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OBJECTIVE Persons with HIV (PWH) have increased risk for athero-
sclerotic cardiovascular disease (CVD). Despite this increased risk,
perceived cardiovascular risk among PWH is low, and interventions
that are known to be beneficial in the general population, such as
statins, have low uptake in this population. We sought to develop
a bank of text messages about (1) the association between HIV
and CVD and (2) advice on reducing cardiovascular risk.

METHODS We developed an initial bank of 162 messages. We soli-
cited feedback from 29 PWH recruited from outpatient clinics
providing HIV care at a large urban tertiary medical center and a
public hospital in San Francisco, California. Participants reviewed
7–10 messages each and rated message usefulness, readability,
and potential impact on behavior on a scale from 1 (least) to 5
(most). We also collected open-ended feedback on the messages
and data on preferences about message timing.

RESULTS The average score for the messages was 4.4/5 for useful-
ness, 4.4/5 for readability, and 4.0/5 for potential impact on
behavior. The text messages were iteratively revised based on
Address reprint requests and correspondence: Dr Megan McLaughlin,
505 Parnassus Ave, M1184A, San Francisco, CA 94117. E-mail address:
megan.mclaughlin2@ucsf.edu.

2666-6936/© 2023 Heart Rhythm Society. This is an open access article under the
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
participant feedback, and lowest-rated messages were removed
from the message bank. The final message bank included 116 mes-
sages on diet (30.2%), physical activity (24.8%), tobacco (11.2%),
the association between HIV and cardiovascular disease (9.5%),
general heart health (6.9%), cholesterol (5.2%), blood pressure
(4.3%), blood sugar (2.6%), sleep (2.6%), and weight (2.6%).

CONCLUSION We describe an approach for developing educational
text messages on primary prevention of cardiovascular disease
among PWH.
KEYWORDS Atherosclerotic cardiovascular disease (ASCVD); Pri-
mary prevention; Digital health; Mobile health; Text messages; Hu-
man immunodeficiency virus (HIV)
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Heart Rhythm Society. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
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Introduction
Persons with HIV (PWH) have increased risk for atheroscle-
rotic cardiovascular disease (CVD) despite viral suppression
with antiretroviral therapy.1,2 PWH are twice as likely to
develop CVD, and in the past 20 years, the global burden
of CVD in PWH has tripled.3 The underlying mechanism
of heightened risk among PWH is likely multifactorial,
including traditional risk factors, side effects from antiretro-
viral therapy, and chronic inflammation and immune activa-
tion.3,4 Despite this increased risk, perceived cardiovascular
risk among PWH is low.5 Interventions that are known to
be beneficial in the general population, such as statins,
have low uptake in this population.6–8 Although PWH are
often engaged in regular follow-up with HIV providers,
they have suboptimal control of traditional risk factors.9,10
Thus, there is a need for interventions to address the
increased atherosclerotic CVD risk among PWH. Digital
health applications have been used in HIV care to improve
linkage to care and adherence to HIV therapies.11,12

Numerous studies have also evaluated the use of text
messaging or other mobile health interventions for primary
prevention of CVD.13–17 However, to our knowledge,
digital health applications have not been used to inform
PWH about the elevated cardiovascular risk among PWH
or to engage them in reducing cardiovascular risk.

In this study, we sought to develop a bank of text mes-
sages about (1) the association between HIV and CVD and
(2) advice on reducing cardiovascular risk. We then sought
to refine the messages based on feedback from PWH.
Methods
The content of the messages on risk reduction was based on
the American Heart Association’s Life’s Essential 8
CC BY-NC-ND https://doi.org/10.1016/j.cvdhj.2023.11.002

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:megan.mclaughlin2@ucsf.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cvdhj.2023.11.002&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.cvdhj.2023.11.002


192 Cardiovascular Digital Health Journal, Vol 4, No 6, December 2023
materials, text messages that were developed and piloted for a
study at the University of Washington to reduce cardiovascu-
lar risk in cardiac rehabilitation participants,18,19 and pub-
lished studies of text message interventions to reduce
cardiovascular risk.13,16,20,21 The content of the messages
on HIV and CVD was based on NIH.gov information for pa-
tients, UpToDate, and expert opinion.22–24

We followed a process similar to that described by Red-
fern and colleagues21 to develop a bank of text messages to
decrease cardiovascular risk in patients with established
CVD. The messages were categorized by behavior change
technique as described in a taxonomy by Abraham and
Michie.25 The first author (MM) drafted the messages in
consultation with co-authors who are experts in the cardio-
vascular effects of HIV (PH), CVD prevention and cardiac
rehabilitation (AB), and digital engagement and research
(JO, AB, DL). The messages were designed as 1-way
communication to participants.
Table 1 Example of the highest-scoring messages by behavior change

Behavior change technique†
Highest-scoring
(final modified v

Providing information about behavior health link You can take step
Take HIV medi
healthy diet. B

Provide information on consequences Maintaining a he
heart—it lowe
blood pressure
problems.

Prompt intention formation Are you thinking
a list of 3 reas
the list somew

Prompt barrier identification Have fun! Physic
Think of activi
them.

Provide general encouragement Keeping your vir
medications m
disease. If you
keep up the g

Set graded tasks There are many w
walking the ea

Provide instruction Eating whole-gra
cholesterol. O
rice, whole-wh
whole-grain fo

Prompt self-monitoring of behavior Keep a log of yo
setting and ac

Prompt specific goal setting Trying to lose we
Specific, Meas
Timely. For ex

Relapse prevention Quitting tobacco
yourself when
you take a ste
course.

Time management Find ways to mo
routine, wheth
at home. Ever
goal!

†Behavior change techniques described in a taxonomy by Abraham and Michie25.
We recruited PWH from 3 outpatient clinics providing
HIV care at a large urban tertiary medical center and a public
hospital in San Francisco, California, during September–
October 2022. Inclusion criteria were being HIV positive,
age 40 years and older, and English-speaking. Study staff
identified consecutive participants from the waiting rooms
of the clinics. Participants were recruited and interviewed un-
til theoretical saturation was reached.

Study staff met with patients before or after their clinic
visit. Participants were asked to review up to 10 messages,
which were written on paper. They then answered multiple
choice questions with Likert-like responses about the mes-
sage usefulness, readability, and potential impact on
behavior, rating each messages on a scale from 1 (least) to
5 (most). We also asked an open-ended question about how
each message could be improved. Messages with average
scores of �3 across the 3 metrics were retained. We also
asked participants multiple choice questions about their
technique

message
ersion)

Average message score
(across the 3 domains)

s to reduce your risk of heart disease:
cines to keep HIV under control. Eat a
e physically active.

5

althy weight is good for your
rs your risk for heart disease, high
, diabetes, and other health

5

about quitting smoking? Try making
ons you want to quit tobacco and put
here you see it daily.

5

al activity doesn’t have to be a chore.
ties you enjoy and make a plan to do

4.8

al load undetectable with HIV
ay decrease your risk of heart
take your medications regularly,

ood work!

4.8

ays to get active. You may find
siest way to start.

5

in foods can help lower your
atmeal, whole-grain cereals, brown
eat bread, and rye bread are all
ods.

5

ur exercise. This will help you in
hieving your physical activity goals.

5

ight? Set a SMART weight loss goal:
urable, Attainable, Relevant, &
ample, 5 pounds over 2 months.

5

takes a lot of willpower. Reward
you reach goals. Forgive yourself if
p backward and try to get back on

4.3

ve more throughout your daily
er it’s at work, on your commute, or
y active minute counts toward your

5
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Table 2 Survey scores by message content area for the final message bank

Content area N (%) Usefulness score† Readability score† Potential impact score†

Blood pressure 5 (4.3%) 4.8 4.6 3.6
Physical activity 29 (24.8%) 4.3 4.3 4.0
Smoking cessation 13 (11.2%) 4.2 4.3 3.8
Blood sugar and diabetes 3 (2.6%) 4.3 4.5 4.0
Cholesterol 6 (5.2%) 4.3 4.4 3.7
Diet and nutrition 35 (30.2%) 4.3 4.3 4.0
Weight 3 (2.6%) 4.8 4.8 4.8
Sleep 3 (2.6%) 4.7 4.2 4.0
General heart health 8 (6.9%) 4.3 4.4 4.0
HIV and cardiovascular disease 11 (9.5%) 4.3 4.3 4.0
†Values are averages out of a maximum score of 5.
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preference for what time of day and day of the week to
receive text messages. Ethics approval was obtained from
the University of California, San Francisco Institutional Re-
view Board (IRB #22-37156), and all participants gave
informed consent to participate. The research reported in
this paper adhered to Helsinki Declaration guidelines on hu-
man subjects research.
Results
The initial bank included 162 messages on the topics of (1)
blood pressure, (2) physical activity, (3) smoking cessation,
(4) blood sugar and diabetes, (5) cholesterol, (6) diet and
nutrition, (7) weight, (8) sleep, (9) general heart health, and
(10) HIV and CVD. Behavior change techniques used in
the messages included providing information about behavior
health link and consequences, prompting intention forma-
tion, prompting barrier identification, providing general
encouragement, setting graded tasks, prompting self-
monitoring of behavior, and prompting specific goal setting
(Table 1).

We recruited 29 participants to provide feedback on the
text messages. The majority of participants were male
(66%) and 55–64 years old (59%). A diversity of races and
ethnicities were included, including 45% non-Hispanic
White, 31% non-Hispanic Black, 14% Hispanic, and 10%
Asian participants. Education levels were varied: 14% of par-
ticipants had not graduated from high school, 4% completed
high school, 10% completed junior college, 28% completed
some college, 24% graduated from college, and 17% had a
master’s degree. One-third of participants were current
smokers.

Each participant reviewed the content of 7–10 messages,
and there were 284 responses across the messages. The
average score for the messages was 4.4/5 for usefulness,
4.4/5 for readability, and 4.0/5 for potential impact on
behavior (Table 2). Messages were revised as needed and
additional messages were added based on participant feed-
back. Participants recommended several key improvements
to the messages, particularly defining or replacing unclear
terminology. Other advice included simplifying longer mes-
sages, ensuring advice is specific and actionable, keeping the
messages positive, meeting people where they are, and
making messages about medications applicable to PWH
who use long-acting injectable antiretrovirals (Table 3).

After revision of the messages based on participant feed-
back, the final message bank included 116 messages (�160
characters). The topics covered included 5 (4.3%) messages
about blood pressure, 29 (24.8%) physical activity, 13
(11.2%) smoking cessation, 3 (2.6%) blood sugar and dia-
betes, 6 (5.2%) cholesterol, 35 (30.2%) diet and nutrition, 3
(2.6%) weight, 3 (2.6%) sleep, 8 (6.9%) general heart health,
and 11 (9.5%) about the association between HIV and CVD.

Half of the participants did not have a preference about
which days to receive the text messages. Of those who re-
ported a preference, most (82%) preferred to receive mes-
sages on weekdays only. Seventeen of 29 (59%)
participants reported a preference for the time of day of the
messages; of these, 8 participants (47%) preferred to receive
messages in the morning, 4 (24%) in the early afternoon, 3
(18%) in the late afternoon, 1 (6%) in the evening, and 1
(6%) in the morning or evening.
Discussion
In this study, we describe the iterative process used to
develop and refine a bank of text messages for primary pre-
vention of CVD among PWH. We developed text messages
based on national guidelines, expert opinion, previously pub-
lished text messaging interventions, and behavioral theory.
The messages were then further refined based on feedback
from PWH. We report the details of this process, along
with participant perceptions about the messages. We found
that overall the text messages were well received by partici-
pants in the pilot study, with average scores �4.0 for useful-
ness, readability, and potential impact on behavior.

Open-ended feedback from participants improved the text
messages. Compared to the messages on risk reduction, the
messages on the association between HIV and CVD under-
went more revisions. This is not surprising, given there are
fewer readily available patient education materials on the
topic; instead, we had to rely more heavily on expert opinion
in the initial drafting of these messages. Participant input was
critical for ensuring these messages were understandable and
relevant to a diverse audience.



Table 3 Open-ended participant feedback on the messages

Participant feedback Example quote Original message Revised message or removed

Remove unclear terminology “Suppressing might be a big
word for some people, viral
load undetectable may be
more familiar.”

Suppressing your viral load
with HIV medications may
decrease your risk of heart
disease.

Keeping your viral load
undetectable with
medications may decrease
your risk of heart disease.

“Clarify physical activity
means exercise.”

To manage your blood
pressure, try moving more.
Physical activity helps
control blood pressure,
weight and stress levels.

To manage your blood
pressure, try moving more.
Exercise helps control blood
pressure, weight, and stress
levels.

“Patients won’t know what
trans fat and hydrogenated
oil, if they can’t pronounce
a word.”

Make smart food choices to
build an overall healthy
eating style. AVOID: trans
fat and partially
hydrogenated oils (found in
some commercial baked
goods and fried foods)

Removed

“I had to read it twice to
understand it. I think the
vapor and liquids, the
liquids throws me off.”

The first step to quitting
smoking, vaping and using
tobacco is to understand
the risks and health effects
for you and your family.
Cigarettes, e-cigarettes and
tobacco products contain
many toxic chemicals, as do
their smoke, vapor and
liquids.

Removed

“Will confuse people because
they don’t understand
calories. What do you mean
by calories? How much
physical activity? Then
people reject it because it’s
confusing, people fear what
they don’t understand.”

Watch Calories: Eat only as
many calories as you use up
through physical activity.
Understand serving sizes
and keep portions
reasonable.

Removed

“Device, you mean like a
phone or something? Move
it, move what?” “What is
sleep hygiene, I’ve never
heard sleep hygiene.”

Clean up your sleep hygiene.
Move it: charge your device
as far away from your bed as
possible. Added bonus? The
distance may help you feel
less overwhelmed in
general.

Removed

“The word abnormal could
pose a challenge. Maybe
changing the language for
that. High is better than
abnormal.”

Abnormal cholesterol levels
are common in patients
living with HIV and are
associated with heart
disease. Have you had your
cholesterol tested?

High cholesterol levels are
common in patients living
with HIV and are associated
with heart disease. Have
you had your cholesterol
tested recently?

“The words are very medically
based. Nonadherence to
HIV treatment and
treatment failure. If there’s
ways to say it more easily
understandable.”

HIV-specific risk factors may
increase risk of heart
disease. These factors
include non-adherence to
HIV treatment, treatment
failure, low CD4 cell count
(less than 350 cells/
microL), or a history of
delayed start of treatment
or prolonged period of HIV
viral load that was not
suppressed.

Removed
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Table 3 (Continued )

Participant feedback Example quote Original message Revised message or removed

Keep the messages positive “I don’t know if I would start
with poorly controlled.
Starts on a negative note.
Might put somebody on the
defensive.”

Poorly controlled HIV and not
taking HIV medications may
increase the risk of heart
disease. If you’re having
trouble managing your HIV,
talk to your doctor about
how they can help support
you.

Keeping HIV infection under
control may decrease your
risk of heart disease. Talk to
your doctor about how they
can help support you.

“You might make someone
feel guilty. Would be helpful
to say ‘if you haven’t, try
going on a walk’”

Did you exercise today? Click
here if you did!

Did you exercise today? If you
haven’t exercised yet, try
going on a walk.

“I don’t like the question.
You’re guilting them.”

People who exercise regularly
have a lower chance of
heart disease. Have you
exercised yet today?

Removed

Simplify longer messages “I think bullet points needed.
It reads like a run on
sentence.”

To increase your exercise,
start small! Any exercise is
better than no exercise. If
you normally take the
elevator, try using the stairs
today.

To increase your exercise,
start small! If you normally
take the elevator, try using
the stairs today.

Make the advice specific “You need specific examples,
tailored to their culture/
religion. In our area,
getting fresh fruits/
vegetables can be hard or
expensive. I have to shop in
other areas where fruit/
vegetables cheaper. Some
people may be getting food
deliveries.”

Try cooking at home instead of
eating out. Take control
over the nutritional content
of your food by learning
healthy preparation
methods.

Removed

“Seems vague to me. I don’t
know what regular exercise
even means.”

Regular exercise can improve
your blood pressure and
cholesterol.

Removed

“It’s a good message, but it
could be said in a more
conversational tone. More
relatable. Any exercise is
better than no exercise.
Examples of what’s better:
walking up to change the TV
rather than sitting with the
remote, try taking the stairs
down and then later trying
going up, down is better
than the elevator. Remind
them of these pivot points.
Choices that are likely to
come up in their typical
day.”

Start small with exercise—
begin with low-intensity
exercise and slowly increase
the intensity over time.

To increase your exercise,
start small! If you normally
take the elevator, try using
the stairs today.

Meet people where they are “Could be offputting to
someone who doesn’t want
to quit. You’re not meeting
them where they’re at.”

Make a list of 3 reasons you
want to quit tobacco and
put the list somewhere you
see it daily.

Are you thinking about
quitting smoking? Try
making a list of 3 reasons
you want to quit tobacco
and put the list somewhere
you see it daily.

Make the messages applicable
to patients who use long-
acting injectable
antiretrovirals

“This wouldn’t apply to me
because I get injections, I
would be frustrated to get
this.”

Keeping HIV infection under
control by taking your HIV
medications everyday may
decrease your risk of heart
disease.

Keeping your viral load
undetectable with
medications may decrease
your risk of heart disease.
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Many studies of mobile phone text messaging interven-
tions do not document the process of message develop-
ment.21,26–28 More studies describing message development
and reporting process measures are needed in the sphere of
digital health interventions. Although some studies of text
messaging interventions for CVD prevention have
demonstrated effectiveness,20,29 other studies have found
no effect on the primary outcome.13,16 Understanding differ-
ences in the message development and content across studies
is critical for elucidating factors that contribute to the effec-
tiveness of these digital interventions.30

This study is unique in describing the development of
messaging about cardiovascular risk designed for PWH,
who are at increased risk of CVD. Prior studies of mobile
phone interventions to address multiple risk factors in a pri-
mary prevention population have mostly targeted a general
population audience.31 Several studies have tailored digital
interventions for particular races or ethnicities at elevated car-
diovascular risk, including participants of South Asian
ancestry and African Americans.16,32 To our knowledge,
the present study is the first to describe the development of
a digital health intervention to reduce cardiovascular risk
among PWH.

This study has several limitations. We recruited patients
from outpatient HIV clinics at 2 urban hospitals in San Fran-
cisco, and our findings may not be generalizable to other re-
gions. PWH are a diverse population, and ensuring that the
messages were relevant to participants of diverse cultural
and educational backgrounds was challenging. We included
both a large urban tertiary medical center and a public safety-
net hospital, and we recruited patients from a diversity of
races, ethnicities, and education levels. Although the sample
size was small, we recruited participants until we had reached
theoretical saturation. Finally, future studies should examine
the effectiveness of text messages among PWH, looking at
outcomes such as blood pressure, blood glucose, weight
loss, and medication adherence, as well as intermediate out-
comes such as self-efficacy, physical activity, and diet.

In conclusion, we describe an iterative process used to
develop and refine a bank of text messages for primary pre-
vention of CVD among PWH, adding to the growing litera-
ture on the development of digital health interventions for
CVD. Our experience may inform the design and conduct
of future studies developing text messages for primary pre-
vention among specific groups at elevated cardiovascular
risk.
Acknowledgments
The authors thank the participants, as well as the staff at the
participating HIV clinics for their assistance with recruit-
ment.
Funding Sources
Dr McLaughlin has received salary support from an NIH
training grant (5T32HL007731-30). Dr Hsue has received
support from an NIH K24 grant (5K24AI112393).
The contents of this paper are solely the responsibility of
the authors and do not necessarily represent the official views
of the NIH.
Disclosures
Dr Hsue has received honoraria not related to the work from
Merck and Gilead. Dr Beatty was formerly employed by
(2018–2019) and held stock in (2019–2021) Apple Inc. Dr
Beatty receives consulting income from AHRQ-funded pro-
jects related to cardiac rehabilitation (TakeHeart and Univer-
sity of Mississippi) and research funding from PCORI for
cardiac rehabilitation research.
Authorship
All authors attest they meet the current ICMJE criteria for
authorship.
Patient Consent
All patients provided informed consent.
Ethics Statement
The authors designed the study, and gathered and analyzed
the data according to the Helsinki Declaration guidelines
on human research. The research protocol used in this study
was reviewed and approved by the institutional review board.
References
1. Drozd DR, Kitahata MM, Althoff KN, et al. Increased risk of myocardial infarc-

tion in HIV-infected individuals in North America compared with the general
population. J Acquir Immune Defic Syndr 2017;75:568–576.

2. Althoff KN, McGinnis KA, Wyatt CM, et al. Comparison of risk and age at diag-
nosis of myocardial infarction, end-stage renal disease, and non-AIDS-defining
cancer in HIV-infected versus uninfected adults. Clin Infect Dis 2015;
60:627–638.

3. Durstenfeld MS, Hsue PY. Mechanisms and primary prevention of atheroscle-
rotic cardiovascular disease among people living with HIV. Curr Opin HIV
AIDS 2021;16:177–185.

4. FeinsteinMJ, Hsue PY, Benjamin LA, et al. Characteristics, prevention, and man-
agement of cardiovascular disease in people living with HIV: a scientific state-
ment from the American Heart Association. Circulation 2019;140:e98–e124.

5. Cioe PA, Crawford SL, Stein MD. Cardiovascular risk-factor knowledge and risk
perception among HIV-infected adults. J Assoc Nurses AIDS Care 2014;
25:60–69.

6. Clement ME, Park LP, Navar AM, et al. Statin utilization and recommendations
among HIV- and HCV-infected veterans: a cohort study. Clin Infect Dis 2016;
63:407–413.

7. Al-Kindi SG, Zidar DA, McComsey GA, Longenecker CT. Gender differences in
statin prescription rate among patients living with HIV and hepatitis C virus. Clin
Infect Dis 2016;63:993–994.

8. Myerson M, Poltavskiy E, Armstrong EJ, Kim S, Sharp V, Bang H. Prevalence,
treatment, and control of dyslipidemia and hypertension in 4278 HIV outpatients.
J Acquir Immune Defic Syndr 2014;66:370–377.

9. Paisible AL, Chang CC, So-Armah KA, et al. HIV infection, cardiovascular dis-
ease risk factor profile, and risk for acute myocardial infarction. J Acquir Immune
Defic Syndr 2015;68:209–216.

10. Douglas PS, Umbleja T, Bloomfield GS, et al. Cardiovascular risk and health
among people with human immunodeficiency virus (HIV) eligible for primary
prevention: insights from the REPRIEVE trial. Clin Infect Dis 2021;
73:2009–2022.

11. Kemp CG, Velloza J. Implementation of eHealth interventions across the HIV
care cascade: a review of recent research. Curr HIV/AIDS Rep 2018;15:403–413.

12. Horvath T, Azman H, Kennedy GE, Rutherford GW. Mobile phone text
messaging for promoting adherence to antiretroviral therapy in patients with
HIV infection. Cochrane Database Syst Rev 2012;2012:Cd009756.

http://refhub.elsevier.com/S2666-6936(23)00075-0/sref1
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref1
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref1
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref2
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref2
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref2
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref2
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref3
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref3
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref3
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref4
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref4
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref4
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref5
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref5
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref5
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref6
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref6
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref6
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref7
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref7
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref7
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref8
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref8
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref8
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref9
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref9
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref9
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref10
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref10
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref10
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref10
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref11
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref11
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref12
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref12
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref12


McLaughlin et al Text Messages for Cardiovascular Prevention in HIV 197
13. Klimis H, Thiagalingam A, McIntyre D, Marschner S, Von Huben A, Chow CK.
Text messages for primary prevention of cardiovascular disease: the TextMe2
randomized clinical trial. Am Heart J 2021;242:33–44.

14. Redfern J, Coorey G, Mulley J, et al. A digital health intervention for cardiovas-
cular disease management in primary care (CONNECT) randomized controlled
trial. NPJ Digit Med 2020;3:117.

15. Liu Z, Chen S, Zhang G, Lin A. Mobile phone-based lifestyle intervention for
reducing overall cardiovascular disease risk in Guangzhou, China: a pilot study.
Int J Environ Res Public Health 2015;12:15993–16004.

16. Anand SS, Samaan Z, Middleton C, et al. A digital health intervention to
lower cardiovascular risk: a randomized clinical trial. JAMA Cardiol 2016;
1:601–606.

17. Zhang H, Jiang Y, Nguyen HD, Poo DC, Wang W. The effect of a smartphone-
based coronary heart disease prevention (SBCHDP) programme on awareness
and knowledge of CHD, stress, and cardiac-related lifestyle behaviours among
the working population in Singapore: a pilot randomised controlled trial. Health
Qual Life Outcomes 2017;15:49.

18. Lloyd-Jones DM, Allen NB, Anderson CAM, et al. Life’s essential 8: updating
and enhancing the American Heart Association’s construct of cardiovascular
health: a presidential advisory from the American Heart Association. Circulation
2022;146:e18–e43.

19. Beatty A. Text messaging to improve heart healthy behaviors and cardiac rehabil-
itation participation. UW ResearchWorks Archive; 2018. https://digital.lib.
washington.edu/researchworks/handle/1773/41976. Accessed August 1, 2022.

20. Chow CK, Redfern J, Hillis GS, et al. Effect of lifestyle-focused text messaging
on risk factor modification in patients with coronary heart disease: a randomized
clinical trial. JAMA 2015;314:1255–1263.

21. Redfern J, ThiagalingamA, Jan S, et al. Development of a set of mobile phone text
messages designed for prevention of recurrent cardiovascular events. Eur J Prev
Cardiol 2014;21:492–499.

22. HIV and Heart Disease, 2021, National Institutes of Health. https://hivinfo.nih.
gov/understanding-hiv/fact-sheets/hiv-and-heart-disease. Accessed July 5, 2022.
23. Currier JS. Epidemiology of cardiovascular disease and risk factors in
patients with HIV. 2021. https://www-uptodate-com.ucsf.idm.oclc.org/contents/
epidemiology-of-cardiovascular-disease-and-risk-factors-in-patients-with-hiv?
search5hiv%20heart%20disease&source5search_result&selectedTitle55w150
&usage_type5default&display_rank55. Accessed July 15, 2022.

24. CheitlinMD.Cardiac and vascular disease in patientswithHIV. 2022. https://www-
uptodate-com.ucsf.idm.oclc.org/contents/cardiac-and-vascular-disease-in-patients-
with-hiv?search5hiv%20heart%20disease&source5search_result&selectedTitle5
1w150&usage_type5default&display_rank51. Accessed July 15, 2022.

25. Abraham C, Michie S. A taxonomy of behavior change techniques used in inter-
ventions. Health Psychol 2008;27:379–387.

26. Coorey GM, Neubeck L, Mulley J, Redfern J. Effectiveness, acceptability and
usefulness of mobile applications for cardiovascular disease self-management:
systematic review with meta-synthesis of quantitative and qualitative data. Eur
J Prev Cardiol 2018;25:505–521.

27. Ricci-Cabello I, Bobrow K, Islam SMS, et al. Examining development processes
for text messaging interventions to prevent cardiovascular disease: systematic
literature review. JMIR Mhealth Uhealth 2019;7:e12191.

28. Thakkar J, Barry T, Thiagalingam A, et al. Design considerations in development
of a mobile health intervention program: the TEXT ME and TEXTMEDS expe-
rience. JMIR Mhealth Uhealth 2016;4:e127.

29. Pfaeffli Dale L, Whittaker R, Jiang Y, Stewart R, Rolleston A, Maddison R. Text
message and internet support for coronary heart disease self-management: results
from the Text4Heart randomized controlled trial. JMed Internet Res 2015;17:e237.

30. Park LG, Beatty A, Stafford Z, Whooley MA. Mobile phone interventions for the
secondary prevention of cardiovascular disease. Prog Cardiovasc Dis 2016;
58:639–650.

31. Klimis H, Thakkar J, ChowCK. Breaking barriers: mobile health interventions for
cardiovascular disease. Can J Cardiol 2018;34:905–913.

32. Brewer LC, Jenkins S, Hayes SN, et al. Community-based, cluster-randomized
pilot trial of a cardiovascular mobile health intervention: preliminary findings
of the FAITH! trial. Circulation 2022;146:175–190.

http://refhub.elsevier.com/S2666-6936(23)00075-0/sref13
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref13
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref13
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref14
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref14
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref14
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref15
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref15
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref15
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref16
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref16
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref16
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref17
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref17
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref17
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref17
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref17
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref18
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref18
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref18
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref18
https://digital.lib.washington.edu/researchworks/handle/1773/41976
https://digital.lib.washington.edu/researchworks/handle/1773/41976
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref20
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref20
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref20
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref21
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref21
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref21
https://hivinfo.nih.gov/understanding-hiv/fact-sheets/hiv-and-heart-disease
https://hivinfo.nih.gov/understanding-hiv/fact-sheets/hiv-and-heart-disease
https://www-uptodate-com.ucsf.idm.oclc.org/contents/epidemiology-of-cardiovascular-disease-and-risk-factors-in-patients-with-hiv?search=hiv%20heart%20disease&amp;source=search_result&amp;selectedTitle=5%7E150&amp;usage_type=default&amp;display_rank=5
https://www-uptodate-com.ucsf.idm.oclc.org/contents/epidemiology-of-cardiovascular-disease-and-risk-factors-in-patients-with-hiv?search=hiv%20heart%20disease&amp;source=search_result&amp;selectedTitle=5%7E150&amp;usage_type=default&amp;display_rank=5
https://www-uptodate-com.ucsf.idm.oclc.org/contents/epidemiology-of-cardiovascular-disease-and-risk-factors-in-patients-with-hiv?search=hiv%20heart%20disease&amp;source=search_result&amp;selectedTitle=5%7E150&amp;usage_type=default&amp;display_rank=5
https://www-uptodate-com.ucsf.idm.oclc.org/contents/epidemiology-of-cardiovascular-disease-and-risk-factors-in-patients-with-hiv?search=hiv%20heart%20disease&amp;source=search_result&amp;selectedTitle=5%7E150&amp;usage_type=default&amp;display_rank=5
https://www-uptodate-com.ucsf.idm.oclc.org/contents/epidemiology-of-cardiovascular-disease-and-risk-factors-in-patients-with-hiv?search=hiv%20heart%20disease&amp;source=search_result&amp;selectedTitle=5%7E150&amp;usage_type=default&amp;display_rank=5
https://www-uptodate-com.ucsf.idm.oclc.org/contents/epidemiology-of-cardiovascular-disease-and-risk-factors-in-patients-with-hiv?search=hiv%20heart%20disease&amp;source=search_result&amp;selectedTitle=5%7E150&amp;usage_type=default&amp;display_rank=5
https://www-uptodate-com.ucsf.idm.oclc.org/contents/epidemiology-of-cardiovascular-disease-and-risk-factors-in-patients-with-hiv?search=hiv%20heart%20disease&amp;source=search_result&amp;selectedTitle=5%7E150&amp;usage_type=default&amp;display_rank=5
https://www-uptodate-com.ucsf.idm.oclc.org/contents/epidemiology-of-cardiovascular-disease-and-risk-factors-in-patients-with-hiv?search=hiv%20heart%20disease&amp;source=search_result&amp;selectedTitle=5%7E150&amp;usage_type=default&amp;display_rank=5
https://www-uptodate-com.ucsf.idm.oclc.org/contents/epidemiology-of-cardiovascular-disease-and-risk-factors-in-patients-with-hiv?search=hiv%20heart%20disease&amp;source=search_result&amp;selectedTitle=5%7E150&amp;usage_type=default&amp;display_rank=5
https://www-uptodate-com.ucsf.idm.oclc.org/contents/epidemiology-of-cardiovascular-disease-and-risk-factors-in-patients-with-hiv?search=hiv%20heart%20disease&amp;source=search_result&amp;selectedTitle=5%7E150&amp;usage_type=default&amp;display_rank=5
https://www-uptodate-com.ucsf.idm.oclc.org/contents/cardiac-and-vascular-disease-in-patients-with-hiv?search=hiv%20heart%20disease&amp;source=search_result&amp;selectedTitle=1%7E150&amp;usage_type=default&amp;display_rank=1
https://www-uptodate-com.ucsf.idm.oclc.org/contents/cardiac-and-vascular-disease-in-patients-with-hiv?search=hiv%20heart%20disease&amp;source=search_result&amp;selectedTitle=1%7E150&amp;usage_type=default&amp;display_rank=1
https://www-uptodate-com.ucsf.idm.oclc.org/contents/cardiac-and-vascular-disease-in-patients-with-hiv?search=hiv%20heart%20disease&amp;source=search_result&amp;selectedTitle=1%7E150&amp;usage_type=default&amp;display_rank=1
https://www-uptodate-com.ucsf.idm.oclc.org/contents/cardiac-and-vascular-disease-in-patients-with-hiv?search=hiv%20heart%20disease&amp;source=search_result&amp;selectedTitle=1%7E150&amp;usage_type=default&amp;display_rank=1
https://www-uptodate-com.ucsf.idm.oclc.org/contents/cardiac-and-vascular-disease-in-patients-with-hiv?search=hiv%20heart%20disease&amp;source=search_result&amp;selectedTitle=1%7E150&amp;usage_type=default&amp;display_rank=1
https://www-uptodate-com.ucsf.idm.oclc.org/contents/cardiac-and-vascular-disease-in-patients-with-hiv?search=hiv%20heart%20disease&amp;source=search_result&amp;selectedTitle=1%7E150&amp;usage_type=default&amp;display_rank=1
https://www-uptodate-com.ucsf.idm.oclc.org/contents/cardiac-and-vascular-disease-in-patients-with-hiv?search=hiv%20heart%20disease&amp;source=search_result&amp;selectedTitle=1%7E150&amp;usage_type=default&amp;display_rank=1
https://www-uptodate-com.ucsf.idm.oclc.org/contents/cardiac-and-vascular-disease-in-patients-with-hiv?search=hiv%20heart%20disease&amp;source=search_result&amp;selectedTitle=1%7E150&amp;usage_type=default&amp;display_rank=1
https://www-uptodate-com.ucsf.idm.oclc.org/contents/cardiac-and-vascular-disease-in-patients-with-hiv?search=hiv%20heart%20disease&amp;source=search_result&amp;selectedTitle=1%7E150&amp;usage_type=default&amp;display_rank=1
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref25
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref25
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref26
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref26
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref26
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref26
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref27
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref27
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref27
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref28
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref28
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref28
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref29
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref29
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref29
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref30
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref30
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref30
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref31
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref31
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref32
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref32
http://refhub.elsevier.com/S2666-6936(23)00075-0/sref32

	Development of text messages for primary prevention of cardiovascular disease in persons with HIV
	Introduction
	Methods
	Results
	Discussion
	Acknowledgments
	Funding Sources
	Disclosures
	Authorship
	Patient Consent
	Ethics Statement
	References


