice: “It’s like a constant reminder to
also talk to those patients that you've seen time and time
and time again” (R4, C4); “I feel like it would just add
to how people take in information [...] I think it would
enhance that for some people” (R4, C4). The second sub-
theme was about the tool’s Enabling impact on smoking
cessation advice delivery, such as how ease of access to
smoking cessation information through a printed copy of
this tool could facilitate information delivery (“.. I think
if I could open a drawer, pull up a smoking cessation tool
and kind of counselling about COPD at the same time,
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(b)
St.Michael’s

Inspired Care. Inspiring Science.

Brief (<3 minute), personalized physician advice to quit increases quit rates!

Therapies scientifically proven to enhance quit rates: Nicotine Replacement
Therapy (NRT), Varenicline (Champix), Bupropion (Zyban), or NRT +
Varenicline/Bupropion

*Average cost of smoking is 50¢/cigarette, but prices may vary.

Prescription for: John Doe

Date:

[ Varenicline (Champix)
Starter pack x 1 (first 4 weeks) and Continuation pack x 2 (next 8 weeks)
(Total: $384)
Refills:

[] Buproprion (Zyban)
150 mg daily for 3 days, then 150 mg twice daily for 81 days (12 weeks total)
(Total: $224)

Refills:

[ LU code 423 (free 12 week treatment for patients on provincial drug plan)

Prescriber name:

CPSO#:

Signature:

Call Smokers’ Helpline at 1-877-513-5333 or go to www.smokershelpline.ca
for more help and information on quitting smoking.

Fig. 1 continued

[C] Over-the-Counter Options: Nicotine Replacement Therapy

Cigarettes/day  Nicotine Patch Dosing (7 patches/$30)

[]<10 ==p Patch 7 mg daily x 6 weeks

[]10-20 mmmp Patch 14 mg daily x 6 weeks,
then 7 mg daily x 4 weeks

21-30 > Patch 21 mg daily x 6 weeks,

0 then 14 mg daily x 2 weeks,
then 7 mg daily x 2 weeks

[]31-40 s Patch 28 mg (21 mg + 7 mg) daily x 6 weeks,
then 21 mg daily x 4 weeks,
then 14 mg daily x 2 weeks,
then 7 mg daily x 2 weeks

[]>40 N Patch 42 mg (21 mg + 21 mg) daily x 6 weeks,

then 35 mg (21 mg + 14 mg) daily x 2 weeks,
then 28 mg (21 mg + 7 mg) daily x 2 weeks,
then 21 mg daily x 2 weeks,

then 14 mg daily x 2 weeks,

then 7 mg daily x 2 weeks

Always use an as needed short-acting nicotine replacement therapy
option in conjunction with the nicotine patch:

Nicotine Gum (e.g. Nicorette 2 mg: 105 pieces/$40; 4 mg: 105 pieces/$50)
[] Smoking <20 cigarettes/day:
1-2 gum (2 mg) every 1 hour as needed (max 24 pieces/24 hours)

[] Smoking >20 cigarettes/day:
1-2 gum (4 mg) every 1 hour as needed (max 24 pieces/24 hours)

Nicotine Lozenge (2 mg: 96 pieces/$29; 4 mg: 96 pieces/$31)

[] First cigarette within 30 minimum of awakening:
4 mg lozenge every 1-2 hours as needed (max 5 lozenges/6 hours or
20 lozenges/24 hours)

[] First cigarette more than 30 minimum after awakening:
2 mg lozenge every 1-2 hours as needed (max 5 lozenges/6 hours or
20 lozenges/24 hours)

[] Nicotine Inhaler (4 mg cartridge, 42 cartridges/$52):
Inhale 1 cartridge as needed (max 16 cartridges/24 hours)

[] Nicotine Mouth Spray (150 sprays/$50):
1-2 spraysthour (max 4 sprays/hour or 64 sprays/24 hours)

that would be fantastic”) (R3, C3); and the fact that the
infographic simplifies smoking cessation prescriptions
by listing doses, contraindications, and medication
coverages.

Barriers and enablers to quitting

The final theme elucidated participants’ awareness of
barriers and enablers to quitting smoking, and how these
were addressed in the infographic. The first subtheme
was Barriers to Quitting, including: the cost of smoking
cessation aids (“I'm on disability and so, like, [nicotine
replacement therapy is] not something that I can afford
to buy”) (R1, P3); concerns about tolerability of smoking
cessation aids (“I went on was Champix and I was deathly
ill over it. [...] Deathly, deathly ill”) (R2, P2); perceived
futility of quitting when smoking cessation did not lead
to a change in predicted GOLD stage in the infographic
(“Yeah, there’s no advantage...Absolutely it’s less com-
pelling”) (R3, P1); and unreadiness to actively engage

in quitting (“You have to be ready to quit or you won't
quit. You got to want to quit”) (R3, P4) (a concern which
guidelines have debunked [6]).

The second subtheme in this category was Enablers to
Quitting, including fears of: worsening functional capac-
ity (“I thought, am I going to give up sports? I don't think
so. So about a month later—and it bothered me so bad
I quit”) (R1, P3); worsening lung function (“I think if
you seen one in six months and then you seen one in a
year and it showed a decrease in your lung function and
you went, let’s say from a stage two to a stage three, that
would probably scare somebody”) (R4, P6); frequent
flare-ups (“Yeah, death but also the COPD flare-ups,
because that’s an indicator of where youre going”) (R4,
P1); and death (“Keep it straight. If you keep smoking
you're going to die. And I think it’s a very powerful mes-
sage”) (R2, C2). Other enablers included the power of
physical depictions of lung deterioration (“I just think
it would be more dramatic, be more impactful that’s all.
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Table 2 Themes with representative quotations from focus groups and interviews

Themes and subthemes Representative quotations

1.Tool content
(a) Importance of messaging tone

Preference for positive messaging “Yeah, | think the other point is that if we're using this to—as a tool to urge
people to quit, we want to keep the message as positive as possible. You
don't want too much fear in it, the down line plus the graphics there, you
know, might be a little too negative” (R2, P2)

Preference for negative messaging “| think it would even be maybe more effective to say, increasing risk of COPD
flares and death. Because again, most patients are probably going to be, in
the visceral sense, more aware of what it’s like to have a COPD flare than the
thought of their mortality’ (R1, C1)

“I think it's more meaningful if [the arrow beside the graph points] down [...]
This is where you're going to end up”(R2, P2)
“It's scarier if the arrows are going down! (R2, P3)

(b) Importance of Personalization

“...the fact that it's personalized to the patient is very, very powerful, and
it's readily available. And then they leave with that in their hand, where it's a
story about them. | think that's a very powerful thing" (R3, C3)

"Because this has happened to me, stage three, instead of puffing when
you're walking, use a walker, have a rollator there” (R3, P1)

(c) Importance of Lay Language

“What falls under COPD? Is that, like, asthma? Just any chronic obstructive
pulmonary disorder? [...] Yeah, I've heard emphysema and chronic bronchi-
tis, but I didn't know if asthma was classified as COPD! (R1, P4)

(d) Scientific vs Intuitive Display Preference

Preference for scientific display (physicians) “Those look like black dots. That looks like you're developing some sort of
fibro nodular disease. So | don't know, | think you need a better graphic ‘cause
that’s not what lungs that smoke look like. You don't have fibro nodular
disease, you have holes, right, and you're not showing that" (R2, C2)

Preference for intuitive display (patients) “Yeah, you see the bronchia, which, you know, in the others, it's more con-
gested. You can't see it. So that | got” (R1, P1)
“Just flop them so your darker lung is at the bottom” (R1, P3)

2. Tool Design

Importance of engaging design “Yeah, because this—the graph and the way it's set up is—it’s kind of blah,
frankly. You want something to grab you there. This is—like, | mean, it's
like a—one of those Rothko paintings. It's just white with a little dot or some-
thing, you know. It's not grabby enough! (R1, P2)
“There is no focal point on this. Usually with an infographic, you're supposed
to have a focal point that draws you in. There is no focal point here!" (R2, C2)

Preference for minimalist design “You make me—when you ask me what I'm taking home from it, essentially
I'm taking home the whole thing, the whole top. If there was too much
information on it [...] [it would] be in overload [...] So yeah, | think it's very
effective in that way,that it doesn't go overboard. Doesn't give you too much
info. But it gives you enough to think about” (R1, P2)

“It's really busy. It's too much stuff. That's my first thought” (R2, C2)

Preference for large fonts and visual elements “Print’s too small” (R1, P5) “It is way too small (R1, P3) “And it’s too crowded”
(R1, P5)
“It's too small [....] The problem for me right now is in black and white, 'm not
being drawn to the key message. | want to see these two lines, you know,
Jane quit smoking, Jane continues smoking, those should be bigger” (R2, C2)

Preferences for use of colours “ would say something that’s more colourful” (R1, P4) “It's true, we are very
visual, you know what I mean, and red, danger and certain things like that,
right (R1, P3)

“| think that this being in colour, even though it's being more expensive, |
think that would be really nice, especially for the graph parts of the— it's just
like a much more clearer relation of the stages, you know, just to colour code
it" (R4, C4)

3. Advantages of Infographic Messaging

(a) Overall power of visual depictions Yeah, [if this was] tied to the lung function test? Absolutely, this is a visual of
what that is in layman’s terms.’ (R2, P4)
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Themes and subthemes

Representative quotations

(b) Function of anchoring to evidence

(c) Accessibility to low literacy and non-English speaking populations

4. Impact of Tool on Determinants of Smoking Cessation Advice Delivery
(a) Impact on barriers to smoking cessation advice delivery
Tool acts as a reminder to deliver smoking cessation advice

Tool increases efficiency of smoking cessation advice delivery

Tool increases impact of smoking cessation advice intervention

Effect on relationship with patient (deleterious impact)

Effect on relationship with patient (positive impact)

(b) Enabling impact on smoking cessation advice delivery
Ease of access

Prescription facilitation: reminder of medication doses

Prescription facilitation: reminder of medication contraindications

Prescription facilitation: reminder of medication coverage

Role of physician guidance

5. Barriers and enablers to quitting

(a) Barriers to quitting
Financial

Fear of mediation side-effects/dependency

“This is objective evidence. So | think that would be very helpful in that
regard’ (R2, C2)

“...everything that's been recommended here has been validated and shown
to be helpful in some patient populations....for the doctor to be able to say,
we know these work! (R2, C2)

“A lot of my patients will take notes, because many of them don't speak Eng-
lish...So for my population, where | would be using this, | prefer something
where they've got a pen and they can scribble all over it (R2, C2)

"And it's a reminder, right, so it's almost like you've done a PFT, COPD, this is
on there. It's like a constant reminder to also talk to those patients that you've
seen time and time and time again” (R4, C4)

“| think not only would you be faster. | think you would be more organized.
And I think over time you would actually see even, like, additive benefits of
that because you would get more comfortable providing smoking cessation
counselling in an organized manner. And in a way that leads you directly
from the explaining the relevance to the patient and then kind of going right
into the therapeutic options. I think it would be really quick and efficient” (R1,
[@))]

“...the fact that the patient would then get this and be able to reference it
back and maybe they would stick it on their fridge or have it somewhere
where they could look at it and it would continue to motivate them at home
after their healthcare visit. And might even make them want to do some of
their own reading about the effects of smoking” (R1, C1)

“So if someone says I'm not interested in quitting smoking, and then | go on
and say, okay John, you told me you don't want to quit smoking. But let’s talk
more about your lungs and what's going to happen. They're just going to say,
listen, this guy is not hearing me. | told him | don't want to quit” (R3, C3)

“...they want information, and this is information. They may not do anything
with it, but they really appreciate, they really appreciate somebody sitting
down and talking to them! (R2, C2)

“... it makes it much easier than having to find something else and print it off
and see if you're in a room that has any posters or pictures. | like tools like this.
This is very useful ‘cause | find just ease of access, it's right there! (R4, C4)

“| think it would be helpful. It's always—you knowy, it's just to remember
exactly the right dose of nicotine replacement therapy given your patient’s
smoking habits” (R1, C1)

“| don't do a ton of COPD care as respirologist myself...| would want more
information for...the Champix and Zyban. Just at least what to avoid, right”
(R4, C4)

“... I'thinkit's helpful that it has the costs incorporated as well, which are an
important piece because they're not always covered unless you're in one of
these kind of special referral programs..." (R1, C1)

“| think one of the big advantages of it is that the little graphics, the pictures
here, the doctor can actually point to them and say, look, how short of breath
are you on a scale of one to ten, or something...The doctor can give you
what to look for in stages one to ten by pointing to a particular activity” (R1,
P2)

“But even on the left here, Chantix all that, $384 for 8 weeks of (R4, P2)—
“Who's got that kind of money?...They want you to quit, but it's so expensive
to quit” (R4, P5)

“...| broke out. I did, you know, right arm, left arm, chest, the whole bit to the
point where | had to go to a dermatologist. | tried another couple of patches
and still had a problem..." (R2, P2)
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Themes and subthemes

Representative quotations

Perceived futility of quitting when predicted GOLD stage does not
change with smoking cessation

Patient not being in the Active Stage of Quitting

(b) Enablers to quitting
Fear of worsening functional capacity

Fear of worsening lung function

Fear of frequent flare-ups

Fear of death
Physical depictions of lung deterioration

Diverse smoking cessation pharmacotherapy options and resources

“So in the scenario where you may end up in the same stage whether or not
you quit, do you think that you'd still be compelled to quit smoking if you
saw that? (R2, M)

"I'd be—yeah, number two, less compelled” (R4, P2)

“Yeah, | wouldn't quit” (R4, P6)

“Maybe | can quit. But it took a long time. It took two years to get myself to a
spot where | can honestly say | quit smoking” (R2, P2)

“Homecare that you'd need. Possibility of being in a wheelchair or having to
use oxygen tanks. Just, you know what, losing your ability to be independent
is terrifying” (R1, P3)

‘| find the fear of my patients who have COPD are smoking, are petrified of
being on oxygen..."(R3, C3)

“| think the lungs because you feel it. You feel that your lung's not—hasn't got
the capacity. (R3, P5)

“| could turn around a lot of people who are in stage one and open their eyes
as to what stage two is, because. . .here’s stage two and it creeps up on you.
And that’s the thing about the disease, you really don't notice it. It just creeps
up on you! (R3, P2)

“That's not something that you can just get a script in the emerge and you're
okay...It's not just a simple tablet you take once in awhile when you show up
in the emergency department. Yes, you do for a flare but it shouldn't be that
that's the message they're getting. It should be, like, you're ending up in the
emerge a lot and you're sick, you know." (R4, C4)

" .. The mention of death is more effective! (R4, P4)

“... Just black out that part of the lung that's gone dead, if you like... a
picture would show only a third of a lung in clear and the rest of it's black or
greyed out...l just think it would be more dramatic, be more impactful..."
(R3,P5)

“Oh, smokers help line...in fact, | would put that at the top before anything
to know that there was some place that you could definitely go! (R2, P1)

C denotes clinician participant; M denotes moderator; P denotes patient participant; R denotes round

Whoa, what do you mean? Less than half my lungs are
active? That’s the way I would read it”) (R3, P5) and the
availability of diverse smoking cessation options and
resources in the infographic (“I think it’s good that you're
showing other alternatives to the patch, so it’s not—you
know what I mean. Like, you're not alone. There’s gum
and there’s spray. I think this is a good list”) (R1, P4).

Quantitative results

Patients

Likert-scale response values are presented in summa-
tive fashion for all four focus groups (Figs. 2, 3). Over-
all, there was a trend to more favorable responses as the
study progressed, with improvement in the mean Likert
scale response score for 11/12 content-related questions
(improvement from a mean of 3.8/5 in the first focus
group to 4.5/5 in the last focus group), 4/4 design-related
questions (improvement from a mean of 3.2 in the first
focus group to 4.2 in the last focus group), and 5/5 tool
usage and impact-related questions (mean improvement
from a mean of 4.0 in the first focus group to 4.8 in the
last focus group).

Clinicians

In exit questionnaires, all four physicians indicated that
if the printout were made available, they would look at
it all or most of the time and would discuss it with their
patient all or most of the time. All physicians felt con-
fident in their ability to present the information in the
tool to their patients and all believed that it would be
important to be able to provide a copy to patients. Two
of four physicians believed that the tool would help
their patients to quit smoking (the other two were neu-
tral), and three of four indicated that they would use
the tool as a prescription.

The mean overall SAM score was 77.8% (32.7/42),
corresponding to a “superior” overall rating [SAM per-
centages are grouped as follows: 0-39% (not suitable),
40-69% (adequate), and 70—-100% (superior) [41]]. Cli-
nicians rated the suitability of the infographic for their
population as 8.75/10. Mean scores for each SAM vari-
able are reported in Table 3.
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I understood the projected changes in my lung function over time, as presented in the tool 10% 90%
The purpose for the overall tool was easy for me to identify 15% 85%
It was valuable to see the projected changes in my lung function over time 10% 90%

| understood the projected changes in my level of functioning over time, as presented in
the tool

3
®

It was valuable to see the projected changes in my level of functioning over time, as
presented in the tool

®

95%

I understood the information about possibly needing oxygen in the future, as presented in
the tool

It was valuable to see the information about possibly needing oxygen in the future, as
presented in the tool
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It was valuable to see the descriptions and projections of my future quality of life, as
presented in the tool

I think the content overall was helpful 5% 95%

W Disagree M Neutral M Agree

Fig. 2 Summative Patient Feedback: Infographic Content. Responses were entered on a five-point Likert scale labeled 1 (disagree), 3 (neutral),
and 5 (agree). In this figure, scores of 1 and 2 were considered “disagree,"and scores of 4 and 5 were deemed “agree.” Each bar demonstrates the
proportion of patients with each response, for each statement
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| found the personalized information in the tool to be useful 5% 11%

I'would like to see this kind of personalized information each time | see my COPD physician
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Seeing this kind of personalized information provides me with motivation to quit smoking
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I believe | will have a higher chance of quitting smoking if | see this personalized information
as part of a stop smoking plan

]
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1 would like to receive a copy of this personalized information each time that it is presented

16% 84%
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W Disagree M Neutral
Fig. 3 Summative Patient Feedback: Infographic Design, Usage, and Impact. Responses were entered on a five-point Likert scale labeled 1
(disagree), 3 (neutral), and 5 (agree). In this figure, scores of 1 and 2 were considered “disagree,"and scores of 4 and 5 were deemed “agree”” Each bar
demonstrates the proportion of patients with each response, for each statement

M Agree

Discussion

Through an iterative design process with patient and cli-

nician input, we designed a usable and accessible person-

alized risk assessment tool to drive and facilitate delivery

of smoking cessation counselling to patients with COPD.
Our multi-staged and evidence-based design process

ensured that the final tool is an accurate reflection of

user preferences. We built the infographic around a vali-
dated FEV1 decline calculator [11], anchoring FEV1 to
the GOLD severity classification system to enable depic-
tion of evidence-based patient-relevant morbidities with
disease progression through each stage [3]. In developing
our prototype, we espoused best practices for infographic
design [34]. In iterating infographic content and design,
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Table 3 Clinician suitability assessment of materials (SAM) instrument scores

SAM area SAM variable Mean score (/2)?
Content Purpose 175
Content topics 1.75
Summary and review 1.66
Literacy demand Reading grade level 1.25
Writing style 1.75
Sentence construction 1.75
Vocabulary 1.75
Learning enhanced by advance organizers 1.50
Graphics Cover graphic 1.50
Type of illustrations 1.25
Relevance of illustrations 1.50
Graphics: lists, tables, charts, forms 1.50
Captions are used to “announce”or explain graphics 175
Layout and typography Typography 1.00
Layout 1.50
Subheadings and “‘chunking” 1.75
Learning stimulation and motivation Interaction included in text and/or graphics 1.00
Desired behavior patterns are modeled or shown in specific terms 1.75
Motivation 1.50
Cultural appropriateness Cultural match—logic, language, experience (LLE) 1.66
Cultural Image and Examples 133
Suitability for population® 8.75/10

@ A mean of individual responses from each clinician, entered on a three-point scale for each SAM variable (0 = not suitable; 1 =adequate; 2 =superior)

b Clinicians were asked to rate suitability based on patient socioeconomic/cultural backgrounds on a scale of 1-10

we then employed an integrated knowledge translation
process [42], engaging end-users in each step, as has
shown to be most effective for later uptake [34].
Rapid-cycle design has been shown to facilitate prob-
lem exploration, enhance patient engagement, and
improve tentative solutions through incremental analysis
[23]. There were evident improvements in scores across
content, design, and impact of the infographic from its
first to last iteration in the rapid-cycle process, in keeping
with serial improvement. At the same time, summative
scores across these domains were highly favorable. Sub-
ject agreement with questions about comprehensibility
and value of infographic content elements was>75% for
11/12 questions, and 95% of subjects agreed that the con-
tent was overall helpful (Fig. 2). We do note that only 55%
of subjects agreed with a statement that they understood
their risk of future COPD exacerbations through the info-
graphic, and this is an example of an outcome that would
likely need further clarification through interaction with
the clinician. Feedback on infographic usage and impact
was positive, with 84% of subjects indicating a desire to
see this kind of tool at every visit and 78% believing that
it would increase their chances of quitting (Fig. 3). Simi-
larly, all clinicians indicated that they would use the tool

with their patients, stating that they were confident in
their ability to present the information in the tool.
Because biomedical risk is a complex concept to com-
municate with patients and ensuring patient relevance is
critical to driving quit motivation, we chose to communi-
cate risk through an infographic [15]. Use of infograph-
ics for risk communication has been shown to improve
health information uptake and may improve patients’
decision-making capacity, including for smoking cessa-
tion [19, 43-45]. Infographics are also particularly well
suited to support comprehension among individuals with
low health literacy. We used the validated SAM metric
because it has been shown to predict likelihood of uptake
of health educational materials, particularly in low-edu-
cation, low-literacy patient populations [34, 46]. Our
approach enabled us to achieve a SAM score of 77.8%,
corresponding to a “superior” overall rating [41].
Previous studies report several forms of biomedical
risk assessment in people who smoke (i.e. providing feed-
back on the physical effects of smoking using physiologi-
cal measurements), though their impact has not been
assessed in patients with COPD specifically. Parkes, et al.
showed a significant absolute increase in cessation rates
of 7.2% by providing immediate feedback and explanation
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of spirometry results in the form of a patient-specific
“lung age,” compared to the smoker’s chronological age
[18]. Our infographic performs as an “enhanced” lung age
calculator, by providing not only a static calculation of
relative lung function impairment, but also a predictor of
future lung function and corresponding expected future
patient-relevant morbidities.

Although biomedical risk assessments do not consist-
ently improve smoking cessation rates when provided
in isolation and without a theoretical foundation for
behaviour change [15, 47], it is our association of bio-
medical risk with specific patient-relevant outcomes
that we believe can impact quit motivation [24]. At the
same time, the infographic acts as a provider prompt for
a brief smoking cessation intervention (and may improve
the quality of that intervention), which in itself is proven
to improve quit rates [7]. Accordingly, our tool lever-
ages several theory-based behaviour change strategies,
targeting both patient-level determinants (barriers and
enablers) of cessation and clinician-level determinants of
providing smoking cessation advice and pharmacother-
apy. Findings from our qualitative analysis support this
theoretical framework and compliment existing litera-
tures in the areas of personalized biomedical risk assess-
ment design and implementation, and determinants of
smoking cessation intervention success. For example,
in applying Michie’s behaviour change framework [48],
Aumann and colleagues identified provision of informa-
tion about the consequences of smoking in a visual and
a “drastic” form as strong quit motivators [24]. Patients
in our study expressed a similar belief in the “power of
visual depictions” and the motivation provided by a fear
of worsening and “scarier” messaging, including intui-
tive physical depictions of lung damage. On the contrary,
some patients believed that a positive tone would be
more effective than a negative one. This reflects a similar
divergence in the literature, whereby some authors, citing
prospect theory, suggest that “gain-framed statements”
(emphasizing the benefits of quitting) are more effec-
tive than “loss-framed statements” [49]. This divergence
in preferences, and the corresponding finding that about
one third of participants were neutral when asked if the
infographic provided motivation to quit (Fig. 3), suggests
that personalizing overall tone may be required for maxi-
mal effect. On the clinician side, the infographic itself was
believed to act as a reminder for, and a means to increase
the efficiency and perceived impact of smoking cessation
advice delivery. These effects address known provider-
level barriers, including forgetting to deliver advice,
having insufficient time, and not believing that advice
would be effective enough to motivate a quit (“outcome
expectancy”) [50, 51]. Patients and clinicians also indi-
cated a strong preference for personalization within the
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infographic. Indeed, tailored and personalized feedback
has previously been shown to augment the effectiveness
of physician-delivered smoking cessation interventions,
through more effective quit motivation [21, 43, 44, 52],
and personalization of advice is recommended in guide-
lines [7, 21]. Finally, it is of note that some providers
indicated a concern about potential deleterious impacts
on the patient-physician relationship through delivery
of advice. Previous research has also identified this con-
cern as the strongest attitudinal predictor of advice deliv-
ery [53]. It is encouraging, however, that some providers
believed that a patient-facing infographic might engender
a more positive patient interaction.

Our study has several limitations. Although we
recruited a diverse patient population with respect to
sex, income, age, quit attempts, and COPD duration, the
rapid cycle design process involved a small sample size
of four clinicians and 20 patients. Furthermore, 25% of
the patients were current smokers and 75% were former
smokers, whereby most participants provided feedback
based on their recollection of motivators for smoking
cessation (subject to recall bias) rather than their current
experience, representing a threat to generalizability of
our findings to all current smokers. We also acknowledge
that only 14% of participants had a high-school educa-
tion or less, further threatening generalizability to lower
literacy and more marginalized populations. However,
SAM results support accessibility across various health
literacy levels and the tool is designed to be used at the
point-of-care, with clinician guidance rather than by
patients alone. Finally, our study did not include primary
care physicians, and future studies should aim to deter-
mine whether their preferences differ, given their critical
role in smoking cessation counselling.

Conclusions

In summary, we used an iterative rapid-cycle design pro-
cess to develop and optimize a patient- and clinician-
facing personalized biomedical risk assessment tool
predicting future lung function decline, to drive smok-
ing cessation. Our findings suggest that this process led
to a tool that reflects user preferences, would be usable
in real-world clinical settings, and impacts behavioural
determinants of provider smoking-cessation advice deliv-
ery, while increasing patient quit motivation. To enable
this personalized infographic to be provided to each
patient after pulmonary function testing, we are now
developing an algorithm-based software that interacts
with pulmonary function software at the point-of-care to
automatically generate a personalized infographic. Next,
we will explore and measure the impacts of this system
on provider delivery of smoking cessation advice and
pharmacotherapy prescription, patient motivation to
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quit, and smoking cessation success in real-world clinical
settings.
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