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ABSTRACT
Introduction  Cardiovascular disease (CVD) is a leading 
cause of death in women. Novel approaches to detect 
early signs of elevated CVD risk in women are needed. 
Enhancement of traditional CVD risk assessment 
approaches through the addition of procedures to assess 
physical function or frailty as well as novel biomarkers of 
cardiovascular, gut and muscle health could improve early 
identification. The Women’s Advanced Risk-assessment in 
Manitoba (WARM) Hearts study will examine the use of novel 
non-invasive assessments and biomarkers to identify women 
who are at elevated risk for adverse cardiovascular events.
Methods and analysis  One thousand women 55 years of 
age or older will be recruited and screened by the WARM 
Hearts observational, cohort study. The two screening 
appointments will include assessments of medical history, 
gender variables, body composition, cognition, frailty status, 
functional fitness, physical activity levels, nutritional status, 
quality of life questionnaires, sleep behaviour, resting blood 
pressure (BP), BP response to moderate-intensity exercise, 
a non-invasive measure of arterial stiffness and heart rate 
variability. Blood sample analysis will be used to assess lipid 
and novel biomarker profiles and stool samples will support 
the characterisation of gut microbiota. The incidence of the 
adverse cardiovascular outcomes will be assessed 5 years 
after screening to compare WARM Hearts approaches to 
the Framingham Risk Score, the current clinical standard of 
assessing CVD risk in Canada.
Ethics and dissemination  The University of Manitoba 
Health Research Ethics Board (7 October 2019) and the 
St Boniface Hospital Research Review Committee (7 
October 2019) approved the trial (Ethics Number HS22576 
(H2019:063)). Recruitment started 10 October 2020. Data 
gathered from the WARM Hearts study will be published 
in peer-reviewed journals and presented at national and 
international conferences. Knowledge translation strategies 
will be created to share our findings with stakeholders who 
are positioned to implement evidence-informed CVD risk 
assessment programming.
Trial registration number  NCT03938155.

INTRODUCTION
Cardiovascular disease (CVD) is the leading 
cause of death for Canadian women.1 In the 
province of Manitoba, women develop heart 

disease approximately 10–15 years later than 
men, with prevalence rates similar between 
sexes after 55 years of age.2 Even so, 78% 
of women who report to a hospital with 
symptoms go undetected for early signs of 
a myocardial infarction (MI).3 Additionally, 
Canadian women who have previously had an 
acute MI are more likely to die within a 1-year 
period as compared with men.4 5

Current efforts in Canada for identifying 
elevated risk for CVD (ie, 10-year estimate of 
risk for a future MI or stroke) focus on tradi-
tional risk factors such as age, sex, smoking, 
cholesterol and blood pressure (BP)6 using 
the Framingham Risk Score (FRS).7 However, 
the development of new methodologies are 

Strengths and limitations of this study

►► The Women’s Advanced Risk-assessment in 
Manitoba (WARM) Hearts study will identify adverse 
cardiovascular outcomes 5 years after screening us-
ing the personal health information number of each 
participant and the administrative records housed 
by the Manitoba Centre for Health Policy Population 
Health Research Data Repository.

►► The WARM Hearts study will extensively charac-
terise 1000 middle-aged and older women using 
traditional cardiovascular disease risk scores, as 
well as additional non-invasive techniques to as-
sess physical function, frailty status, physical activ-
ity, sedentary and sleep behaviour patterns, blood 
pressure and arterial stiffness at rest and following 
moderate-intensity exercise, as well as biomarkers 
of cardiovascular, gut and muscle health.

►► The WARM Hearts study will assess gender roles, 
relations and identity, which aligns with recommen-
dations made by the Heart and Stroke Foundation of 
Canada to improve heart health research.

►► The WARM Hearts study will use convenience sam-
pling which has the inherent recruitment bias, in that 
participants who already may be active health con-
sumers are more likely to participate.
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warranted as the FRS poorly discriminated between those 
who had onset CVD and those who did not over an 8-year 
follow-up.6 8 In fact, the absolute risk was markedly under-
estimated in women (51%) versus men (8%).6 8 There is 
inadequate evidence supporting sex and gender specific 
guidelines for cardiovascular care that results in women 
being under-represented, underdiagnosed and under-
treated in the Canadian healthcare system.5

Implementing prognostic tools that examine parame-
ters of physical function or frailty, novel cardiovascular 
function assessments, as well as novel biomarker analyses 
of cardiovascular, gut and muscle health may enhance 
CVD risk profiling. For example, a recent pooled analysis 
in a cohort of 154 000 with a mean age of 71 years iden-
tified that frail older adults were at higher risk for CVD 
morbidity (Relative Risk (RR) 1.91, 95% CI 1.85 to 2.08) 
and CVD mortality (HR 1.91, 95% CI 1.77 to 2.05) over a 
median 3.2-year follow-up as compared with robust older 
adults.9 Novel blood-based biomarkers of CVD risk may 
also provide additional value to risk prediction by identi-
fying pathophysiological processes earlier.10 For example, 
our previous work identified myokines that may act as 
biomarkers of frailty-related CVD progression.11 However, 
more evidence is needed to establish that parameters 
such as these have prognostic value in CVD risk profiling.

There is increasing evidence to suggest that several 
female-specific reproductive factors such as menstrual 
cycle, contraceptive use, fertility, pregnancy and meno-
pause may be associated with the risk of CVD later in 
life.12 Several studies have reported that early menarche13 
and early menopause14 are associated with elevated risk 
of CVD. A history of miscarriages and pregnancy compli-
cations has also been associated with elevated risk of 
CVD.15 16 Exogenous oestrogen use, both contraceptives 
and postmenopausal hormone therapy, have been asso-
ciated with elevated risk for CVD as well.15 Research is 
needed to establish if these relationships can provide 
useful prognostic value in CVD risk profiling.

The Women’s Advanced Risk-assessment in Manitoba 
(WARM) Hearts study is a CVD screening programme 
adapted from the Assessment of Large and Small Artery 
Elasticity for the Early Detection of Cardiovascular 
Disease trial (NCT02863211).16 A broader number of 
non-invasive procedures are included to assess physical 
function, frailty status, physical activity, sedentary or 
sleep behaviour patterns and novel blood and stool-based 
biomarkers. Gender roles relations, and identity, as well as 
sex-specific risk factors will also be assessed to facilitate the 
future development of sex and gender-specific CVD risk 
profiles. Although the procedures in WARM Hearts were 
selected based on supporting evidence, it is not known 
if the approaches are feasible and have sufficient predic-
tive value to implement within Canada. Therefore, the 
objective of this prospective, observational cohort is to: 
(1) determine if individual markers of CVD risk collected 
in the WARM Hearts cardiovascular screening protocol 
identify women 55 years of age and older who are at an 
elevated risk for experiencing adverse cardiovascular 

outcomes within a 5-year period after screening; (2) to 
create a novel CVD risk score for women incorporating 
the best markers of CVD risk collected in the WARM 
Hearts study; (3) compare the predictive ability of the 
WARM Hearts protocol and the FRS for predicting future 
adverse cardiovascular outcomes in women. We hypothe-
sise that the WARM Hearts protocol will provide improved 
accuracy in identifying middle-aged and older women at 
an elevated risk for adverse cardiovascular outcomes in 
the 5-year period post-screening, as compared with the 
FRS.

Potential impact of the study
The WARM Hearts study may provide a novel CVD risk 
prognostic tool specifically for women. This prognostic 
tool could be considered for implementation in primary 
care settings if it demonstrates superior ability to screen 
women at elevated risk for future CVD compared with 
traditional methods.

METHODS AND ANALYSIS
Study design
The WARM Hearts protocol was developed based on the 
Standard Protocol Items: Recommendations for Inter-
vention Trials guidelines.17 WARM Hearts publications 
will follow the Strengthening the Reporting of Observa-
tional Studies in Epidemiology18 and the Sex and Gender 
Equity in Research19 reporting guidelines. This research 
is using a prospective, observational design to determine 
if the use of novel CVD prognostic tools identifies women 
that are at high risk for experiencing an adverse cardiovas-
cular event in the 5-year period after screening (figure 1). 
A description of the trial was registered on ​ClinicalTrials.​
gov.

Patient and public involvement—patient engagement
A formal participant engagement process was not used in 
the design of the trial. Patient partners will be sought to 
collaborate with the research team and stakeholders to 
summarise and disseminate the research findings to the 
community.

Study setting
The WARM Hearts study will be conducted in Winnipeg, 
Manitoba, Canada. Data collection appointments will be 
conducted at two sites: the University of Manitoba Active 
Living Centre and the St Boniface General Hospital Asper 
Clinical Research Institute.

Recruitment
One thousand women aged 55 years or older will be 
recruited through newspaper articles, an online webpage, 
media interviews, poster advertisement or presentations 
at community events to generate a convenience sample. 
Women who are interested to learn more about the 
research will be instructed to contact the WARM Hearts 
team by email or telephone. The research team will then 
provide an overview of the study and assess potential 
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participants for eligibility. Table 1 identifies the inclusion 
and exclusion criteria of the study.

WARM HEARTS PROTOCOL
Study procedures
Eligible participants will be invited to attend two research 
appointments. The first appointment will be scheduled for 
90 min at the University of Manitoba and used to secure 
written informed consent (see online supplemental files 
1 and 2) and day 1 data collection. At the end of this first 
appointment, each participant will be provided an accel-
erometer, a stool sample collection kit and a take-home 
assessment package. The participants will be asked to 
complete these protocols on their own schedule at home. 
A second research appointment will then be scheduled 

to occur 8–14 days after the first appointment at the St 
Boniface Hospital Asper Clinical Research Institute. This 
approach enables the participants to return the acceler-
ometer, stool sample and take-home assessment to the 
research team and to complete the day 2 data collec-
tion protocol, which requires approximately 45 min to 
complete. Table 2 summarises the data collected at each 
visit and in the take-home assessment.

Demographic, medical history and gender
Demographic and medical history data will be collected 
via questionnaire. Participants are asked about assigned 
sex at birth and their gender identity in line with recom-
mendations by the Williams Institute20 and supported by 
the Canadian Institute for Health Research Institute of 
Gender and Health.21 Participants will also complete the 
validated gender-related score questionnaire22 previously 
used by the GENESIS-PRAXY investigators to examine 
gender as a continuous variable.23 Pelletier et al have 
previously used this tool to identify the association of 
gender with risk factors in patients with premature acute 
coronary syndrome.22 23 Gender differences in CVD risk 
has been historically under examined.24

Anthropometry and body composition
Body composition impacts CVD risk factors25 26 and cardio-
vascular mortality.27 Participant height will be measured 
on a portable Seca stadiometer to the nearest 0.5 cm. 
Waist circumference will be measured in accordance with 
the Canadian Society for Exercise Physiology (CSEP) 
guidelines at the height of the superior iliac crest.28 29 
Body composition will be assessed through bioelectrical 
impedance analysis using the InBody 270.30 31

Figure 1  WARM Hearts flow chart. CVD, cardiovascular 
disease; WARM, Women’s Advanced Risk-assessment in 
Manitoba.

Table 1  Inclusion and exclusion criteria

Inclusion criteria
(both need to be fulfilled for 
eligibility)

Exclusion criteria
(any of the following result in 
ineligibility)

(1) Women aged 55 and older Previous hospitalisation or treatment 
for:

(2) Possess a Manitoba 
personal health information 
number

(1) Ischaemic heart disease

(2) Acute myocardial infarction

 �  (3) Stroke/transient ischaemic attack

 �  (4) Percutaneous coronary 
intervention

 �  (5) Coronary artery bypass surgery

 �  (6) Congestive heart failure

 �  (7) Peripheral artery disease
(8) Congenital heart defects
(9) Arrhythmia
Additional exclusion:

 �  (10) Medical advice against physical 
activity
(11) Previous participant in the 
Assessment of Large and Small 
Artery Elasticity for the Early 
Detection of Cardiovascular Disease 
(NCT02863211)

https://dx.doi.org/10.1136/bmjopen-2020-044227
https://dx.doi.org/10.1136/bmjopen-2020-044227
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Frailty status
Frailty will be assessed using two approaches. The Modi-
fied Fried Criteria (MFC)32 approach will use measures 
previously described by Fried et al,33 along with measures 
of depression and cognitive impairment. Briefly, this 
phenotypic MFC approach classifies participants as frail if 
three or more of the following criteria are met: (1) unin-
tentional weight loss, (2) self-reported exhaustion, (3) 
weakness, (4) slow walking speed, (5) low physical activity, 
(6) depression and (7) cognitive impairment. Exhaus-
tion is assessed by the Center for Epidemiologic Studies 
– Depression Scale.34 Self-reported physical activity levels 
are assessed by the Paffenbarger Physical Activity Scale35 
and unintentional weight loss is measured via a question-
naire. Gait speed is assessed by the 5-metre walk test.36 
Weakness is assessed by grip strength dynamometer.36 
Cognitive impairment is assessed using the Montreal 
Cognitive Assessment.37

The second assessment of frailty will involve the 
creation of a frailty index (FI) using variables collected 
in WARM Hearts. This assessment methodology is based 
on frailty as an accumulation of deficits.38 The FI will be 
created according to guidelines described by Searle et 
al.39 Briefly, the guidelines include: (1) deficits must have 
an association with health status; (2) deficit prevalence 
should increase with chronological age; (3) health defi-
cits should not saturate too early; (4) deficits should cover 
a broad range of physiological systems; (5) frailty indices 
should be kept the same if planned to be used on the 
same cohort at multiple time points.

Functional fitness assessments
The Senior Fitness Test will be used to assess functional 
ability.40 This test measures upper and lower body strength 
through arm curls and the 30 s chair stand, respectively. 
The 8-foot up-and-go measures agility and dynamic 
balance. Upper body flexibility is measured by the back-
scratch test, while lower body flexibility is measured by 
the chair sit and reach. Each test has an associated risk 
zone threshold based on age and sex. Participants scoring 
below this threshold are considered at risk of loss for the 
associated functional ability.

Table 2  Women’s Advanced Risk-assessment in Manitoba 
Hearts data collection design

Variable Instrument/questionnaire

Day 1 (University of Manitoba Active Living Centre)

Consent process Protocol and biological sample consent 
forms

Demographic information Questionnaire (age, sex, gender)92 93

Medical history Questionnaire (medical history and 
cardiovascular-related testing)

Cognition Montreal Cognitive Assessment 37

Body composition Bioelectrical impedance analysis (InBody 
270)30 31

Waist circumference
Body mass index

Grip strength Hand dynamometer

5-metre walk test Gait speed test

Fried frailty phenotype 
variables

Questions about self-reported 
exhaustion, unintentional weight loss. 
Physical activity levels assessed by the 
Paffenbarger Physical Activity Scale33

Physical function Senior Fitness Test40

Aerobic fitness 6-min walk test41 with heart rate 
variability assessed with heart 
rate monitor and physical activity 
characteristics assessed with 
accelerometer

Personal health 
information number

Collected via questionnaire

Take-home assessments*

Demographic information Questionnaire

Cardiovascular risk 
factors

Questionnaire (smoking status, 
medications, history of cardiovascular 
disease)

Reproductive health Questionnaire (menstrual history, 
contraception use, pregnancy history, 
menopause status, vasomotor 
symptoms, hormone therapy use)

Physical activity 
characteristics

Accelerometer worn for approximately 
1 week

Physical activity levels International Physical Activity 
Questionnaire67

Gut microbiome EasySampler stool sample kit

Quality of life EUROQOL Five Dimension Five Level94 
and EQ-VAS

Self-esteem Self-Esteem Scale95

Gender information GENESIS-PRAXY Gender 
Questionnaire96

Sleep quality Pittsburgh Sleep Quality Index97

Risk for impaired 
nutritional states

SCREEN II77

Self-compassion Self-compassion Scale98

Health anxiety Health anxiety subscale of the 
Multidimensional Health Questionnaire99

Day 2 (Asper Clinical Research Institute)

Collect accelerometer 
and stool samples

 �

Fasting blood sample Phlebotomy

Continued

Variable Instrument/questionnaire

Depression symptoms Patient Health Questionnaire-9100

Arterial stiffness Mobil-O-Graph NG56

Resting blood pressure Mobil-O-Graph NG56

Blood pressure response 
to moderate exercise

Mobil-O-Graph NG56

*Completed on paper or via Research Electronic Data Capture System 
(REDCap) online survey.
EQ-VAS, EUROQOL Visual-Analogue Scale ; SCREEN II, Seniors in 
the Community: Risk Evaluation for Eating and Nutrition V.II .

Table 2  Continued
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6-min walk test
Participants are instructed to walk as far as possible on 
a 172.5 metre track over a 6 min period.41 The distance 
covered during the 6-min walk test (6-MWT) test is 
recorded. Walk-based testing is an assessment of functional 
exercise capacity,42 which has been shown to influence 
risk of cardiovascular mortality in adult populations.43

Heart rate variability
Heart rate variability (HRV) will be recorded using a 
Polar Electro H7 heart rate monitor (Polar Electro Oy, 
Kempele, Finland) connected by bluetooth to an accel-
erometer. HRV measurements will be taken first with 
the participant in a seated position for 10 min. Immedi-
ately following this static measurement, HRV will also be 
recorded during the 6-MWT. Kubios software44 will be 
used to clean the data, assess data quality and variables 
such as mean RR interval, SD of normal–normal intervals 
and root mean square of successive intervals.

Blood sampling
A blood sample will be collected to examine traditional 
CVD risk biomarkers for use in the FRS as well as novel 
biomarkers of cardiovascular and muscle health. Fifteen 
(15) mL of blood will be drawn by a phlebotomist and 
separated into four tubes: a serum silica tube (1×4 mL), 
a lithium heparin tube (1×4 mL) and two EDTA tubes 
(2×3 mL). Two aliquots of whole blood from the serum 
silica tube will be snap frozen and stored at −80°C. After 
allowing the whole blood to coagulate and centrifuging at 
2000×g for 10 min, two aliquots of serum will be collected, 
snap frozen and stored at −80°C. Blood samples in the 
EDTA and lithium heparin tubes will be centrifuged at 
2000×g for 10 min and then the plasma will be snap frozen 
and eight aliquots will be stored at −80°C. The planned 
blood analyses include: (1) total cholesterol, low-density 
lipoprotein cholesterol, high-density lipoprotein (HDL) 
cholesterol, triglycerides and fasting blood glucose using 
one of the lithium heparin plasma samples. The addi-
tional blood samples of serum, plasma and whole blood 
will be stored at −80°C and saved for future analysis of 
novel biomarkers of CVD risk, such as myokines.11

Stool sample collection
Emerging evidence suggests a link between the gut micro-
biome and CVD progression.45–47 To characterise partic-
ipant gut microbiome, stool samples will be collected 
using an EasySampler kit (American Laboratory Prod-
ucts Company, New Hampshire, USA). Participants 
will be provided the collection kit following the day 1 
research appointment and instructed to collect a small 
sample in the provided container during the following 
8–14 days. Participants will transport their stool sample 
with an ice pack and return it to the research team at the 
second appointment. The sample container will then be 
stored at −80°C prior to being aliquoted and processed. 
Stool sample aliquots will be extracted from the sample 
container using a disposable biopsy punch (Miltex, 

Integra LifeSciences, New Jersey, USA). One aliquot 
will be processed and stored in a ZR BashingBead Lysis 
Tube (Zymo Research, California, USA), and sent to the 
National Microbiology Laboratory (Winnipeg, Manitoba) 
to characterise gut microbiota via 16S recombinant DNA 
sequencing. Three additional stool aliquots will be stored 
in a biobank at −80°C.

Resting BP
In accordance with Canadian Cardiovascular Society 
guidelines,48 the BP measurement will be made at the 
left upper arm while the participant is seated using a 
validated oscillometric device (Mobil-O-Graph).49 The 
Mobil-O-Graph ambulatory BP monitor is validated for 
the non-invasive assessment of systolic, diastolic and 
central BP.50 Central BP, an indirectly assessed measure 
of BP at the ascending aorta, is thought to potentially be 
a more important measure of BP as it better reflects the 
pressure exerted on target organs.1 51–53

For adults, a resting BP of 120/80 mm Hg or less is 
considered normal, 120–139/80–89 mm Hg is consid-
ered prehypertensive, and greater than 140/90 mm Hg 
is classified as hypertension.49 A resting BP of 160 mm 
Hg systolic, 90 mm Hg diastolic and a heart rate of 100 
beats per minute are being used as screening cut-offs 
for proceeding with the data collection appointments 
as recommended by the CSEP guidelines.29 Participants 
whose values exceed any of these cut-offs are given 5 min 
to rest before the measurement is retaken. Scoring above 
the cut-off on two consecutive measurements terminates 
the appointment and participants are then recommended 
to visit their primary healthcare provider for an assess-
ment. After visiting their primary healthcare provider, 
participants could then make an informed choice to 
reschedule their data collection appointment or to with-
draw from the research.

Non-invasive measure of arterial stiffness
In addition to BP measurements, the Mobil-O-Graph 
assesses arterial stiffness. Using brachial oscillometry 
the Mobil-O-Graph calculates aortic pulse wave velocity 
(PWV) and additional central haemodynamic indices like 
augmentation index. PWV and the measures of central 
haemodynamics are estimated through analysis of the 
brachial cuff waveform and have acceptable accuracy as 
compared with intra-aortic readings54 and cardiac MRI.55 
The Mobil-O-Graph has been validated in healthy indi-
viduals as well as patients with essential hypertension.56 57 
Arterial stiffness is associated with CVD risk and is predic-
tive of CVD mortality in a variety of populations.58–62

BP response to 3-min of exercise
An exaggerated BP response to exercise may be an 
indicator for new-onset hypertension,63–65 CVD-related 
morbidity and mortality.63 Following the measurement 
of resting BP, the participant will complete 3 min of 
moderate-intensity exercise (ie, a five metabolic equiva-
lent workload) on a treadmill. Immediately following the 
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exercise protocol (within 30 s), the participants will move 
to a seated position and have their BP measured again 
using the Mobil-O-Graph device. A normal BP response 
to moderate exercise is defined as a rise in systolic BP 
of under 30 mm Hg and an absolute systolic BP of less 
than 169 mm Hg. A borderline response is defined as 
a rise of 30–39 mm Hg and an absolute systolic BP of 
170–179; whereas, an abnormal response is defined as a 
rise of 40 mm Hg or more in systolic BP and an absolute 
systolic BP of 180 mm Hg or higher.66 All participants with 
an abnormal BP response to 3 min of moderate exercise 
will be advised to speak with their primary healthcare 
provider.

Questionnaires
Participants will complete a series of questionnaires:
1.	 The International Physical Activity Questionnaire short 

version67 will be used to collect self-reported amount 
and intensity of physical activity completed in the last 
7 days. Low levels of physical activity are linked to ele-
vated CVD risk,68 CVD morbidity and CVD mortality.69

2.	 The EUROQOL Five Dimension Five Level will be 
used to evaluate the dimensions of mobility, self-care, 
usual activities, pain/discomfort and anxiety/depres-
sion. This validated questionnaire is routinely used for 
this purpose in healthy70 and a variety of disease popu-
lations.71–73 The EUROQOL Visual Analogue Scale will 
also be used, as it provides complementary informa-
tion of the perceived health of the patient.74

3.	 Sleep quality and disturbances over a 1-month time in-
terval are assessed using the Pittsburgh Sleep Quality 
Index.75 Previous research has suggested that abnor-
mal sleep is associated with elevated risk for CVD.76

4.	 The Seniors in the Community: Risk Evaluation for 
Eating and Nutrition V.II will be used for the iden-
tification of risk for impaired nutritional status in 
community-living older adults.77 Diet can contribute 
to hypertension, diabetes, obesity and CVD.78

5.	 The Patient Health Questionnaire-9 (PHQ-9) will be 
used to screen for depressive symptoms.79 Depression is 
an independent risk factor for CVD.80 PHQ-9 scores of 
5, 10, 15 and 20 represent mild, moderate, moderately 
severe and severe depression, respectively. Participants 
with moderate to severe scores or whose response in-
dicates thoughts of self-harm will be immediately di-
rected to a healthcare provider. If the participant does 
not have access to a healthcare provider, they will be 
escorted to emergency care at the St Boniface General 
Hospital.

6.	 A questionnaire on menstrual history, contraception 
use, pregnancy history, menopause status, hormone 
therapy use will be used to characterise participant 
reproductive health. A more detailed version of the 
reproductive history questionnaire was added after 
September 2020, which included additional informa-
tion on menstrual history, contraception use, pregnan-
cy history, menopause status, vasomotor symptoms and 
hormone therapy use. Participants who were enrolled 

in the WARM Hearts study prior to September 2020 
were given the opportunity to participate and consent 
into the WARM Hearts reproductive substudy to com-
plete the more detailed version of the reproductive 
questionnaire. Out of the 240 participants who com-
pleted the WARM Hearts protocol prior to September 
2020, a total of 225 participants consented to be con-
tacted about future substudies. Of those who were eli-
gible to be contacted, 203 participants have completed 
the survey as of 18 January 2020.

Actigraphy
ActiGraph wGT3X+ accelerometers worn on the non-
dominant wrist over a 7-day period will be used to measure 
physical activity, sedentary and sleep behaviour.81 82 The 
accelerometer has a dynamic range of ±8G and will be 
sampled at rate of 100 Hz. Accelerometer data will be 
downloaded using the ActiLife software proprietary 
to ActiGraph. Data will then be exported into non-
proprietary CSV formats, such as in raw accelerations (g), 
counts per minute or vector magnitude epochs (range 
selected can be 1 s–60 s). This flexible approach was 
chosen as there is no consensus on the gold standard for 
analysing sedentary behaviour, physical activity levels or 
sleep time. Analysis in the future will be done using both 
existing and emerging methodological approaches for 
these assessments. Parameters collected by the ActiGraph 
wGT3X+ accelerometer will include raw acceleration, 
activity counts, steps taken, energy expenditures, body 
position and sleep/wake measurements.83 Low physical 
activity,68 sedentary84 and poor sleep behaviour85–87 are 
associated with CVD risk in adults.

Framingham Risk Score
A multivariate risk factor algorithm described by D’Agos-
tino et al88 is used to calculate the FRS for each partici-
pant. This tool is recommended for use in the Canadian 
clinical setting by the Canadian Cardiovascular Society.48 
Age, sex, family CVD history and smoking status are 
collected by questionnaire; whereas, fasting glucose, HDL 
and total cholesterol measured from blood samples. BP is 
measured as already described using the Mobil-O-Graph.

Adverse cardiovascular outcomes: 5-year follow-up
Five years after screening, the incidence of adverse cardio-
vascular outcomes will be assessed in the cohort using 
Personal Health Information Numbers and the health 
administrative records housed by the Manitoba Centre 
for Health Policy (MCHP) Population Health Research 
Data Repository. De-identified data from the administra-
tive records of Manitobans are stored in the repository 
with a corresponding scrambled identifier which allows 
the record to be linked in each of the data sets. Databases 
that will be accessed are outlined in table  3. Resources 
including hospital separation abstracts, medical claims 
and the Drug Program Information Network will provide 
information on medication usage, hospitalisations, diag-
noses and procedures related to CVD. Vital statistics 
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will provide information on cause of death to allow for 
mortality rate tracking. The Manitoba Health Insurance 
Registry will be used for assessing socioeconomic status 
estimated based on postal code and for identifying partic-
ipants that have migrated away from Manitoba during the 
follow-up period. We have defined adverse cardiovascular 
outcomes as hospitalisation or death due to ischaemic 

heart disease, acute myocardial infarction, angina, isch-
aemic stroke, haemorrhagic stroke, transient ischaemic 
attack, peripheral artery disease, congestive heart failure, 
cardiovascular disease-related interventions, such as 
coronary artery bypass graft or percutaneous coronary 
intervention or new-onset cases of hypertension. Adverse 
cardiovascular disease outcome definitions and codes 

Table 3  Manitoba Centre for Health Policy data acquisition

Database Data fields/variables Rationale

Manitoba Health Insurance Registry Estimated socioeconomic status and 
information related to migration

Socioeconomic status is an important health 
determinant and migration away from Manitoba can be 
identified

Procedure codes on hospital 
discharge abstracts

Hospitalisation for cardiac diseases and 
cardiac procedures performed

Capture adverse cardiac events to test diagnostic 
accuracy of WARM Hearts risk score variables versus 
the Framingham Risk Score

Medical claims (physician billings) Diagnoses of cardiac diseases and 
procedures performed

Track adverse cardiovascular events

Vital statistics Cause of death Track mortality rates

Drug Program Information Network Cardiac and other medications used Track cardiovascular-related medication usage

WARM, Women’s Advanced Risk-assessment in Manitoba.

Table 4  Primary outcomes—adverse cardiovascular outcomes

Adverse cardiovascular 
outcomes Definitions and codes

Ischaemic heart disease ►► At least one hospital diagnosis: ICD-10-CA codes: I20–I25) OR
►► At least two ambulatory visit diagnoses: ICD-9-CM codes: 410–414 OR
►► At least one ambulatory visit diagnosis: ICD-9-CM codes: 410–414 AND at least two prescriptions: 
vasodilators (Anatomical Therapeutic Chemical (ATC) codes: C01DA02, C01DA05, C01DA08, C01DA14), 
other cardiac drugs (ATC codes: C01EB09), beta blocking agents (ATC codes: C07AA02, C07AA03, 
C07AA05, C07AA06, C07AA12, C07AB02, C07AB03, C07AB04, C07AB07, C07AG01, C07BA05, 
C07BA06, C07BA12, C07CA03, C07CB03), calcium channel blockers (ATC codes: C08CA01, C08CA02, 
C08CA04, C08CA05, C08CA06, C08DA01, C08DB01), ACE inhibitors (ACEI; ATC codes: C09AA01, 
C09AA02, C09AA03, C09AA04, C09AA05, C09AA06, C09AA07, C09AA08, C09AA09, C09AA10, 
C09BA02, C09BA03, C09BA04, C09BA06, C09BA08), angiotensin II antagonists (ATC codes: C09CA01, 
C09CA02, C09CA03, C09CA04, C09CA06, C09CA07, C09DA01, C09DA02, C09DA03, C09DA04, 
C09DA06, C09DA07) in 3 years

Acute myocardial infarction ►► ICD-10-CA codes: I21.0–I21.4, I21.9–I22.1, I22.8, I22.9, I51.3

Ischaemic/haemorrhagic stroke ►► ICD-9-CM codes: 430–438 or ICD-10-CA codes: I60–I69

Transient ischaemic attack ►► ICD-10-CA codes: G45.0–45.3, G45.9

Peripheral artery disease ►► ICD-9-CM codes: 440, 443 or ICD-1-CA codes: I70, I73, I79

Congestive heart failure ►► ICD-9-CM codes: 428 or ICD-10-CA code: I50

Cardiovascular-related 
interventions (such as CABG 
and PCI)

►► Example: ICD-9-CM codes: 36,10–36, 14 or Canadian Classification of Health Interventions (CCI) codes: 
3610–3616, 3619

Hypertension* ►► At least one hospital diagnosis: ICD10-CA codes: I10–I15 OR
►► At least two ambulatory visit diagnoses: ICD-9-CM codes: 401–405 OR
►► At least two prescriptions: antihypertensives (ATC codes: C02AB01, C02DC01), diuretics (ATC codes: 
C03BA11, C03DB02), beta blocking agents (ATC codes: C07AA12, C07AB03, C07CA03), calcium 
channel blocker (ATC codes: C08DA01), ACEI (ATC codes: C09AA05, C09BA02), angiotensin II 
antagonists (ATC codes: C09CA01, C09DA01)

Prescription of cardiac 
medications

►► Example: prescriptions such as antihypertensives (ATC codes: C02AB01, C02DC01), diuretics (ATC 
codes: C03BA11, C03DB02), beta blocking agents (ATC codes: C07AA12, C07AB03, C07CA03), 
calcium channel blocker (ATC codes: C08DA01), ACEI (ATC codes: C09AA05, C09BA02), angiotensin II 
antagonists (ATC codes: C09CA01, C09DA01)

*This outcome will only be used for those participants with no prior diagnosis of hypertension.
CABG, coronary artery bypass graft; ICD-10-CA, International Classification of Diseases, 10th revision, Canada; ICD-9-CM, International 
Classification of Diseases, 9th revision, clinical modification; PCI, percutaneous coronary intervention.
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based on administrative data as previously used in the 
Manitoba context89 are listed in table 4.

Data management
Initial WARM Hearts study data collection is expected to 
be complete in late 2021. De-identified data is expected 
to be available 6-months after that. Researchers wishing to 
access data should contact Dr Todd Duhamel (​tduhamel@​
sbrc.​ca; ​orcid.​org/​0000-​0001-​8467-​4800). A data dictio-
nary will be available on request. An itemised list of the 
data being requested along with a brief proposal that 
outlines the rationale, hypotheses and proposed analyses 
will be required. Since biological samples represent a 
finite resource, the proposed analyses will be considered 
with regards to ethical approval, feasibility and novelty. 
A data sharing transfer agreement or a material transfer 
agreement must be signed and adhered to by collabo-
rating parties and their respective institutions. Electronic 
data formats will be made available through the University 
of Manitoba Dataverse repository, following policies and 
procedures consistent with Tri-Council requirements.

Statistical analysis
Using estimations of adverse outcomes from published 
literature and data from our previous large cohort CVD 
screening project,16 we predict 187–241 adverse health 
outcomes to occur in the 5-year period after the data 
collection in the cohort additional data informing this 
estimate are based on rates of ischaemic heart disease, 
acute MI, stroke, congestive heart failure, new prescrip-
tions for cardiac medications (ACE inhibitors and statins) 
and new diagnoses of hypertension from the sex differ-
ences in health status, healthcare use and quality of care: 
A population-based analysis for Manitoba’s Regional 
Health Authorities report90 and age-stratified data from 
the Chronic Disease and Injury Indicator Framework91 
regression models will be used to identify variables that 
provide additional improvement of the model fit for 
predicting adverse cardiovascular events in a risk score 
at the end of the follow-up period. Two unique regres-
sion models will be developed to examine the associa-
tion between the study variable of interest and adverse 
cardiovascular events. First, a conceptual model will be 
developed and consist of pre-selected hypothesised risk 
factors of interest for CVD as agreed on by the multidis-
ciplinary research team following an extensive literature 
review. A second ‘optimistic’ model will be developed 
using a well-establish selection methodology such as a 
stepwise selection or hierarchal regression. The compar-
ative predictability of the WARM Hearts CVD risk tool 
and the FRS will be assessed using survival analysis tech-
niques, such as Kaplan-Meier methods, Cox proportional 
hazards model. Model discrimination will be assessed 
using techniques like receiver operating characteristic 
curves, Harrell’s c-statistic and integrated discrimination 
improvement. The number of estimated CVD-related 
outcomes will allow us to conservatively use 10 variables 
in our model. Distribution and end results may dictate 

analyses used. The final prediction models will be exter-
nally validated through data collected in alternate cohort 
studies that include the same variables.

Informed consent
The University of Manitoba Health Research Ethics 
Board (REB; V.4.0 dated 7 October 2019) and the St 
Boniface Hospital Research Review Committee (V.4.0 
dated 7 October 2019) approved the trial. Minor edito-
rial revisions to the protocol documents were approved 
by the REB on 22 November 2019, 27 February 2020, 1 
April 2020 and 16 June 2020. Individuals will be verbally 
informed of the study procedures by a research assis-
tant and provided a copy of the patient information and 
consent forms. Each individual will have an adequate 
amount of time to consider their participation in the 
WARM Hearts study and will be given the opportunity to 
ask questions. After this process, if the individual decides 
to participate in the study, they will be asked to provide 
written consent on arrival at their first research appoint-
ment. Participants can decide not to participate in the 
study or to withdraw from the study at any time. Partic-
ipants will be asked if they are willing to be contacted 
about future research studies.

Trial monitoring and safety
The research team is responsible for the study design, 
management, ethical conduct, analysis and dissemination 
of the WARM Hearts results. If a participant has a serious 
adverse event during the testing period, the protocol will 
be stopped. The participant will then be informed of the 
reasons for stopping the protocol. The appropriate steps 
will then be made to report the event to the University of 
Manitoba Health Research Ethics Board and the St Boni-
face Hospital Research Review Committee.

End of study
The WARM Hearts recruitment and CVD risk screening 
data collection phases of the research will end when 
1000 participants have been successfully enrolled, which 
should be accomplished prior to 30 September 2021. 
Cross-sectional data analysis to characterise the cohort 
and examine associations between variables will be 
explored at this time. Adverse cardiovascular event data 
will be accessed through the MCHP 5 years after the 
completion of screening. Analyses of the adverse cardio-
vascular event data will then occur. Data will be published 
in peer-reviewed journals and presented at national and 
international conferences. Knowledge translation strate-
gies and multimedia tools such as webinars, infographics 
and fact sheets will be created to share our findings with 
stakeholders who are positioned to design and implement 
evidence-informed CVD risk assessment approaches.

Study status
Recruitment for the WARM Hearts study began on 10 
October 2019. Four hundred and eighty individuals 
were recruited to participate in the WARM Hearts 
trial as of 23 March 2020. Of these individuals, a total 

https://slack-redir.net/link?url=http%3A%2F%2Forcid.org%2F0000-0001-8467-4800&v=3
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of 240 completed data collection. This date is relevant 
because it is when the University of Manitoba and St 
Boniface Hospital suspended research activities with 
human participants due to the COVID-19 public health 
pandemic. Recruitment and data collection will recom-
mence when public health officials in Manitoba and 
the institutions deem it is appropriate to relaunch the 
research. We anticipate the cohort recruitment will be 
completed in late 2021.

ETHICS AND DISSEMINATION
The University of Manitoba Health Research Ethics Board 
(7 October 2019) and the St Boniface Hospital Research 
Review Committee (7 October 2019) approved the trial 
(Ethics Number HS22576 (H2019:063)). Recruitment 
started 10 October 2020. Data gathered from the WARM 
Hearts study will be published in peer-reviewed journals 
and presented at national and international confer-
ences. Knowledge translation strategies will be created to 
share our findings with stakeholders who are positioned 
to implement evidence-informed CVD risk assessment 
programming.
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