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Hypertension, the leading cause of cardiovascular morbidity and mortality, affects
more than 1 billion people globally. The rise in mobile health in particular the use of
mobile phones and short message service (SMS) to support disease management
provides an opportunity to improve hypertension awareness, treatment, and control,
in remote and vulnerable patient populations. The primary objective of this rand-
omized controlled study was to assess the effect of active (with hypertension specific
management SMS) or passive (health behaviors SMS alone) on the difference in blood
pressure (BP) reduction between the active and passive SMS groups in hypertensive
Canadian First Nations people from six rural and remote communities. Pragmatic
features of the study included shifting of BP measures to non-medical health work-
ers. Despite an overall reduction in BP over the study, there was no difference in the
BP change between groups from baseline to final for systolic 0.8 (95% Cl -4.2 to
5.8 mm Hg) or diastolic -1.0 (95% CI -3.7 to 1.8 mm Hg, P = 0.5) BP. Achieved BP
controlwas 37.5% (25.6%-49.4%, 95% Cl) in the active group and 32.8%(20.6%-44.8%,
95% ClI) in the passive group (difference in proportions -4.74% (-21.7% to 12.2%,
95% ClI, P =0.6). The study looked at changes in health services delivery, mobile
health technologies, and patient engagement to support better management of hy-
pertension in Canadian First Nations communities. The active hypertension specific
SMS did not lead to improvements in BP control.

Summary

The Canadian randomized trial of the DREAM-GLOBAL study did not demonstrate
that SMS specific for blood pressure (BP) control improved BP control compared to

health behaviors change messages alone.

Trial Registration: Clinicaltrials.gov NCT02111226; https://clinicaltrials.gov/ct2/show/NCT02111226
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1 | INTRODUCTION

Hypertension is the leading cause of morbidity and mortality affect-
ing more than 1 billion people worldwide, responsible for 10 million
deaths annuaIIy1 as well as cardiovascular disease, kidney disease,
and dementia.>* Despite improved awareness and treatment rates,
ethnic and geographic factors can contribute to lower control rates
of blood pressure (BP) associated with cardiovascular risk such as
stroke.® In Canada, improved management of hypertension nation-
ally resulted in the awareness treatment and control of hypertension
improving from 16% in 1990 to 66%,%7 associated with Improved
cardiovascular outcomes.® Regional variations in BP control rates
exist’ and are linked to disparities in the social determinants of
health, as well as disparities in health care availability, utilization, and
outcomes related to race and ethnicity.*°

Poorer health outcomes in Indigenous communities than in the
general Canadian population are linked to inequities in the social
determinants of health.!! In Canadian Indigenous populations, the
hypertension prevalence is similar to or lower than the rest of the
country, but average BP are higher, indicating a differential with the
rest of the country for measurement and treatment.'?¢ A frame-
work for discussion on how to improve the prevention, management,
and control of hypertension from 2011 to 2020 describes this situa-
tion and calls for Indigenous populations to have similar rates of BP
awareness treatment and control as the rest of the population.”’” The
Global Alliance for Chronic Diseases (GACD), funds, coordinates,
and facilitates global collaborations in implementation research, and
their first round of sponsored research focused on improving the
management of hypertension in lower- and middle-income countries
(LMICs) and vulnerable populations in high-income countries such as
Canada’s First Nations community.*®*?

The Diagnosing hypeRtension-Engaging Action and Management
in Getting LOwer BP in Aboriginal and LMICs (DREAM-GLOBAL)
study was designed to meet the goals of the GACD to improve BP
control in people with uncontrolled hypertension in Canadian First
Nations communities and in Tanzania, combining innovations in
health services delivery, mobile health technologies, and patient en-
gagement. The primary objective of the study was to compare the
effect on BP control of evidence-based short message service (SMS)

linked to accurately measured BP.

2 | METHODS

This manuscript describes the results of the Canadian branch of
the study. DREAM-GLOBAL was a multicenter double blind parallel
group study conducted in First Nations populations living on reserve
in six different communities in three provinces of Canada. The full

d.?° The details of how par-

protocol has been previously publishe
ticipating First Nations communities were identified and assessed for
research readiness have been previously described.?%?! Participants
were randomized into one of two parallel groups to receive either

active and passive, or only passive SMS. The passive SMS described

Novelty and Significance

What is New?

e Guidelines-based blood pressure (BP) lowering study
with mobile health technologies

o Guidelines-based SMS text messages to help with BP
lowering

e BP measurements by non-medical health workers trans-
mitted electronically to the health care provider and

patient.

What is Relevant?

e The program demonstrated a program for hypertension
management that was community-based and imple-
mentable in a low-resource setting

e Use of mobile technology and SMS to loop in members
of the care team and increase patient engagement

healthy lifestyle and behavior changes. Messages were tested for cul-
tural safety and understanding in the target population.?? The active
messages included information on the management of hypertension
as well as advice to follow-up with the participant’s health care pro-
vider if the measured BP was above target. Individual BP measure-
ments were taken by community health workers using an automated
BP device with Bluetooth transmission capability. This allowed for
transmission of accurate BP measurements from patients in isolated
and underserviced populations to their health care providers.

All SMS text messages were derived from the Hypertension
Canada Clinical Practice Guidelines and modified with commu-
nity input to make them culturally sensitive and specific through
a process that has been published.22 There were 12 active mes-
sages explaining the importance of BP control and the ratio-
nale for medical therapy. Twenty-six passive messages included
healthy lifestyle and behavior change advice for diet. Messages
were sent twice weekly at 11 am (to avoid holidays) on Mondays
and Thursdays.

Participants were adults aged 18 or over living on reserve with
uncontrolled hypertension, and on or off of medications. Eligible
participants were stable on their current dose of antihypertensive (if
treated) for at least 8 weeks and were able to complete informed con-
sent. Participants also had to either have a mobile phone capable of
receiving SMS text messages or be willing to carry and learn to use a
basic flip phone for the study duration. They also had to have a cur-
rent primary health care provider. Exclusion criteria included controlled
BP on medication, or BP > 180/110 mm Hg, or participation in other
trials. Community health workers, usually the Community Health
Resource (CHR) a non-medical health worker,”® or the Home and
Community Care nurse did the recruitment. Training to carry out the
study was done in each community by study team members (ST, NP)
at planned education sessions. These also included sessions on clinical
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practice guidelines for hypertension management, open to all health
care providers. Community education and recruitment efforts included
posters put up in administrative offices and where possible dissemi-
nation through local media including radio information sessions, and
newsletters.

To screen and exclude people with controlled BP already on anti-
hypertensive therapy, BP was measured by the CHR or the Home and
Community Care nurse with the BpTRU (BpTRU Medical Devices Ltd,
Coquitlam, BC, Canada) device. This device takes 6 readings 1 minute
apart, discards the first reading and averages the last 5. Appropriate
training on using this device was provided by the study team (NP).
Uncontrolled BP was defined as (2140/90 mm Hg or 2130/80 mm Hg
with diabetes) on or off of medications. If the BP was controlled at the
screening visit and the participant was not taking medications but was
at higher risk of developing hypertension due to older age, obesity, or
diabetes, or a family history of hypertension, they were also invited to
participate. This was also in accordance with the community leader-
ship’s request to be as inclusive as possible with recruitment. If their BP
was elevated during the first 2 months of measurements, they would
be enrolled in the study. If their BP was controlled during this time,
their BP results were collected as part of a pilot BP finding study, and
they would have their BP measured and receive the SMS text mes-
sages as well.

Participation in the DREAM-GLOBAL research program required
registration into the study database. This was done in each commu-
nity with the assistance of the CHR or Home and Community Care
nurse. Registration included linking the participant’s cell phone to
receive the study SMS text messages. The primary care health care
practitioner’s fax number and phone number were also required:
the fax number to allow the DREAM-GLOBAL central server to fax
information from BP measurements throughout the study and the
phone number to include in text messages (for participants ran-
domized to active messages) if a BP reading was above target. At
registration, randomization occurred automatically and participants
began to receive SMS twice weekly.

Blood pressure measurement throughout the study was per-
formed by the CHR or local Home and Community Care nurses. The
device used was the A&D UA-767PBT-C (A&D Medical, San Jose, CA)
monitor and Bluetooth paired with a smartphone to identify listed
study participants and to facilitate the wireless transfer of the BP to
the central server. The Home and Community Care nurse or CHR after
a 2-day training session, were able to recruit, consent, register partic-
ipants, and take three BP readings according to guidelines with the
automated oscillometric BP device for each participant.?’ The base-
line BP was defined as the mean of all readings from the A&D device
in the first 2 months after randomization. The BP measurement was
typically performed in the office of the CHR or Nurse in the Band's
health center.

To avoid regression to the mean which could arise from using the
screening BP for the baseline, the baseline BP was defined as the
mean of BP readings in the first 2 months and not the screening BP.
All participants with uncontrolled BP in the first 2 months of the study
were included in the analysis, including those participants who were
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not defined as hypertensive at the screening BP. The study took place
on six reserves in Canada: in Northern Ontario, Quebec and New
Brunswick.

Blood pressure management was provided by the patient’s
usual health care provider team which could be a local physician,
nurse practitioner, or sometimes both. BP results from each visit
were transmitted from the study server, to the participant’s local
health care practitioner by fax and included relevant clinical prac-
tice guidelines. For safety, the CHR was trained to be able to sug-
gest actions based on the BP according to a list of BP levels graded
by urgency.

Details on how the communities became part of the study, local
health care provider engagement and support, and the training as-
pects have been previously reported.?° Details on how the messages
were created have been previously published as has the discussion
on patient engagement and integrating into community health ser-
vices.?92224 A summary of the DREAM-GLOBAL intervention using
the mobile health (mHealth) evidence reporting and assessment
(mERA) checklist can be found in the Table $1%° in accordance with
the CONSORT-EHEALTH recommendations.?

The study team and researchers included expertise appropriate
to the intervention including clinical trials with Indigenous commu-
nities (ST), hypertension measurement and management (NC, ST),
program management and technical knowledge (CM), participatory
health research, Indigenous community health and research ethics,
consequences of colonization and the Indian Residential Schools
on Indigenous health (MM), and clinical trials design and statistics
(GW, JB).

The primary outcome was the difference in systolic and diastolic
BP from the baseline period to the last 2 months of measurement
between randomized groups. Secondary outcomes included the
proportion with controlled BP. To assess the balance between ex-
planatory and pragmatic components of this controlled study, the
PRECIS-2 tool was used.?® This tool assesses how explanatory or
pragmatic an intervention is and where it would be along the contin-
uum, for example, indicating whether the intervention can work only
under ideal or under usual conditions.

The sample size calculation has been previously published.?°
The goal was to recruit 176 participants per group to provide
97% power to find a mean systolic BP difference of 4.8 mm Hg.
Randomization was done in blocks of 2 and 4 by community. The
extra power was built in to allow for under-recruitment and a
smaller difference in BP s between the groups. All patients who
were hypertensive at the baseline readings in the first 2 months
were included in the efficacy and safety analyses. The data analysis
was performed with SAS software for windows version 9.3, SAS
Institute Inc, Cary, NC, USA. Continuous results were expressed
as means and standard deviations (SD). Patients were analyzed by
intention-to-treat using analysis of variance. Ethics approval was
obtained from the Sunnybrook Health Sciences Centre Research
Ethics Board (approval #: 953-2013) as well as the Cree Board
of Health and Social Services of James Bay, Ontario; Manitoulin
Anishnabek Research Review Committee; University of Calgary
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(REB13-0573); Queen’s University Health Sciences and Affiliated
Teaching Hospitals (DMED-1603-13. The study was carried out ac-
cording to the principles of Good Clinical Practice, the Declaration
of Helsinki and the Tri-Council Policy Statement on ethical conduct
for research involving humans.??3! The study adhered to the prin-
ciples of Ownership, Control, Access, and Possession (OCAP).%?
The technology and movement of data adhered to the principles
of the Personal Information Protection and Electronic Documents

Act (PIPEDA).

3 | RESULTS

Recruitment was initiated in the first community February of 2014
and in the last community June 2014. Recruitment continued until
December 2015, and participants were followed for 1 year or until
January 2017. A total of 301 participants were assessed for eligibility
at the six participating communities. Fifty-eight were excluded for
controlled BP, six on no therapy with no risk factors for hypertension

and the rest on hypertensive therapy. Two hundred and forty-three

[

Enrollment ]

Assessed for eligibility (n= 301)

Excluded
+ Not meeting inclusion criteria (n=58)

A 4

Randomized (n=243)

A4

1 [

Allocation

| l

Allocated to active intervention (n=125)
e Found at screening to have uncontrolled
HT (n=59)
o Included for uncontrolled HT in first
2 months (n=54)
o Excluded for controlled BP in first
2 months (n=5)
e« Found at screening to have controlled HT
(n=66)
o Included for uncontrolled BP in first
2 months (n=17)

Allocated to passive intervention (n=118)
e Found at screening to have uncontrolled
HT (n=57)
o Included for uncontrolled HT in
first 2 months (n=53)
o Excluded for controlled BP in first
2 months (n=4)
e Found at screening to have controlled HT
(n=61)
o Included for uncontrolled BP in
first 2 months (n=18)

[ Follow-Up ]

Received allocated intervention (n=71)
+ Lost to follow-up (n=7)

v

Received allocated intervention (n=71)
+ Lost to follow-up (n=13)

[ Analysis ]

Analyzed (n=64)
+ Excluded from analysis (n=0)

Analyzed (n=58)
+ Excluded from analysis (n=0)

FIGURE 1 CONSORT Flow Diagram—DREAM-GLOBAL Study (Canada)
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TABLE 1 Participant breakdown by randomization group

Active
messages Passive
N=71 messages N = 71
Female/male 34/37 36/35
Age, years 48.7 +12.8 491+13.1
Known hypertension 56% 58%
Family history of 63% 62%
hypertension
Diabetes 38% 34%
Family history of diabetes 70% 63%
Nonsmoker % 40% 18%
Current smoker % 44% 69%
Former smoker % 14% 12%
Height, cm 1679 +9.3 166.5 + 10.2
Weight, kg 88.8 +19.1 86.5+24.6
Waist, cm 108.9 + 15.9 109.5+15.1
Hip, cm 113.6 +13.1 111.2+13.2

No statistical significance between groups.

were registered to the program (see Figure 1 consort diagram). One
hundred and sixteen were hypertensive at the time of screening.
Within the first 2 months of follow-up, nine of these participants had
consistently controlled BP. Thirty-five of the participants who had
controlled BP at screening were found to be hypertensive during the
first 2 months leaving 142 participants (see Table 1 for breakdown
by randomization group). No participants withdrew from the study.
Over the course of the study, 20 participants were lost to follow-up
with no BP readings after the first 2 months. This left 122 partici-
pants, 64 in the active and 58 in the passive treatment groups. There
were two deaths and two hospitalizations in the study participants
and no reports of hypotension. In the treatment arm, one patient
died from a pre-existing cancer and one from a car accident (as a
passenger). There were two hospitalizations: a stroke and an Ml in
patients in the control and treatment arm, respectively. Both made

complete recoveries and remained in the study.

TABLE 2 Blood pressure change
through study by randomization to active
or passive short message service text
messages

pressure mm Hg

Change in diastolic blood

pressure mm Hg

Baseline systolic blood

pressure mm Hg

Follow-up systolic blood

pressure mm Hg

Baseline diastolic blood

pressure mm Hg

Follow-up diastolic blood

pressure mm Hg

Change in systolic blood

WILEY--2

Overall, the BP lowering for both groups over the study was sim-
ilar (see Table 2). The mean systolic BP difference between groups
from baseline to final was 0.8 (95% Cl -4.2 to 5.8 mm Hg) and dia-
stolic =1.0 (95% Cl -3.7 to 1.8 mm Hg, P = 0.5). Achieved BP control
was 37.5% (25.6%-49.4%, 95% Cl) in the active group and 32.8%
(20.6%-44.8%, 95% Cl) in the passive group (difference in propor-
tions -4.74% (-21.7% to 12.2%, 95% ClI, P = 0.6).

Results for the PRECIS-2 analysis of balance between explana-
tory and pragmatic components can be found in Table 3. The study
falls midway between explanatory and pragmatic in the continuum
for most domains with methodologic domains more explanatory
and the primary outcome of interest to participants scoring more
pragmatic. None of the variables were very explanatory, or very
pragmatic. The results can be visualized on the PRECIS-2 wheel in

Figure 2.

4 | DISCUSSION

The results of the Canadian arm of the DREAM-GLOBAL study
demonstrated that guidelines-based BP lowering with mobile health
technologies, with changes in health service delivery, could be eval-
uated in a randomized controlled study in First Nations communi-
ties. While recruitment was below that targeted, participants were
recruited, consented, and registered into the study’s technology by
community members, under direction from community leadership.

Blood pressure results overall showed a fall throughout the
study in both groups but there was no difference between the
groups. The main study hypothesis that active text messages would
lead to more BP lowering than the passive messages alone was not
proven.

Efforts were made to reduce the impact of regression to the
mean. This phenomenon can happen when large or small measure-
ments are followed by measurements closer to the mean and make
natural variation in repeated measures look like real change.33 To
reduce this effect, the baseline BP was not the screening BP read-

ing. The baseline BP was the mean of readings taken over the first

Active Passive

messagesN = 64 messagesN = 58 P-value

-5.3 (+14) -5.9 (+ 14) 0.9

-2.9 (+8) -1.9 (£9) 0.5

143 (+12) 145 (+16) 0.4

137 (+14) 138 (+13) 0.6
84 (+12) 86 (+10) 0.2
81 (+10) 84 (+10) 0.06
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TABLE 3 PRECIS-2—Scoring for DREAM-GLOBAL Study

Domain Criteria Score Rationale
1. Eligibility Criteria ~ To what extent are the participants in the trial similar 3 Participants are the same as part of usual care, and
to those who would receive this intervention if it was there are exclusion criteria listed
part of usual care?
2. Recruitment How different are the settings of the trial from the 2 Community screening efforts for hypertension were
usual care setting? held to recruit. CHRs also referred individuals to the
program
3. Setting How different are the settings of the trial from the 2 Task shifting with BP measurement in community not
usual care setting? HCP's office, some satellite sites for follow-up visits
4. Organization How different are the resources, provider expertise, 2 Due to nature of task shifting, the care is organized
and the organization of care delivery in the interven- and delivered differently than usual care (usual care
tion arm of the trial from those avail- able in usual and resource has been shifted), extra training for
care? those taking BPs
5. Flexibility How different is the flexibility in how the intervention 3 Flexibility in delivery of care is similar as usual care,
(delivery) is delivered and the flexibility anticipated in usual particularly with follow-up visits and delivery
care?
6. Flexibility How different is the flexibility in how participants are 3 Flexibility in adherence is elevated from usual care
(adherence) monitored and encouraged to adhere to the with task shifting and calls from CHR's for BP
intervention from the flexibility anticipated in usual monitoring visits
care?
7. Follow-up How different is the intensity of measurement and 2 Follow-up every 3 mo is likely more frequent than
follow-up of participants in the trial from the typical usual care
follow-up in usual care?
8. Primary To what extent is the trial's primary outcome directly 4 Primary outcome of achieving BP control is important
Outcome relevant to participants? to participants; knowledge gained from patient
perspective is also relevant
9. Primary Analysis To what extent are all data included in the analysis of 2 BPs in primary analysis were included (no patients

the primary outcome?

1, More explanatory; 5, More pragmatic.

2 months. The BP fall across all participants from this baseline period
to study end is therefore more clinically significant.

The DREAM-GLOBAL study tested whether a BP lowering
program using mobile technologies and reassigning the respon-
sibility of BP measurement to non-medical health workers could
be implemented successfully in real world conditions. Real world
challenges included communities across a vast geography, reliance
on trained community personnel to manage recruitment, measure-
ment, and follow-up. The study was able to maintain good internal
and external validity and by adapting to real world conditions with
pragmatic components increased the potential for sustainability
and scalability of the intervention.®* Although SMS text messaging
is more widespread in research since the DREAM-GLOBAL proto-
col was initiated in 2012%, the DREAM-GLOBAL study is unique
in comparing disease-specific active messages compared to pas-
sive health behaviors text messages alone. It was hoped that the
active messages would help to supplement participant knowledge
and understanding provided by the local health care providers,
and subsequently improve BP lowering through better adherence
and greater engagement with health care providers. Both types

of text messages had an equal impact and may have been in part

loss to follow-up). First 2 and last 2 BPs used.
Intermediate measures were not used for baseline or
final BP. Some data not used to exclude patients
with controlled BP on therapy

responsible for the BP fall in the study, but their impact cannot be
separated from the context of the entire study setup.

Study limitations included a lower recruitment than planned.
Recruitment was conducted by non-study personnel on reserves
and reflected the interest, abilities, and time available by the CHR
and local Home and Community Care nurse as well as other com-
peting priorities on each reserve that would arise over the course
of the study. In one respect, the recruitment and registration pro-
cess demonstrated the initial community commitment to the study
but over time, in all but two of the communities, recruitment lagged
targets, and was only boosted when study personnel were on site
during periodic visits. The intervention was delivered as it would
have been in normal practice by staff with typical experience and
the use of routinely available equipment.?’

In conclusion, the Canadian randomized trial of the DREAM-
GLOBAL study demonstrated that a BP lowering program combining
innovations in health services delivery, mobile health technologies,
and patient engagement could be implemented in real world condi-
tions, in First Nations communities. There was, however, no differ-
ence in BP lowering with the active compared to the passive text

messages.
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Primary
outcomes
How relevant is it
to participate?

Follow-up
How closely are
participants
followed-up?

FIGURE 2 PRECIS-2 Wheel [Colour
figure can be viewed at wileyonlinelibrary.
com]

Primary analysis
To what extent are all
data included?

Flexibility/Adherence
What measures are in place to
make sure participants adhere to

Eligibility
Who is selected to
participate in the trial?

Recruitment
How are particpants
recruited into the
trial?

Setting
Where is the trial
being done?

Organization
What expertise
and resources are
needed to deliver
the intervention

Flexibility/Delivery
How should the
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