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Abstract

Poor sleep patterning is associated with increased risk for future adverse cardiovascular
events. An exaggerated blood pressure response (EBPR) to a moderate bout of physical activity
may better and earlier detect autonomic dysfunction and CVD risk compared with resting blood
pressure (BP). To date, determining if poor sleep patterning is associated with an EBPR to 3-
minutes of moderate physical activity has not yet been assessed. The purpose of my thesis is to
determine if differing sleep patterns are associated with an EBPR to 3-minutes of moderate
physical activity in 206 women aged 55 years or older. Objective sleep data was collected
through accelerometry to assess both sleep duration (total sleep time; TST; sleep durationTst)
and sleep quality (sleep efficiency; SE; Sleep Qualityse). Self-reported sleep quality data was
also collected using the Pittsburgh Sleep Quality Index (PSQI; sleep qualityrsqi). The BP
response was collected after 3-minutes of moderate physical activity performed on a treadmill
and categorized into a typical BP response or an absolute or relative EBPR (EBPRabsolute;
EBPRrelaiive). Differing sleep patterning prevalence was classified as: 1) 40.8% of the cohort had
short sleep durationtst, 57.3% had normal sleep durationtst and 1.9% had long sleep
durationtst; 2) 4.9% had poor sleep qualityse, and 95.1% had adequate sleep qualityse; and, 3)
57.3% had poor sleep qualityrsqi and 42.7 had adequate sleep qualityrsqi. No significant
associations were determined between the objectively measured sleep durationtst or sleep
qualityse and EBPR categories. A significant association between sleep qualityrsqi and an
EBPRrelative Was detected, where participants with better sleep qualityrsqi score had a 63%
reduction of having an EBPRreiative. The findings of no association between sleep durationtst or
sleep qualityse variables may be due to my study’s limitation of a small sample size and the large

amount of variance. These associations should be re-assessed while using a larger sample size. If



this relationship is confirmed in the future, health care professionals could implement sleep

interventions to reduce CVD risk.
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List of Abbreviations

BP- Blood pressure

EBPR- Exaggerated blood pressure response

PSQI- Pittsburgh sleep quality index

SE- sleep efficiency

TST- total sleep time

PSG- Polysomnography

REM- rapid eye movement

NREM- non rapid eye movement

EEG- electroencephalogram

EMG- electromyography

EOG- electrooculography

SWS- short wave sleep

ANS- autonomic nervous system

HCV- hepatitis C-virus

CSF- cerebral spinal fluid

CVD- cardiovascular disease

CHD- coronary heart disease



ESG- European Society of Cardiology

NHS- Nurse’s Health Study

AHA- American Heart Association

METs- Metabolic equivalents

WARM- Women’s Advanced Risk Assessment in Manitoba

SROBE- Strengthening the Reporting of Observational Studies in Epidemiology

mmHg- millimetre of mercury

Sleep durationTst- Sleep duration assessed by TST

Sleep Durationcontinuous- Sleep duration assessed by TST as a continuous variable

EBPRAabsolute- Exaggerated Absolute Blood Pressure Response

Typicalabsolute Response- Typical Absolute Blood Pressure Response

EBPRRelative- EXaggerated Relative Blood Pressure Response

Typicalrelative Response- Typical Relative Blood Pressure Response

Sleep Qualityse- Sleep Quality assessed scored by Sleep Efficiency assessed by accelerometry

SEcontinuous- Sleep Efficiency assessed by accelerometry as a continuous variable

Sleep Qualityrsqi- Sleep Quality assessed by PSQI
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Chapter 1: Literature Review

This literature review will cover the basic physiological changes associated with poor sleep
patterning including both sleep duration and sleep quality. Accessible methods of identifying
poor sleep patterning will be discussed in comparison to the gold standard measurement of sleep.
The review will then shift to examine exaggerated blood pressure (BP) response to moderate
intensity exercise as a measurement of cardiovascular disease risk. The definition of exaggerated
BP in response (EBPR) to moderate intensity exercise, how it is assessed and the association
with sleep patterning will then be examined. Finally, the review will identify knowledge gaps

between sleep patterning and an exaggerated BP response to moderate-physical activity.

1.1 Sleep

Humans sleep for approximately one-third of their lives[1]. Stats-Canada data from 2007-to-
2013 report that Canadians aged 18 to 64 averaged 7.12 hours of sleep per night. Although some
individuals think of sleep as one state, it is more accurate to recognize that sleep is divided into
two distinct states: rapid eye movement (REM) sleep[1], also called active sleep or paradoxical
sleep and non-rapid eye movement (NREM) sleep[2]. REM sleep consists of a single stage;
whereas historically NREM sleep consists of 4 stages (S1-S4)[1][2,3]. Contemporary research
now recognizes NREM stages 3-4 as one stage referred to as N3[3]. REM sleep accounts for
approximately 20-25% of sleep, where NREM sleep accounts of approximately 75% - 80%[4].
Each phase and stage represent the relative depth of sleep and have unique characteristics as
demonstrated by brain waves, muscle tone, and eye movement patterns. S1 is the shallow stage
of sleep where a person is still easily awoken and lasts approximately 1 to 7 minutes[4].
Electroencephalogram (EEG) of this S1 phase is characterized by rhythmic alpha waves at a

frequency of 8 to 13 cycles per second[1]. After the S1 phase is complete, a person enters S2,
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which lasts approximately 10-25 minutes in the initial cycle of sleep[4]. S2 then progresses to be
50% of the total sleep cycle later in the night[4]. S2 is a much deeper sleep than S1, but
individuals can still be awoken by stimulation. Brainwave activity on an EEG is low voltage and
is characterized by the frequent occurrence of sleep spindles and K-complexes[5]. Current
theories suggest that memory consolidation occurs primarily during this stage. N3 in NREM
accounts for approximately 20% of total sleep time and is defined as deep sleep or slow wave
sleep (SWS)[2,5]. Deep sleep is defined by changes in EEG patterns compared to REM. Deep
sleep is regarded as the refreshing, restorative part of sleep, however, it is not clear what
substrate in the body or brain is restored. N3 lasts about 20-40 minutes, where EEG is
characterized by high voltage, slow wave frequency[3]. After an individual progresses through
NREM, REM sleep occurs which is the phase of sleep responsible for dreaming which an
individual can remember after waking. It is characterized by total body voluntary muscle

paralysis (except for respiratory and extraocular muscles)[3].

In normal conditions, sleep progresses in the order from S1 to S4 followed by REM sleep
approximately 4-6 times per night[1]. The organization of the sleep stages and the distribution of
those stages is known as “sleep architecture”[1]. NREM and REM sleep stages alternate lasting
60-120min[1]. After the completion of REM sleep, the cycle restarts with a brief period of
wakefulness before the cycle begins again. This cycle of NREM, REM and wakefulness is
repetitive in nature, where cortical activity of the brain undergoes regular cyclic changes between
NREM and REM sleep. The sleep cycles repeat 4-6 times throughout a typical night-time sleep

period lasting >7.0-<9.0 hours[4].

During the day, BP values can increase through mechanisms such as postural changes,

exercise, and caffeine consumption. During NREM sleep, physiological variables such as heart
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rate, respiration and cortical activity decrease, body temperature decreases, and energy
consumption is lower[2]. NREM sleep is characterized by progressive BP and HR decreases
which becomes more pronounced from stage 1-3[6]. The reduction in BP is due to the decrease
in heart rate and in sympathetic vasoconstrictor tone[6]. However, during REM sleep BP is
increased compared to wakefulness[6]. The normal reduction in BP, compared to mean daytime
values, during sleep is 10% to 20% in healthy, normotensive individuals[6,7]. This phenomenon
is referred to as “dipping”, while non-dippers are defined as a BP reduction <10%. Nocturnal BP
dipping is important for BP regulation during the day[8]. It is known that the autonomic nervous
system (ANS) is influenced by sleep, while the ANS regulates cardiovascular function through
the sympathetic and parasympathetic nervous system[6]. The association between cardiovascular

health and sleep patterning may result from a still unknown, common pathogenic mechanism.

Two main components of physiological sleep regulation include homeostatic and circadian
components[1]. The homeostatic component of sleep tracks the duration of the previous
wakefulness period, where the longer we stay awake, the longer and deeper the following sleep
will be. The amount of REM in each cycle progresses throughout the night from being minimal
on initiation of sleep, but eventually is up to 30% of the cycle later in the night[2]. The second,
circadian component regulates the timing of sleep typically over a 24 hr period[2]. Homeostatic
and circadian components create the two factors of the two-process model describing the
regulation of sleep[5] (Figure 1). Shown graphically below, homeostatic sleep drive typically
increases throughout the day, increasing the need to sleep, but it is countered and moderated by
the circadian drive. Homeostatic sleep is greatest in the late evening, and slowly decreases
throughout the sleep period. During this sleep period, the circadian drive begins to overcome the

homeostatic sleep drive, which triggers awakening.
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Figure 1: “Adapted” Two-process model of sleep from Borbely et. al (2016)[9]

1.2 The Physiological Need of Sleep

Despite the advances in sleep research, the greatest mysteries that remain to be determined
are, why is sleep a restorative state and why does a lack of sleep impair physiological function. It
is possible that sleep serves many purposes. Lack of sleep reduces learning, impairs performance
on cognitive tests, and prolongs reaction time[10]. Many theories through research have been
developed to understand why we sleep. Some of these theories include 1) memory theory 2)
immunity theory and the 3) beta-amyloid theory. These theories will be briefly explained in the

literature review to demonstrate the importance of sleep through a multidimensional approach.

Memory Theory

There has been as increasing number of studies that have shown an association between
sleep and memory. The first evidence of the relationship between sleep and memory was in 1924
which focused on declarative memory[11]. More recently research has focused on memory

consolidation and sleep. With memory consolidation, it is likely that there are different
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neurological processes at work during the various sleep stages. It has been demonstrated that
sleep enhances memory consolidation by providing an optimal endocrine environment, by
temporarily augmenting cortisol, preventing hormonal feedback signals from interfering with
memory processing[11]. The physiological mechanisms behind sleep and memory are far from
being well-established and further research is needed to understand the relationship between

them.

Immunity Theory

Throughout research the relationship between sleep and the immune system has been
intensively studied. Starting in the 1980s, the sleep response to infectious challenges have been
studied in animal models[5]. The immune system is the body’s defense system which can
determine any internal or external threats that may cause harm to the physiological system.
Findings in both animal and human models have shown pathogens or their components are able
to alter sleep patterning[12]. For example, sleep disturbances are commonly demonstrated in
chronic infection with hepatitis C virus (HCV). More than 50% of patients diagnosed with HCV
reported feeling fatigue, excessive daytime sleepiness and poor sleep quality[13]. As well, an
objective sleep assessment using actigraphy demonstrated an increased nighttime wake time and
reduced sleep efficiency (SE) in women diagnosed with HCV[12]. Sleep disturbances are also
commonly found in diseases with inflammatory pathophysiology, such as inflammatory bowel

diseases[5].

Beta-Amyloid Theory

The last theory focuses on beta-amyloid, a protein linked to neurodegenerative diseases

which is commonly found in the interstitial space surrounding the cells of the brain. When this
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protein builds up in large amounts around the brain, normal brain functioning can be impaired. In
the peripheral tissues, the lymph vessel returns the excess proteins to the general circulation for
degradation in the liver. The brain lacks this conventional lymphatic transport system for toxic
waste. In the brain, the cerebral spinal fluid acts as this transport system, known as the
glymphatic system[14] where it recirculates interstitial fluid in and around the brain while
removing the toxic beta-amyloid proteins. The interstitial concentration of beta-amyloid is higher
during wakefulness due to the increase in production. Xie et al. demonstrated in rodents that the
restorative function of sleep may be due to the switching of the brain into a functional state that
facilitates the clearance of degradation products of neural activity that accumulate during
wakefulness such as beta amyloid[10]. Xie et al.’s analysis demonstrated that the cortical
interstitial space increases by more than 60% during sleep, resulting in efficient convective

clearance of AP and other compounds[10].

1.3 Sleep Patterns

Sleep patterning is a term used to describe both sleep duration and sleep quality. Sleep
duration is defined as either short, normal or long sleep. Short sleep has most often been defined
as <7[15] hours/night; whereas, long sleep has been defined as > 9 hours/night[15]. The
National Sleep Foundation recommend that adults obtain >7 and <9 hours of sleep per night[16]
(Table 1), which in this thesis will be defined as normal sleep[17]. Research from the Cancer
Prevention Study 1 (CPSI) of over 1.1 million participant demonstrated a U-shaped relationship
between sleep and health (Figure 2), where the most extreme ends of sleep are associated with
adverse health outcome[18]. Both short, defined as <6 hours per night (Table 1), and long,
defined as >9 hours per night (Table 1) sleep length has been demonstrated as a potential

lifestyle factor that impacts CVD[19].
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Table 1: Sleep Definitions

Sleep Terms

Study Definitions

Sleep architecture

Organization of sleep into several stages and the

distribution of those stages across time[1]

Sleep quality

Objectively measured as the percentage of sleep
efficiency (SE), where SE is equal to percent

total sleep time/time in bed (TST/TIB x 100%);

Subjective evaluation of sleep can be measured
through the Pittsburgh Sleep Quality Index
(PSQI), recorded as a total score out of 21

points[20]

Sleep Patterning

A general term used to combine sleep duration

and sleep quality[2]

Sleep Deprivation

The situation or condition of suffering from a

lack of sleep[4]

Sleep Duration

The total sleep time (TST), in hours, an

individual sleeps per night[21].

Normal sleep duration

>7-<9 hours of sleep per night[15]

Long sleep duration

>9 hours of sleep per night[22]
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Short sleep duration

<7 hours of sleep per night[23]

Poor sleep quality

Sleep efficiency < 85% based on ActiLife
Analysis[24]
Or

PSQI score >5[20]

Adequate sleep quality Sleep efficiency >85% based on ActiLife

Analysis[24]
Or

PSQI score <5[20]

1.6

1.4

1.2

=

0.

Hazard Ratio
[wa]

0.

[=2}

0.

I~

0.

8]

0

MW 3 hours

Sleep duration

W 4hours M5hours 6hours ®W7hours ®M8hours MW9hours MW>10 hours
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Figure 2: “Adapted” Kripke 2002, U-shaped relationship demonstrated through hazard ratios of

adverse health outcomes against the percentages of women who reported each sleep duration

1.4 Assessing Sleep Patterns

1.4.1 Gold Standard (PSG)

Sleep is most accurately defined through electroencephalogram (EEG) measurements,
combined with electromyography (EMG) and electrooculography (EOG)[4]. Sleep is most often
clinically measured through PSG which encompasses EEG, EMG and EOG. The gold standard
for objectively measuring sleep and diagnosing sleep disorders is a polysomnogram (PSG). The
PSG analysis involves recorded and analyzed measurements of brain function, muscle
movement, ocular movement, respiratory function, cardiac rhythm, sleep onset and arousals[25].
A PSG study requires a trained expert to collect the data and to analyze the results, which may

not be feasible outside a specialised sleep clinical or research setting.

1.4.2 Actigraphy/Accelerometers

Actigraphy is a small, portable device that senses and stores a person’s physical motion
during sleep and wake cycles[26]. This device can be used to evaluate and research clinical sleep
disruptions by generating an internal signal each time the device is moved/accelerated [27].
Actigraphy devices worn on the wrist were first used for the assessment of sleep in 1972[28]. An
accelerometer allows the continuous detection of sleep periods in an individual’s normal sleep
environment and is supported by the Society of Behavioural Sleep Medicine.[26]. Using an
accelerometer to objectively measure sleep patterns have been validated for both older adults[29]
and in children[30]. Based on population- based studies for sleep analysis, it has been

recommended that the accelerometer be worn on the non-dominant wrist. Although actigraphy
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should not be viewed as a substitute for PSG to diagnose clinical sleep disorders. However,
accelerometers are a recognized tool that can be useful to measure 24-hour movement patterns,
including those associated with sleep[26]. It has been demonstrated that there is a 91-93%
agreement between PSG sleep parameters and actigraphy device placed on the wrist[31].
Additionally, the Cole Kripke algorithm, correctly distinguished sleep from wakefulness in
approximately 88% of minutes scored compared to PSG[29]. Additionally, according to Kelsie
et. al., the pattern of SE estimates shows that 57% of SE estimates from the non-dominant wrist-
worn accelerometer devices fall within 5% of the mean PSG SE estimates[28]. As well, no
significant differences were found in total sleep time using a wrist mounted research-grade

accelerometer when compared with the gold standard of polysomnography[28].

1.4.3 Pittsburgh sleep quality index

The Pittsburgh Sleep Quality Index (PSQI) is a subjective questionnaire that contains
questions that relate to usual sleep habits during a period of one month. The response the
participants answered should indicate the most accurate reply for the majority of days and nights
in the past month. It includes multiple questions relating to sleep duration and sleep quality
which produces a global score that can determine the quality of an individual’s sleep. The
respondents rate which various factors interfered with their sleep based on a 4-point Likert-type
scale. A total score >5, out of a total of 21 points indicate poor sleep quality[20]. The PSQI is a
well known research and clinical measurement tool used in epidemiological studies with diverse,
older racial or ethnic groups[32]. Beaudrea et al. further validated the use of the PSQI for
research and clinical use and demonstrated it is an appropriate tool to use with older women to

assess sleep quality[33].
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1.5 Cardiovascular disease

Cardiovascular disease (CVD) is a general term to describe several different disorders
and abnormalities present in the heart or the vascular system. Some of the pathologies that
present under the umbrella term of CVD includes coronary heart disease (CHD), peripheral
arterial diseases, heart failure and congenital heart diseases[34]. Atherosclerosis is the leading
cause of CVD, including both heart diseases and stroke[35]. Atherosclerosis is a progressive
disease where lipids and fibrous elements accumulate in the large arteries causing blockages[35].
These blockages can grow sufficiently in the arteries that can complicate the cardiovascular
system, such as blocking blood flow due to a blood clot of a thrombus. These blockages can
result in life threatening conditions such as myocardial infarction or stroke[35]. CVD is the

leading cause of mortality globally[36].

In 2016, the WHO estimated that over 75% of premature CVD was preventable and
could be decreased by primary risk factor interventions. Primary interventions should address the
effects of CVD risk factors including smoking, hypertension, and obesity. Despite the advances
of the care and treatment of CVD, as well as advances in CVD research, the prevalence of CVD
is not diminishing. The World Health Organization projects that by 2030 CVD prevalence will
be 32%[37]. Research must address this growing problem by finding preventative measures and

interventions that can reduce the impact of CVD worldwide.

Hypertension is an important risk factor for both non-fatal and fatal CVD[38]. European
Society of Cardiology (ESC) guidelines for the management of hypertension define hypertension
as a systolic BP values of >140 mmHG and diastolic BP values of >90 mmHg at rest[39,40].
Hypertension is a global health problem and is the leading cardiovascular risk factor for

morbidity and mortality worldwide[38]. According to the WHO, an estimated 1.13 billion people

23



worldwide have hypertension[41]. Additionally, according to WHO, in 2015 1 in 5 females had
hypertension[41]. Its prevalence has increased over the past decade despite improvements in
awareness, treatment and control of BP[42]. Although the prevalence of hypertension is greater
in men until middle age, women have similar or higher rates of hypertension compared to men
later in life[43]. In postmenopausal women, hypertension is the most common modifiable
cardiovascular risk factor[43]. In women aged 65 years and older the prevalence of hypertension
exceeds 60% and rises to 76.2% in those 75 years or older[43][40]. A combination of genetic

and environmental factors have been identified as important in the development of hypertension.
1.5.1 Short Sleep and CVD risk

Short sleep duration is associated with the prevalence and incidence of CVD[44]. A
meta-analysis that included 15 studies, with a total of 474,684 participants, demonstrated that
individuals that self reported as short sleepers (<6 hours) had a 50% increase in the risk of
developing coronary heart disease (CHD)[45]. Yin et al. reported that a reduction in 1-hour of
sleep was associated with a 6% increase risk for all-cause mortality and total CVD, a 7%
increase risk for CHD and a 5% increase risk for stroke[46,47]. The Helius Study, a large- scale
prospective cohort study of 13,316 participants demonstrated that the prevalence of hypertension
was consistently higher in those reporting short sleep duration (<6 hours) compared to normal
sleepers[48]. Short sleep duration has a potential impact on endocrine function[49], immune

system function and inflammatory processes[49].
1.5.2 Long Sleep and CVD risk
Long sleep duration (>9 hours per night) is associated with an overall decrease in health

status across multiple domains. Lifestyle factors including poor sleep quality, poor physical and
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mental health, anxiety, depression, low socioeconomic status, low level of physical activity and
other underlying biological mechanisms[49] have been shown to be present in individuals with
long sleep duration. The NHS demonstrated sleeping 9 hours or more was associated with a 42%

increased mortality risk, compared to normal sleepers (7-<9 hours)[50].

Another theory for the association between adverse health outcomes and an increased
self-reported sleep duration is individuals with long sleep needs may have a reduced
physiological reserve, reducing the ability of an individual to survive serious illness[50].
Sleeping >9 hours/night is associated with higher risks of CVD in individuals aged 55 years or
older[47]. Cepeda et al. demonstrated that the odds of having CVD was 43% higher in subjects
aged 55 years or older who reported sleep >9 hours sleep compared with subjects in the same age
category who sleep <6 hours[47]. Yin et al. demonstrated that with a 1-hour increase in sleep
duration, compared to 7 hours per night, all-cause mortality risk was increased by 13%, total
CVD risk was increased by 12%, CHD was increased by 5% and stroke risk was increased by
18%][46]. Kripke et al. (1979) reported individuals sleeping ten hours or more were about 1.8
times as likely to have died within six years as subjects who reported sleeping 7.0 to 7.9

hours[51].

1.5.3 Sleep Quality and CVD risk

Sleep quality is an important behavioural factor associated with CVVD outcomes, where
low sleep quality is associated with the highest risk for negative health outcomes[52]. The
MORGEN study which included 20,432 participants without prevalent CVD based on self-report
and hospital admission data demonstrated after age and sex adjustments, participants with poor
sleep quality, where sleep quality was assessed using a self-report asking “Do you usually rise

rested”, had a 22% higher risk of CVD and 34% higher risk of CHD incidence than those with
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good sleep quality[53]. Sleep quality is an important factor for the recovery of the physiology
system. Further adverse health outcomes associated with poor sleep quality includes increased
risk mortality, type 2 diabetes and obesity[54]. Analysing sleep quality, with sleep duration is
important to understand the overall impact that negative sleep patterning can have on the human

system

1.6 Sleep in Older Aged Females

As individuals advance into older age, total sleep time gradually declines and the total
number of awakenings increase during a sleep session[1]. A meta-analysis of 65 studies
representing 3,577 healthy subjects has shown that the total amount of sleep decreases linearly
with age with a loss of ~10 minutes per decade[55]. Cross-sectional studies have also
demonstrated that the prevalence of self-reported poor sleep increases with age[56,57]. For
example, the proportion of individuals reporting trouble with sleep increase from 9% at age 2-29
to about 21% at age 60-69[56]. Many studies also indicate the predominance of females in
reporting poor sleep. The changes in sleep may be due to aging itself, or due to the contribution

of other age related-diseases that may impact sleep[51].

It is apparent from existing research that sleep disturbances are highly prevalent in older
adults, where nearly 70% report problems with their sleep, and 32-45% report difficulty falling
asleep or maintaining sleep[33]. Both extremely long and extremely short sleep durations were
reported by higher percentages of older persons[51]. According to current research, longer sleep
duration may put older women at an increased risk of adverse health outcomes including

CVDI[58].
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A prominent change in sleep cycles with ageing occurs in S3 and S4, where there is an
overall reduction[3]. The reduction of S3 and S4 could be associated with the occurrence of
diseases such as dementia[10,47,59]. Understanding how age and sex is linked to sleep duration
needs further investigation. It has been consistently found that women (independent of age), on
average, sleep longer than men[46,60]. In the Jean-Louis et al. study, it was demonstrated that
women slept 28 minutes longer than men during night sleep[60]. According to the Nurses’
Health Study (NHS) cohort of 82,929 women, it was demonstrated that women reporting long
sleep duration, equal to or greater than 9 hours of sleep, tended to be older, heavier and have

more comorbidities[50].

1.7 Sleep and Blood Pressure

In Canada, 22.7% of adults aged 20 years and older are living with hypertension, where
approximately 17% of individuals with hypertension are not aware of their condition. Poor sleep
patterning is associated with an increased risk for hypertension across the lifespan. Sleep
restrictions alter the autonomic balance and increase the sympathetic nervous system activity and
circulating levels of catecholamines[61]. Disruptions in time and duration of sleep also impairs
circadian rhythmicity and contributes to non-dipping BP patterns and a risk in BP variability. BP
and heart rate follow a diurnal pattern with the lowest values occurring during sleep. BP
gradually falls with the onset of sleep and then remains low until the moment of awakening,
when it promptly rises[42]. BP drops by an average of 10-20% during sleep. Sleep deprivation
studies of both normotensive and hypertensive subjects have shown significant increases in BP

and sympathetic nervous system activity after nights where sleep was restricted[42].
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1.8 Exaggerated Blood Pressure Response to Moderate Intensity Physical Activity

Exercise stress testing is routinely used to assess CVD risk through the measurement of
BP[62]. When the body is presented with a stressor, such as exercise, it adapts physiologically to
meet the needs of the system. The baroreceptor reflex, or baroreflex, is the most important
mechanism involved in BP control which responds to changes in carotid or aortic stretch caused
by rises or falls in arterial BP[63]. During moderate bouts of physical activity, systolic BP
increases and there is little or no change in DBP[43]. SBP normally rises with exercise due to the
increase in cardiac output[64]. This is due to the increased demand of oxygen from the working
muscles involved in the exercise as well as the increases in metabolic demands of the involved
organs[38,43]. Additionally, impaired endothelial function may limit vasodilation in response to
increased shear stress from exercise and, therefore, result in an exaggerated blood pressure

response (EBPR)[64].

The American Heart Association (AHA) published evidence-based guidelines in 2007 for
the evaluation of high blood pressure in adults. It is recommended, prior to measuring BP in a
clinical setting, individuals are to be seated and rested for a 5-minute period[65]. Emerging
research suggests that the blood pressure response to acute exercise may also have prognostic
value in identifying future CVD risk, such as masked hypertension[62,66], future
hypertension[66,67] as well as identifying physiological mechanisms, such as autonomic
dysfunction which could increase future CVD risk. Individuals with elevated CVD risk, but who
are not formally diagnosed with CVDs, may present an abnormally exaggerated BP response to
physical activity. In fact, people with abnormally high BP levels during physical activity tend to
develop left ventricular hypertrophy and end organ damage[43]. Some studies suggest that the

exaggerated systolic BP response is associated with future development of hypertension[64,68].
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A previous meta-analysis of 12 longitudinal studies with a total of 46,314 individuals revealed
that an EBPR during moderate physical activity increased adverse cardiovascular outcomes (fatal
or non-fatal myocardial infarction, stroke, or development of coronary artery disease) by 36 %

after adjustment for other cardiovascular risk factors[69].

Approximately 50% of older adults have elevated SBP but relatively normal DBP at
rest[70]. Arterial stiffness is associated with the aging process[71]. This can result in structural
changes, where arteries are less able to expand in systole and buffer the rise in SBP caused by
the increased cardiac output during physical activity[43]. More specifically in older adults, an
increase in arterial stiffness can result in a reduction in arterial compliance, which could then
lead to an abnormal increase in BP during exercise[64]. An EBPR may be caused by arterial
stiffness and autonomic dysfunction, which can not be assessed using resting blood pressure

values.

1.9 Sleep and Exaggerated Blood Pressure Response

Literature has substantially demonstrated that poor sleep patterning can increase the risk
of developing hypertension and CVVD. Hypertension is normally measured at rest, but current
literature[67,68,72,73] has shown that an EBPR to moderate physical activity may be a more
sensitive approach to detect hypertension by challenging the autonomic nervous system for BP
regulation. Cardiovascular autonomic dysfunction and disturbed sleep patterns may result from a
common pathogenic mechanism. A common mechanism (Figure 3) that may connect poor
sleeping patterns to the development of hypertension is that the alterations in sleep patterning
leads to the loss of BP dipping during sleep[74]. This loss in BP dipping is mainly attributable to
an increase in sympathetic activity during sleep, which leads to an increase in sympathetic tone

during the day[74]. Poor sleep patterning negatively influences resting blood pressure[75].
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However, no published literature has examined the potential relationship between sleep

patterning and an EBPR to moderate intensity exercise.

Stimulation of Loss of

Sleep _ :
[ sympathetic i AN iz nocturnal Hypertension

deprivation NREM sleep dipping pattern

of BP

activity

Figure 3: “Adapted” The common intermediary mechanism for the link between sleep and

hypertension[74]

30



Chapter 2: Statement of the Problem and Methods

2.1 Statement of the problem

In 2007/2008 the prevalence of hypertension in Canadian women, aged 55 years and
older was 59%][76]. Determining pre-clinical CVD risk in an all-female population could be an
important contribution to decrease the prevalence of hypertension. Current methods to assess the
risk for developing hypertension, according to Hypertension Canada Guidelines, includes
measuring BP at rest using a sphygmomanometer. The problem with this approach is that the
measure of resting BP may not be sensitive enough to detect pre-clinical CVD risk. Measuring
an EBPR to 3-minutes of moderate physical activity, may be more sensitive to detect pre-clinical
CVD risk. Moreover, it is known that poor sleep patterning is associated with hypertension in
adults, which likely contributes to adverse cardiovascular events. Sleep patterning may have a
stronger association with an EBPR than does resting BP, which is a relationship that has been
examined substantially in the current literature[52,61,77—-79] However, it is not known if poor
sleep patterning associates with an EBPR to physical activity in adults. If sleep patterning has a
strong association with an EBPR, healthcare professional may be able to assess sleep patterning
as an early sign of pre-clinical CVD risk, future cardiovascular complications or adverse events.

My thesis examined this knowledge gap.

2.2 Thesis Objective and Hypotheses

The main objective of my thesis research was to determine if sleep patterns associate with an
EBPR to 3-minutes of moderate physical activity in a cohort of women 55 years of age and

older. I hypothesized that:

1. Sleep duration (assessed by accelerometry variable TST and transformed into a
categorical variable based on literature cut-offs with levels defined as short sleep
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duration, of <7 hrs per night and normal sleep duration of >7 hrs to <9 hrs) will be
associated with an absolute EBPR of >150 mmHg to 3-minutes of moderate physical
activity (assessed as a categorical variable where EBPR response is either Typicalabsolute
or Exaggeratedabsolute). The hypothesis will then be tested again after controlling for
resting blood pressure.

In a cohort of women aged 55 years and older, sleep duration (assessed by accelerometry
variable TST and transformed into a categorical variable based on literature cut-offs with
levels defined as short sleep duration, of <7 hrs per night, compared to normal sleep
duration of >7 hrs to <9 hrs) will be associated with a relative EBPR of >40 mmHg to 3-
minutes of moderate physical activity (assessed as a categorical variable where EBPR
response is either Typicalreiative Or Exaggeratedrelative).

Sleep duration (assessed by accelerometry variable TST and transformed into a
categorical variable based on literature cut-offs with levels defined as normal sleep
duration > 7 hours < 9 hours or Long sleep duration > 9 hours) will be associated with an
absolute EBPR of >150 mmHg to 3-minutes of moderate physical activity (assessed as a
categorical variable where EBPR response is either Typicalabsoiute OF Exaggeratedabsolute).
The hypothesis will then be tested again after controlling for resting blood pressure.
Sleep duration (assessed by accelerometry variable TST and transformed into a
categorical variable based on literature cut-offs with levels defined as normal sleep
duration > 7 hours < 9 hours or Long sleep duration > 9 hours) will be associated with a
relative EBPR of >40 mmHg to 3-minutes of moderate physical activity (assessed as a

categorical variable where EBPR response is either Typicalrelative Or Exaggeratedrelative).
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e Sleep duration (assessed by accelerometry variable TST and examined as a
continuous variable) will be associated with an absolute EBPR of >150 mmHg to
3 minutes of moderate physical activity (assessed as a categorical variable where
EBPR response is either Typicalabsolute Or Exaggeratedansolute). The hypothesis will
then be tested again after controlling for resting blood pressure.

e Sleep duration (assessed by accelerometry variable TST and examined as a
continuous variable) will be associated with a relative EBPR of >40 mmHg to
30minutes of moderate physical activity (assessed as a categorical variable where
EBPR response is either Typicalrelative 0f Exaggeratedrelative)

5. Sleep Efficiency (SE; assessed by accelerometry and transformed into a categorical
variable based on ActiLife cut-offs with levels defined as Poor <85% and Adequate
>85%) will be associated with an absolute EBPR of >150 mmHg to 3-minutes of
moderate physical activity (assessed as a categorical variable where EBPR response is
either Typicalabsolute Or Exaggeratedassoiute). The hypothesis will then be tested again after
controlling for resting blood pressure.

6. Sleep Efficiency (SE; assessed by accelerometry and transformed into a categorical
variable based on ActiLife cut-offs with levels defined as Poor <85% and >85%) will be
associated with a relative EBPR of >40 mmHg to 3-minutes of moderate physical activity
(assessed as a categorical variable where EBPR response is either Typicalrelative OF
Exaggeratedrelative).

e Sleep Efficiency (SE; assessed by accelerometry and examined as a continuous
variable) will be associated with an absolute EBPR of >150 mmHg to 3-minutes

of moderate physical activity (assessed as a categorical variable where EBPR
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response is either Typicalabsolute OF Exaggeratedansotute). This hypothesis will then
be tested again after controlling for resting blood pressure.

e Sleep Efficiency (SE; assessed by accelerometry and examined as a continuous
variable) will be associated with an absolute EBPR of >40 mmHg to 3-minutes of
moderate physical activity (assessed as a categorical variable where EBPR
response is either Typicalrelaive Or Exaggeratedrelative).

7. Sleep Quality (assessed by PSQI score and transformed into a categorical variable based
on literature cut-offs with levels defined as Poor >5 and Adequate of <5) will be
associated with an absolute EBPR of >150 mmHg to 3-minutes of moderate physical
activity (assessed as a categorical variable where EBPR response is either Typicalabsolute
or Exaggeratedansolute). This hypothesis will then be tested again after controlling for
resting blood pressure.

8. Sleep Quality (assessed by PSQI score and transformed into a categorical variable based
on literature cut--offs with levels defined as Poor >5 and Adequate of <5) will be
associated with a relative EBPR of >40 mmHg to 3-minutes of moderate physical activity
(assessed as a categorical variable where EBPR response is either Typicalrelative OF
Exaggeratedrelaive). The hypothesis will then be tested again after controlling for resting

blood pressure.

2.3 Methods

2.3.1 Research design

The comparison of sleep patterns and BP in response to 3-minutes of moderate physical

activity in this thesis was performed using a secondary analysis of observational, cross-sectional
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cohort data collected from the Women’s Advanced Risk-Assessment in Manitoba (WARM)
Hearts cardiovascular screening project (ClinicalTrials.gov NCT03938155). The WARM Hearts
study was designed to examine a series of CVD risk screening measures and determine if any of
the collected measures predict future adverse cardiovascular events 5 years post-screening. The
WARM Hearts cohort protocol paper is currently under review for publication. The following
sections in this document will briefly describe the methodological approaches that are specific to

my thesis research.

The WARM Hearts study received ethical approval from the University of Manitoba
Health Research Ethics Board (H2019:063) and the St. Boniface Research Review Committee
(RRC/2019/1833). This thesis was developed using The Strengthening the Reporting of
Observational studies in Epidemiology (STROBE) guidelines[80] (see Appendix 1) and Sex and
Gender Equity in Research (SAGER)[81] guidelines (Appendix 2). Bem Sex Role Inventory
Short Form from the GENESIS PRAXY study will measure dimensions of masculinity and
femininity in the WARM Hearts study. Gender will also be self-reported in the WARM Hearts
study. Participants were asked an open-ended question as follows, what is your gender identity?
[man, woman, transgender, two spirit or prefer to self-identify (open-ended response)].
Researchers who are interested in the self-reported gender score or the gender score from the
Bem Sex Role Inventory Short Form and the self-reported gender identity can contact Dr. Todd
Duhamel to request access to the data. The full cohort of 206 used for this analysis identified as

women.

The WARM Hearts study will recruit one-thousand female participants, 55 years of age
or older through convenience sampling. An all-female cohort was recruited because CVD is the

number one killer in women[82]. The relative risk in females of CVD morbidity and mortality is
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higher than males[83]. CVD develops 7-10 years later in women than in men[84], with an equal
prevalence rate in women and men by age 40[85].This is most likely due to the protective effects
of estrogen pre-menopause[82]. The older age at onset of CVD has left females underrepresented
due to the lower prevalence rates in younger age groups. Historically, females are under-
represented in CVD research and clinical trials[86]. This may affect a female’s ability to receive
proper prognosis and treatment due to the differences in clinical presentation of CVD compared
to males. The impacts from CVD in terms of disability is staggering where about 36% of women
aged 55-64 years, and 55% of women aged 75 years and older have major disabilities after a
myocardial infarction[43]. The discrepancies in the presentation and outcomes between sexes are

associated with inequalities in the detection, prevention and management of CVD[87].

The recruitment of the cohort used newspaper ads, media advertising and radio
interviews. Women who were interested in participating in the study were instructed to contact
the WARM Hearts research team by telephone or email. The inclusion and exclusion criteria for
the WARM Hearts are described in Table 2. If a woman was deemed eligible and interested in
participating in the study, they were then be booked into their first appointments at the (1) Active
Living Centre, University of Manitoba, and then their second appointment at the (2) 1.H. Asper
Clincial Research Institute. At the first appointment written consent was obtained (Appendix 3).
Recruitment for the WARM Hearts study began in October 10, 2019. The WARM Hearts study
began collecting data on October 10", 2019 and as of March 23, 2020 four hundred and eighty
(480) individuals were recruited to participate. Of these individuals, a total of 240 completed
data collection. Due to the COVID-19 public health pandemic, the WARM Hearts study
discontinued the recruitment and data collection from human participants past the date of March

23", 2020. Recruitment and data collection will recommence when public health authorities
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indicate it is safe to do so. For this thesis research, a total of 206 women from the WARM Hearts

cohort will be used for analysis.

Table 2: Inclusion and exclusion criteria for the WARM Hearts study

Inclusion criteria

e \Women aged 55 and older

e Possess a Manitoba Personal Health Information Number

Exclusion criteria

e Ischemic heart disease

e Acute myocardial infarction

e Stroke

e Percutaneous coronary intervention

e Coronary artery bypass surgery

e Congestive heart failure

e Peripheral artery disease

e Previous participation in The Assessment of Large and Small Artery Elasticity for

the Early Detection of Cardiovascular Disease study[88]

Measurements

Activity Log

The participants were given an Activity Monitor Log which included written instructions
for the wearing and use of the accelerometer. This booklet instructed the participants to record

the specific time of day, to the nearest minute for 1) “Wake time”, defined as the time you first
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woke up; 2) “Time you got out of bed” defined as the time when you physically got out of bed,;
3) “Bed time” defined as the time you got in bed; and 4) “Time you fell asleep” defined as the
time the participants think they actually feel asleep. The participants were instructed to record if
they removed the accelerometer device at any period throughout the 7 days and indicate the
reasoning. Comments could include bathing, showering, and swimming as the monitors are not
water-resistant. The participants were instructed to record any naps they had throughout the 24-
hour period over the full 7 days. The Activity Monitor Log was only used to assist in the

interpretation and analysis of sleep data captured with the accelerometer.

Sleep analysis by 7-day actigraphy

Objective measures of poor sleep has been quantified largely using actigraphy in
population-based studies to characterize indicators of sleep and activity parameters[32].
Participants were sent home with an accelerometer and instructed to wear the device for 7
consecutive days on their non-dominant wrist for the full 24 hours per day. Eight to 14 days
later, the participants returned the device to the research team at their second appointment. Wrist
worn actigraphy is a superior method for assessing sleep, compared to hip worn actigraphy for
measuring sleep[89]. For example, Zinkhan et al. found wrist worn accelerometers performed
better in assessing TST and SE parameters than hip-worn accelerometers when compared to
PSG. Further, previous sleep actigraphy validation studies have placed the accelerometer on the

non-dominant wrist[21,28,89,90].

The sleep measures were calculated from raw actigraph data for each unit and stored in
epochs, which can range from 1 second to 5 minutes. The most validated and commonly used
epoch lengths for sleep are 30 seconds and 60 seconds[26]. The WARM Hearts study analyzed

the accelerometer data with a 60 second epoch length. Appendix 4 is the standardized operating
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procedures used to analyse the sleep data of each participant in the WARM Hearts study.
Actigraphy recordings were performed using GT3X+ activity monitors. Wrist actigraphy data
was downloaded and analysed using the ActiLife software (Version 6.13.4). The selection of the
algorithm used to assess sleep is dependent on the age of the participants. Since the participants
in WARM Hearts are females, aged 55 years or older, the Cole-Kripke Algorithm was used to
analyze sleep patterns as it has been used in studies for adults over the age of 30[29]. The Cole-
Kripke algorithm, built into the ActiLife software, was applied to the identified primary sleep
periods, and classified each minute of the sleep period as “sleep” or “wake”. The algorithm
calculates a movement average, which considers the activity level immediately prior to and after
the current minute to determine if each timepoint should be coded as sleep or wake. Estimates of
nightly sleep duration was derived from the summing of epochs classified as sleep by the Cole-
Kripke algorithm (minutes/night) during the defined primary sleep period. The Cole-Kripke
sleep algorithm was developed using the wrist worn accelerometers [29] and the placement is
supported by the Society of Behavioural Sleep Medicine (105). Using the Cole-Kripke algorithm
the participants sleep patterning was analysed by inputting the “In Bed Date”, “In Bedtime, “Out
Bed Date” and “Out Bedtime” for each of the 7 individual days that the participant wore the
actigraphy device (Appendix 4). Two separate files were created. The first file was the day to
day analysis of sleep; whereas, the second file was an average of the 7 days of data. The average

of the 7-day file was used to create the sleep quality and sleep duration variable.

Sleep duration was assessed by TST a sleep parameter determined by the minutes of
sleep between “lights off” and “lights on” or the duration of sleep during the major sleep
period[26]. TST was first analysed using the Cole Kripke Algorithm which predetermined times

for “lights off” and “lights on” based on the algorithms coding, with a wear time of at least 80%.
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This was then checked with the values provided on the Activity Monitor Log that participant
filled out for the 7-days of sleep recording to ensure that the ActiLife system had correctly
distinguished TST. The “lights off” and “lights on” were manually entered into the ActiLife
software based on the participants Activity Monitor Log information that the participants filled
out during the 7-day period if the values initially provided from the algorithm were incorrect.
Additionally, naps during the day were removed from the analysis, which may had been coded as

nighttime sleep from the Cole-Kripke algorithm

SE, an actigraphy sleep parameter, was analysed to assess sleep quality. This sleep
parameter is a good indicator for sleep quality and is obtained by dividing TST by total bedtime
and then multiplying by 100 to obtain a percentage[91]. Poor sleep quality was determined by a
percentage efficiency below 85%, which is a common cut-off value implied in making the

diagnosis of insomnia in adults[24].
Pittsburgh Sleep Quality Index

Participants were instructed to fill out a series of questionnaires. For the analysis of the
subjective sleep quality parameter, the total global score was determined. PSQI is a validated
questionnaire in community-dwelling older, diverse women [32]. The PSQI assesses the
participants usual sleep habits during the past month. The participants were instructed to fill out

this questionnaire and return it at the second and final appointment.
Resting Blood Pressure

At the scheduled second appointment resting/baseline BP was measured in accordance to
AHA guidelines and Hypertension Canada’s guidelines[65,92]. A BP cuff was attached to the

Mobil-O-Graph[93] and was placed on the participant’s arm, with an appropriate cuff size, while
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seated [65]. Two numbers were recorded when measuring resting BP. The higher number of the
two is systolic BP which represents the pressure in the heart when the left ventricle of the heart is
contracting. The lower number represents diastolic BP which represents the pressure in the heart
when the left ventricle is filling with blood.[94] BP was measured in millimeters of mercury
(mmHg) and recorded with the systolic number first, followed by the diastolic number.

According to the Hypertension Canada’s (2018) Guidelines[92], for BP values are as followed.

1. A BP value of 120/80 mmHg or less is considered normal in adults

2. A BP value of 120-139/80-89 mmHg is considered pre-hypertensive, potentially indicating a

development of future high blood pressure (hypertension)

3. A blood BP value of 140/90 mmHg or higher is classified as high BP and is considered to

increase your risk for cardiovascular and health complications.

Exaggerated blood pressure response to moderate intensity exercise

The magnitude of the rise in BP during exercise may be an indication of early risk for
developing hypertension, even if the participant’s resting BP is normal[66]. After the resting BP
was assessed, the participants were asked to perform 3 minutes of moderate exercise on a
treadmill at 4.8 km/h at 4% grade or 4 km/h at 6% grade, whatever the participant is able to
complete. Both are equivalent to 5 MET workload which is defined as a moderate intensity
workload. After the completion of the 3-minutes of moderate physical activity performed on a
treadmill, blood pressure was immediately taken (within 30 seconds) in a seated position. An
EBPR will be determined using previously published cut-off points. Researchers have chosen to
define an EBPR by absolute and relative levels of BP achieved after exercise[66]. Currently,

there is insufficient data to denote a definitive absolute and relative cut-off point regarding an
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EBPR. However, a previous study has demonstrated a positive association between submaximal
intensity exercise with an absolute systolic BP >150mmHg and hypertension[72]. The absolute
level of BP will be based on Schultz et al. (2016)[72] previous study. Additionally, according to
Sharman et al. (2015)[95], a normal relative SBP response is a rise that approximates 10 mmHg
(plus-or-minus-two) per MET. During the Bruce treadmill protocol, a normal SBP response to
the first stage, which is equivalent to 5 METS, of the test is generally 28mmHg for women[96].
For this thesis, a relative EBPR will be >40mmHg as the relative change from rest (LMET) to the

moderate intensity physical activity performed (5 METS) is 4 METs.
2.4 Statistics

Sleep duration assessed by TST (Sleep durationtst) was divided into three groups; 1)
normal sleep duration assessed by TST (normal sleep durationtsr); 2) short sleep duration
assessed by TST (short sleep durationTst), and; 3) long sleep duration assessed by TST (long
sleep durationtst). Since well established cut-offs of short and long sleep durationtst do not
exist, | defined sleep durationTst as a categorical variable. Sleep durationtst was coded in
categories of, <7 hours, >7-<9hrs, >9hrs. Sleep durationtst was also be analysed as a continuous
variable (Sleep durationcontinuous). For the blood pressure response category groups, an
exaggerated absolute blood pressure response (EBPRabsolute) Will be defined as >150 mmHg
compared to the typical absolute blood pressure response (typicalassolute) (<150 mmHg). An
exaggerated relative blood pressure response (EBPRrelative) was defined as >40 mmHg compared
to the typical relative blood pressure response (typicalrelaive) (<40 mmHg). To compare the
differences between binary variables without the contribution of confounding variables, a chi-
square test (for categorical variables) was utilized. For analysis, a chi-square was used to assess

the relationship (2X2) between short sleep durationtst and normal sleep durationrst against the
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blood pressure response category to 3 minutes of moderate physical activity, categorized as both
absolute and relative blood pressure response category. Long sleep durationtst was not be
included in the research study analysis because it is underpowered based on the 206 cohort. The
original plan was to assess short sleep durationtst and long sleep durationtst separately,
compared to normal sleep durationtst. This approach was going to be used because current
research has hypothesised that short and long sleep are potentially different risk factors mediated
by separate pathways[49]. The strength of the relationship between these variables were assessed
using a Phi coefficient. Additionally, sleep durationtst was assessed as a continuous variable in a
binary logistic regression to identify the association between sleep durationcontinuous and both

absolute and relative blood pressure response to 3-minutes of moderate physical activity.

Sleep quality was assessed using both objective and subjective assessment tools. The
objective sleep quality was based on SE (Sleep Qualityse), assessed by the ActiLife software and
coded either >85%, indicating adequate sleep Qualityse, or <85% indicating poor sleep
Qualityse. Due to the small sample size representing poor sleep Qualityse, SE was assessed

SEcontinuous. TO assess SEcontinuous, @ logistic regression model was used.

Subjective sleep quality was assessed based on PSQI score (Sleep Qualityrsaqi). Sleep
Qualitypsqi score was categorically coded as either >5, indicating poor sleep quality, or <5,
indicating adequate sleep quality. A chi-square was used to assess the relationship between sleep
qualityprsqi and the blood pressure response category. To assess the strength of association, a Phi

coefficient was used for the above, 2x2 variables.

A binary logistic regression model was used to predict an EBPRabsolute While controlling
for resting systolic blood pressure. The binary logistic regression for EBPRrelative did not include

controlling for resting systolic blood pressure since EBPRrelative Value is calculated by taking the
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difference between resting systolic blood pressure and systolic blood pressure post the 3 minutes
of moderate physical activity. To be included in the analysis for objective sleep variables, seven
nights of wear will be required. For all analyses, statistical significance was defined as a 2-tailed

P-value < 0.05. All analyses were conducted using SPSS software.

A subset of the WARM Hearts study participants had their sleep patterning and an EBPR
assessed. This study consists of 206 individuals. This sample allowed for a 20% difference in the
rate of an EBPR to be detected between those with poor and normal sleep pattering with a two-

tailed alpha of 0.05 and at a power of 80%.
Feasibility and potential pitfalls due to COVID-19

The global COVID 19 pandemic caused research in Manitoba to be paused as of March
24" 2020. The resulting impact of that research pause was that it limited the number of
participants data that | could access from the WARM Hearts cohort. Therefore, my thesis
examined data from the 206 participants who had valid sleep and BP response to physical

activity data collected prior to March 24", 2020.
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Chapter 3: Results

3.1 Overall Cohort Participant Characteristics

Two-hundred and six (206) females had valid data and were included in the cohort. The
mean age of the cohort was 64 + 6 years, where 87 participants were 65 years or older, with a mean
BMI of 26 + 5.0 kg/m?; while, 100% of the cohort identified as a women. Participants who lived
alone accounted for 16.5% of the cohort and participants who had completed post-secondary
education composed 79.6% of the cohort. Ex or current smokers composed of 48.5% of the cohort.
The mean age of menopause onset was 50 * 5.3 years in the cohort of 206 females. The mean
systolic blood pressure prior to the 3-minutes of the moderate physical activity was 119 + 13
mmHg, and resting heart rate of 73 = 14 bpm. The mean relative post-exercise blood pressure
response was 23 +17 mmHg, and the absolute mean was 142 + 23 mmHg. The mean HDL
cholesterol was 1.72 + 0.43, the mean LDL cholesterol level was 3.50 + 0.90 and total cholesterol
was 5.24 + 0.90. For this cohort, the mean Framingham Risk Score (FRS) 10-year risk was 6.64 +

4.13 which indicates a low CVD risk.

The mean for sleep duration based on TST calculated by ActiLife was 7.20 £ 0.92 hrs per
night and the mean sleep efficiency value was 91.6% + 3.5. Based off of the subjective PSQI
question, which asked “During the past month, how many hours of actual sleep did you get per
night?”, the mean sleep duration was 6.98 + 1.12 hrs/night. The mean PSQI score was 6.50 + 3.42
for the cohort of 206 participants. Baseline characteristics for the overall cohort are included in

Table 3.
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Table 3: Baseline Characteristics

Characteristics

Total Cohort
(n=206)

Age (years)

64+6

>65 years old, n (%)

87 (42.2%)

BMI (kg/m?)

26+5

Gender identity (woman)

206 (100%)

Living alone, n (%) 34 (16.5%)
PS education, n (%) 164 (79.6%)
Ex/Current Smoker, n (%) 100 (48.5%)
Menopause onset (years) 50.3+5.3
Resting systolic blood pressure (mmHQ) 119+13
Resting heart rate PA (bpm) 73+14
Relative PA blood pressure response (mmHQ) 23 +17
Absolute PA blood pressure response (mmHg) 142 £ 23
HDL cholesterol (mmol/L) 1.72+0.43
LDL cholesterol (mmol/L) 3.50 £ 0.90
Total cholesterol (mmol/L) 5.24 +0.90
FRS 10-year risk (%) 6.64 +4.13
TST (hours) 7.20+£0.92

Sleep Efficiency (%)

91.6% +3.49

Subjective TST (PSQI, hrs/night)

6.98 +1.12

PSQI score

6.50 £3.42

Poor quality PSQI cut-off, n (%)

118 (57.3%)

Continuous variables expressed as Mean * standard deviation Categorical Variables expressed as n (%).

BMI, Body Mass Index; PS, Post-secondary; BP, Blood pressure; PA, Physical Activity; FRS,
Framingham Risk Score; TST, Total Sleep Time; PSQI, Pittsburgh Sleep Quality Index
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3.2.1 Sleep Durationtst and Absolute Blood Pressure Category

In order to test hypotheses 1-4, | divided the cohort into three groups; namely (1) short
sleep duration defined as using accelerometer TST data; (2) normal sleep duration of >7 hrs to <9
hrs/night and (3) long sleep duration defined as > 9 hrs/night. Using previous research-based cut-
off values for sleep duration (TST)[22], the prevalence of short sleepers (<7 hrs/night) in the cohort
was 40.8%; whereas, 57.3% of the cohort were classified as normal sleepers (>7 hrs to <9

hrs/night) and 1.9% were classified as long sleepers (>9 hrs/night).

To test hypothesis 1, | utilized the groups (1) short sleep durationtst, defined as <7
hrs/night using accelerometer TST data; and (2) normal sleep durationtst, defined as >7 hrs to <9
hrs/night. Table 4 describes the demographic information for the short and normal sleep
durationtst groups. This analysis included a total of 202 participants out of the 206, as 4
participants were classified as long sleepers and were removed from this analysis comparing short
and normal sleep duration. T-tests were then used to examine differences in mean estimates of age,
BMI, heart rate post moderate exercise, menopause onset, resting systolic blood pressure, post-
secondary education, living arrangements, smoking status, HDL, LDL and total cholesterol, and
FRS 10-year risk score. No significant differences were identified between groups for BMI, heart
rate post-moderate exercise, menopause onset, post-secondary education, living arrangements,
smoking status, HDL, LDL, total cholesterol or FRS 10-year risk score. However, there was a
significant difference between short and normal sleep durationtst groups for age (p=.048) where

the short sleep durationtst group was older compared to the normal sleep durationtst group.
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Table 4. Participant Characteristics for Short and Normal Sleep Duration

Sleep Duration
Participant Characteristics | Short Sleep Duration | Normal Sleep Duration | P value
n (%) 84 (41.6%) 118 (58.4%)
Age, years 63+5.9 64+5.9 .048*
BMI, kg/m? 26.2+4.8 25.8+5.2 571
Heart rate post-moderate | 74 £ 14.6 73+13.6 .651
exercise, bpm
Menopause onset, years 51+3.9 50+5.9 344
Resting systolic blood 118 +12.1 119 +13.9 .569
pressure, mmHg
Post-secondary education, | 75 (89.3%) 113 (95.8%) 152
n (%)
Living arrangement 13 (15.5%) 20 (16.9%) 781
(alone), n (%)
Ex/current smoker, n (%) | 39 (46.4%) 60 (50.8%) 538
HDL cholesterol 1.65 + 0.46 1.77+£0.41 .053
LDL cholesterol 3.60 +0.92 3.41+0.88 140
Total cholesterol 5.27 £ 0.93 5.19 +0.88 .565
FRS 10-year risk 6.54 + 3.97 6.49 + 3.95 925
Continuous variables expressed as Mean + standard deviation. Categorical variables expressed
as frequency (percentage). Sample size= 202

Next, the cohort was divided into two groups based on those participants who presented
with either: (1) a Typicalabsolute blood pressure response to three minutes of moderate physical
activity; or (2) an EBPRabsoite to three minutes of moderate physical activity. Of the 206
participants from the full cohort, 134 (65%) participants had a Typicalabsoute blood pressure

response, where 72 (35%) participants had an EBPRabsolute.

Four groups were created based on the two variable of sleep durationtst and absolute blood
pressure response. Specifically, the groups were: (1) short sleeper durationtst with a Typicalabsolute
blood pressure response; (2) short sleep durationtst with an EBPRabsolute; (3) normal sleep
durationtst with a Typicalabsoiute blood pressure response; and (4) normal sleep durationtst with

an EBPRabsoiute. For the four groups created (Table 5), the demographic continuous variable data
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was explored by a 2-way ANOVA. The ANOVA identified a main effect between Typicalabsolute
and EBPRabsolute for age (p=.002), where the EBPRabsolute group were older than the Typicalabsolute
blood pressure group. The ANOVA also identified a main effect for HR post PA (p=<.001, BMI
(p=<.001) and AVG RBP (p=<.001), where the HR post PA, BMI and Avg RBP was higher
compared to the Typicalabsoiute blood pressure group. The sample used for the 2-way ANOVA,
which assessed the demographic data of the four groups included 202 participants. This sample

excluded the four participants who were classified as long sleepers.

The demographic categorical variable data, such as PS education, tobacco use and living
arrangements was explored by a chi-square analysis (Table 5). The sample used for the chi-square
analysis which assessed demographic data of the four groups included the 202 participants. This
sample excluded the four participants who were classified as long sleepers. No differences were

identified for PS education, living arrangements and tobacco use.
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Table 5. Participant Characteristics for CVD Risk (Absolute) and Sleep Duration Groups

Typicalabsolute | TYpicalapsoiwe | EBPRAbsolste | EBPRabsolute | Main effect | Main Interaction | Chi-
blood blood group & group & effect of square
pressure pressure short sleep | normal EBPRapsoiute | Sleep P value
response response durationtst | sleep durationtst P
group & group & durationrst | P value value
Short sleep normal sleep P value
durationtsr durationtsr

N (%) 57 (28.2%) 76 (37.6%) 27 (13.4%) | 42 (20.8%)

Age, years 61+5 64+6 66 £ 6 65+6 .182 147

HR Post PA | 72+ 15 70+ 12 79+14 7814 <.001* .636 770

(bpm)

PS 50 (88%) 73 (96%) 25 (93%) 40 (95%) 439

education, n

(%)

Living 7 (12%) 13 (17%) 6 (22%) 7 (17%) 704

arrangement

(Alone), n

(%)

Tobacco use | 24 (42%) 39 (51%) 15 (56%) 21 (50%) .631

(ex/current),

n (%)

BMI, kg/m? | 25.6 +4.2 24.1+34 276+57 |289+65 | <.000* 912 .055

Menopause 51+4 50+6 51+4 51+5 446 .652

onset, years

Avg RBP, 114+ 11 113+ 11 127+ 11 130 £13 <.001* 473 .237

mmHg

*denotes statistical significance. Abbreviation: HR, Heart Rate; PA, Physical Activity; PS, Post-secondary;
BMI, Body Mass Index; Avg, Average; RBP, Resting Blood Pressure. Sample size 202.

After exploring the demographic characteristics of the four groups, a chi-square test was

then used to assess the association between sleep durationtst and an EBPRabsolute 0f >150 mmHg

(Table 6). The chi-square did not identify differences in the frequency of distribution between any

of the four groups.

Table 6. Frequency Distribution of Absolute Blood Pressure Response and Sleep Durationtst

Typicalabsoe  blood | EBPRAbsolute P Value?
pressure response
TST (Literature)
<7hrs 57 27 .610
>7hrs-<9hrs | 76 42

aChi-square P values comparing the distribution between typical absolute blood pressure
response and exaggerated absolute blood pressure response. Total sample size 202
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The second method used to assess the association between sleep durationtst and an
EBPRAbsolute Was a logistic regression analysis (Table 7). The logistic regression was used to
predict the risk of having exaggerated blood pressure response based on observed sleep
durationtst (short sleep durationtst vs. normal sleep durationtst) characteristics. The unadjusted
logistic regression model was not significant. The logistic regression model was then adjusted to
control for Avg RBP. The logistic regression model controlling for Avg RBP did not identify a
statistically significant odds ratio for sleep durationtst. Avg RBP was significant where the odds
of having an EBPRabsolute Was 1.128 (1.089-1.170) higher compared to having a typical absolute

blood pressure response.

Table 7: Logistic Regression Models with Absolute Blood Pressure Response and Sleep
Durationtst

Outcome Variable Absolute Blood Pressure Response
B OR 95% ClI P-Value
Univariate
Sleep durationTtst (short | -.154 .857 A474-1.551 .610
vs normal)
Multivariate
Sleep durationTst (short | .049 1.050 .516-2.138 .893
vs normal)
Average RBP 121 1.128 1.089-1.170 .000*

*denotes statistical significance. OR, Odds Ratio; RBP, Resting Blood Pressure; TST, Total
Sleep Time
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Hypothesis 1 was rejected, as both the chi-square and logistic regression statistical
approaches found no association between sleep durationtst (short vs normal sleep durationtst) and
an EBPRabsoiute in the cohort of females aged 55 years and older. When Avg RBP was controlled
for in the logistic regression model, there was also no association between the Sleep durationtst

and the EBPRAabsolute in @ cohort of females 55 years or older.

3.2.2 Sleep Durationtst and Relative Blood Pressure Category

Using the same approach described for hypothesis 1, sleep durationtst was divided into
three groups; namely (1) short sleep durationtst defined as <7 hrs/night using accelerometer TST
data; (2) normal sleep durationtst of >7 hrs to <9 hrs/night and (3) long sleep durationtst defined
as >9 hrs/night. In order to test hypothesis 2, two of the groups were utilized; namely (1) short
sleep durationtst defined as <7 hrs/night using accelerometer TST data; and (2) normal sleep
durationtst of >7 hrs to <9 hrs/night. Table 4 describes the demographic information for the short

and normal sleepers.

The cohort of 206 participants was also divided into two groups based on relative blood
pressure response group category of (1) Typicalrelative blood pressure response to three minutes of
moderate physical activity; and (2) EBPRRrelative t0 three minutes of moderate physical activity. Of
the 206 of the full cohort, 177 (85.9%) had a Typicalrelaive blood pressure response, where 29

participants (14.1%) had an EBPRRelative.

Four groups were created based on the two variable of sleep durationtst and absolute blood
pressure response were (1) short sleep durationtst with a typicalrelative blood pressure response; (2)
short sleep durationtst with an EBPRrelative; (3) normal sleep durationtst with a typicalreiative blood

pressure response; and (4) normal sleep durationtst with an EBPRrelative. FOr the four groups
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created (Table 8), the demographic continuous variable data was explored by a 2-way ANOVA.
There was a significant difference for the main effect between typicalrelative and EBPRrelative fOr age
(p=.002), and BMI (p=.004). The EBPRRelative group were older and had a higher BMI compared
to the Typicalreative group. The sample used for the 2-way ANOVA, which assessed the
demographic data of the four groups included 202 participants. This sample excluded the four

participants who were classified as long sleepers.

The demographic categorical variable data, such as PS education, tobacco use and living
arrangements was explored by a chi-square analysis (Table 8). The sample used for the chi-square
analysis which assessed demographic data of the four groups included 202 participants. This
sample excluded the four participants who were classified as long sleepers. No differences were

identified for PS education, living arrangements and tobacco use.
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Table 8. Participant Characteristics for CVD Risk (Relative) and Sleep Duration Groups

Typicalrelative | Typicalieiaive | EBPRRelative | EBPRRetative | EBPR Sleep Interaction | Chi-square
blood blood & short & normal Relative durationrst | P value P value
pressure pressure sleep sleep P value | P value
response & | response & | durationrst | durationrsr
Short sleep | normal
durationrst | sleep
durationtsr
N (%) 70 (34.7%) | 104 (50.0%) | 14 (6.9%) | 14 (6.9%)
Age, years 68+7 66+6 62+5 64+6 .002* 751 079
HR Post PA, | 76 + 15 78+ 12 74+15 72+14 .150 932 642
bpm
PS education, | 63 (90%) 100 (96%) | 12 (86%) 13 (93%) .366
n (%)
Living 8 (11%) 18 (17%) 5 (36%) 2 (14%) .158
arrangement
(Alone), n (%)
Tobacco use | 32 (46%) 52 (50%) 7 (50%) 8 (57%) .868
(ex/current),
n (%)
BMI, kg/m? 25.7+4.4 25.5+4.38 286+6.0 |285+74 | .004* 842 .930
Menopause 51+4 50+6 51+4 50+5 .897 411 .876
onset, years
Avg RBP, 118+ 13 119+13 122+ 10 124 +18 103 594 939
mmHg

*denotes statistical significance. Abbreviation: HR, Heart Rate; PA, Physical Activity; PS, Post-
secondary; BMI, Body Mass Index; Avg, Average; RBP, Resting Blood Pressure. Sample size 202,

After exploring the characteristics of the four groups, a chi-square test was then used to
assess the association between Sleep durationtst and an EBPRyelative 0f >150 mmHg (Table 9). The

chi square test did not identify significant differences between any of the four groups.

Table 9. Frequency Distributions of Relative Blood Pressure and Sleep DurationTst

Typicalrelative blood | EBPRRelative P Value?
pressure response
TST (Literature)
<7hrs 70 14 .330
>7hrs-<9hrs | 104 14
aChi-square P values comparing the distribution between typical relative blood pressure
response and exaggerated relative blood pressure response. Sample size (202)
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The second method used to assess the association between sleep durationtst and an
EBPRrelative Was a logistic regression analysis (Table 10). The univariate logistic regression
model did not detect statistically significant odds ratio for unadjusted sleep durationtst (short
and normal sleep durationtst). The association between sleep durationtst and an EBPRrelative Was
not included in a multivariate logistic regression controlling for Avg RBP since the relative
blood pressure category group was calculated based on the difference between resting systolic
blood pressure prior 3-minutes to moderate physical activity and the post-moderate physical

activity systolic blood pressure.

Table 10: Logistic Regression Model with the Relative Blood Pressure Response Group

Outcome Relative Blood Pressure Response

B OR 95% ClI P-Value
Univariate
Sleep durationTst .396 1.486 .667-3.308 332
(shortvsnormal)

*denotes statistical significance. OR, Odds Ratio; TST, Total Sleep Time

Hypothesis 2 was rejected, as both the chi-square and logistic regression statistical
approaches found no association between sleep durationrst (short vs normal sleep durationtsr)

and an EBPRRelaiive in the cohort of females aged 55 years and older.

3.3.1 Sleep Durationtst (Normal & Long Sleep Duration) Absolute and Relative Blood Pressure

Cateqgory

In order to test hypothesis 3 and 4, | utilized the groups (1) normal sleep durationtst of >7

hrs to <9 hrs/night; and (2) long sleep durationtst of >9 hrs/night. Due to the COVID-19 pandemic,
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I was unable to recruit the 400 participants that | had originally planned to include in the analysis;
rather, a cohort of 206 participants was analyzed. Participants who were classified as Long sleep
durationtst which accounted for only 1.9% of the cohort. Statistical testing was underpowered for
hypothesis 3 and 4. As a result, they were not examined in my thesis. Hypotheses 3 and 4 will be
examined at a future time using the full 1000 participants from the overall WARM Hearts trial

after its completion.

3.4.1 TSTcontinuous and Absolute Blood Pressure Category

Analyses that were identified after the writing of my thesis proposal were developed and
will be addressed in the following section. In the first analysis, | used TST as a continuous variable
(TSTecontinuous), Which is a similar approach found in Full et al.[19] The mean TST for this cohort
was 7.20 + 0.92 hrs/night. The cohort was divided into two groups based on absolute blood
pressure response category (1) Typicalabsolute blood pressure response to three minutes of moderate

physical activity; and (2) EBPRabsolute t0 three minutes of moderate physical activity.

The method used to assess the association between TSTcontinuous and an EBPRAbsolute Was a
logistic regression analysis (Table 11). In the univariate logistic regression model, TSTcontinuous
did not have statistically significant odds ratio. In the multivariate model, TSTcontinuous after
controlling for Avg RBP did also not have statistically significant odds ratios. Avg RBP was
found to be statistically significant where the odds were of having an EBPRrelative Were 1.132
(C1£1.092-1.173) higher when the average RBP was higher prior to the moderate bout of

physical activity.
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Table 11: Logistic Regression Models with Absolute Blood Pressure Response Category and
TST continuous

Outcome Absolute Blood Pressure Response

B OR 95% ClI P-Value

Univariate model

TSTcontinuous -.025 975 .7114-1.332 874

Multivariate model

TSTcontinuous -.086 918 .642-1.314 .640

Avg RBP 124 1.132 1.092-1.173 .000*

*denotes statistical significance. OR, Odds Ratio; TST, Total Sleep Time; RBP, Resting Blood
Pressure

Based on both the chi-square and logistic regression statistical approaches, this additional
analysis found no association between TSTcontinuous, and an EBPRabsolute in the cohort of females

aged 55 years and older.

3.4.2 TSTcontinuous and Relative Blood Pressure Category

Using the same approach used in section 3.4.1, in this additional analysis | used TST as a
continuous variable (TSTecontinuous). The mean TST for this cohort was 7.20 + 0.92 hrs/night. The
cohort was divided into two groups based on relative blood pressure category (1) typicalrelative
blood pressure response to three minutes of moderate physical activity; and (2) EBPRelative to three

minutes of moderate physical activity.

The method used to assess the association between TSTcontinuous and an EBPRAbsolute Was a
univariate logistic regression analysis (Table 12). In this model, the univariate logistic regression

model did not detect statistically significant odds ratio for TSTcontinuous.
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Table 12: Logistic Regression Models with Relative Blood Pressure Response Category and
TST continuous

Outcome Relative Blood Pressure Response

B OR 95% ClI P-Value

Univariate Logistic Regression

T ST continuous -.350 .705 461-1.077 .106

*denotes statistical significance. OR, Odds Ratio; TST, Total Sleep Time

Based on both the chi-square and logistic regression statistical approaches, this additional
analysis found no association between TSTecontinuous, and an EBPRyelative in the cohort of females

aged 55 years and older.

3.5.1 Sleep Qualityse (Poor and Adequate Sleep Quality) Absolute and Relative Blood Pressure

Category

In order to test hypothesis 5 and 6, | divided the cohort into two groups; namely (1) poor
sleep quality of a SE <85%; and (2) adequate sleep quality >85%. Due to the COVID-19 pandemic,
I was unable to recruit the 400 participants that | had originally planned to include in the analysis;
rather, a cohort of 206 participants was analyzed. The mean sleep efficiency value was 91% (95%
Cl £ 3.49), well above the sleep efficiency cut-off value. Based on previous research-based cut-
off values for SE, the prevalence of participants with poor sleep quality in the cohort was 4.9%;
whereas, 95.1% of the cohort were classified as adequate sleep quality. Statistical testing was
underpowered for hypothesis 5 and 6. As a result, they were not examined in my thesis. Hypotheses
5 and 6 will be examined at a future time using the full 1000 participants from the overall WARM

Hearts trial after its completion.
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3.6.1 SEcontinuous and Absolute Blood Pressure Category

Analyses that were identified after the writing of my thesis proposal were developed and will
be addressed in the following section. In the first analysis, | used SE as a continuous variable
(SEcontinuous). The mean sleep efficiency value was 91% =+ 3.49. The cohort was also divided into
two groups based on absolute blood pressure category (1) Typicalabsolute blood pressure response
to three minutes of moderate physical activity; and (2) EBPRabsolute t0 three minutes of moderate

physical activity.

The method used to assess the association between SEcontinuous and an EBPRAbsolute Was a
logistic regression analysis (Table 13). The univariate logistic regression models did not detect
statistically significant odds ratio for unadjusted SEcontinuous. A multivariate logistic regression
was then used to control for Avg RBP; however, it did not detect a statistically significant odds
ratio for SEcontinuous. However, Avg RBP was statistically significant in the multivariate model
where presenting with an having a higher RBP prior to the 3-minutes of moderate physical

activity increased the odds of presenting with an EBPRabsolute by 1.133 (C1+1.093-1.175).
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Table 13: Logistic Regression Models with Absolute Blood Pressure Response Category and
SEcontinuous

Outcome Absolute Blood Pressure Response
B OR 95% ClI P-Value

Univariate
SEcontinuous .019 1.019 .938-1.108 .657
Multivariate
SEcontinuous .054 1.055 .953-1.168 299
Avg RBP 125 1.133 1.093-1.175 .000*
’I;denotes statistical significance. OR, Odds Ratio. SE, Sleep Efficiency; RBP, Resting Blood

ressure

Based on the logistic regression statistical approaches, this additional analysis found no
association between SEcontinuous, and an EBPRabsolute In the cohort of females aged 55 years and
older. When Avg RBP was controlled for in the logistic regression model, there was also no
association between the Sleep durationtst and the EBPRabsoiute in @ cohort of females 55 years or

older

3.6.2 SEcontinuous and Relative Blood Pressure Category

Using the same approach used in section 3.6.1, in this additional analysis | used SE as a
continuous variable (SEcontinuous). The mean sleep efficiency value was 91% =+ 3.49. The cohort
was also divided into two groups based on relative blood pressure category (1) typicalrelative blood
pressure response to three minutes of moderate physical activity; and (2) EBPRreiative t0 three

minutes of moderate physical activity.
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The method used to assess the association between SEcontinuous and an EBPRyelative Was a
logistic regression analysis (Table 14). The univariate logistic regression models did not detect

statistically significant odds ratio for unadjusted SEcontinuous.

Table 14: Logistic Regression Models with Relative Blood Pressure Response Category and
SEcontinuous

Outcome Relative Blood Pressure Response

B OR 95% ClI P-Value
Univariate
SEcontinuous 022 1.022 .910-1.148 715

*denotes statistical significance. OR, Odds Ratio. SE, Sleep Efficiency

Based on the logistic regression statistical approaches, this additional analysis found no

association between SEcontinuous and an EBPRrelative in the cohort of females aged 55 years and older.

3.7.1 Sleep Qualityrsoi and Absolute Blood Pressure Category

Previous research has utilized a PSQI score of >5 as an indication that participants had poor
sleep quality. Therefore, in order to test hypothesis 7, I divided the cohort into two groups;
namely (1) poor sleep quality of a PSQI score >5 and (2) adequate sleep quality defined by a
PSQI score <5. Using this metric, 57.3% (118 of the 206 participants in the cohort) were
classified as having poor sleep qualityrsqi and 88 individuals were classified as having adequate

sleep qualitypsq.

To further categorize the 188 participants who had poor sleep qualityrsqi, it was determined
that 54 were classified as short sleeperstst, 62 were classified as normal sleeperstsr, and 2

individuals were classified as long sleeperstst based on the PSQI total score. Of the 88
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individuals who had proper sleep qualitypsq, it was further determined that 30 participants were
classified as short sleeperstst, 56 were classified as normal sleeperstst and 2 participants were

scored as long sleepersrtsr.

To test hypothesis 7, | incorporated the groups (1) poor sleep qualityrsqi of a PSQI score
>5 and (2) adequate sleep qualityrsqi <5. T-tests were used to examine differences in mean
estimates of age, BMI, heart rate post moderate exercise, menopause onset, resting systolic blood
pressure, post-secondary education, living arrangements, smoking status, HDL, LDL and total
cholesterol, and FRS 10-year risk score. No significant differences between age, BMI, heart rate
post-moderate exercise, menopause onset, resting systolic blood pressure, post-secondary
education, living arrangements, smoking status, HDL, LDL and total cholesterol, or FRS 10-year
risk score were identified. Table 15 describes the demographic information for the adequate sleep

qualitypsqi and poor sleep qualityesq.
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Table 15. Participant Characteristics for PSQI Score

PSQI Score
Participant Adequate Sleep Qualitypsa Poor Sleep Qualitypsql p value
Characteristics
N (%) 88 (42.37) 118 (57.3%)
Age, years 64 +£6.5 64 +5.8 A74
BMI, kg/m? 25446 26.4+5.3 156
Heart rate post- 72 £14.7 746 £13.3 179
moderate physical
activity, bpm
Menopause onset, | 50+5.2 505+54 556
years
Resting systolic 118 +12.7 120.2 £ 13.7 242
blood pressure,
mmHg
Post-secondary 83 (94.3%) 107 (90.7%) 438
education, n (%)
Living arrangement | 12 (13.6%) 22 (18.6%) 341
(alone), n (%)
Ex/current smoker, | 39 (44.3%) 61 (51.7%) 297
n (%)
HDL cholesterol 1.77 £0.45 1.68+£0.41 117
LDL cholesterol 3.42 +0.90 3.55+0.91 312
Total cholesterol 5.18 £ 0.92 5.28 £ 0.88 429
FRS 10-year risk 6.16 + 3.65 6.99 +4.43 143

Continuous variables expressed as Mean + standard deviation. Categorical variables expressed
as frequency (percentage).

The cohort was also divided into two groups based on absolute blood pressure category (1)
Typicalabsolue blood pressure response to three minutes of moderate physical activity; and (2)
EBPRAabsolute t0 three minutes of moderate physical activity. Of the full cohort of 206 participants,
134 (65%) participants had a typicalabsolute blood pressure response, where 72 (35%) participants

had an EBPR absolute.

Four groups were created based on the two variables of sleep qualityrsoi and absolute blood
pressure response. The four groups created were (1) Poor sleep qualityrsqi with a typicalabsoiute

blood pressure response; (2) Adequate sleep qualityrsq with a typicalabsote blood pressure
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response; (3) Poor sleep qualityrsqi with an EBPRabsolute; and (4) Adequate sleep qualitypsqr with

an EBPRabsolute. FOr the four groups created (Table 16), the demographic continuous variable data

was explored by a 2-ANOVA. There was a significant difference for the main effect between

typicalabsolute and EBPRretative blood pressure response for age (p=.001), heart rate post moderate

exercise (p=<.001), BMI (p=<.001) and average resting systolic blood pressure (p=<.001). The

EBPRabsolute blood pressure category group was older and had a higher BMI compared to the

typicalabsolute blOOd pressure category.

The demographic categorical variable data, such as PS education, tobacco use and living

arrangements was explored by a chi-square (Table 16). No differences were identified for PS

education, living arrangements and tobacco use.

Table 16: Participant Characteristics for CVD Risk (Absolute) and Sleep Quality Groups

Typicalasotte | TypiCalassolte | EBPRabsolute | EBPRabsowute | Sleep BP Interaction | Chi-square
blood blood & Poor | & Adequate | qualitypsqr | response | P value P value
pressure pressure sleep sleep score P value
response & | response & | qualitypsor | qualityesqr | P value
Poor sleep | Adequate
qualitypso sleep
qualityp3Q|
N (%) 75 (36.4) 59 (28.6%) | 43 (20.9) 29 (14.1)
Age, years 68 +7 66 £ 6 62+5 64+ 6 419 .001* .980
HR Post | 76 £ 15 78+12 74 £15 72114 516 <.001* | .081
PA, bpm
PS 68 (91%) 56 (95%) 39 (91%) 27 (93%) .859
education, n
(%)
Living 12 (16%) 8 (14%) 10 (23%) 4 (14%) .580
arrangement
(Alone), n
(%)
Tobacco 49 (65%) 36 (61%) 12 (28%) 3 (10%) 561
use
(ex/current),
n (%)
BMI, kg/m? | 28.6 £ 6.0 285+74 25.7+44 25.5+4.38 126 <.001* | .373
Menopause | 51+4 50+5 51+4 50+ 6 341 .980 178
onset, years
Avg RBP, | 122+ 10 124 +18 118 £ 13 119+ 13 438 <.001* | .457
mmHg
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*denotes statistical significance. Abbreviation: HR, Heart Rate; PA, Physical Activity; PS, Post-
secondary; BMI, Body Mass Index; Avg, Average; RBP, Resting Blood Pressure. Sample size 206.

The chi-square test did not identify significant differences between any of the four groups.

Summary information for the chi-square analysis is present in Table 17.

Table 17. Frequency Distribution of Absolute Blood Pressure Response and Sleep Qualitypsor

Typicalabsoute  blood | EBPRAbsolute P Value?
pressure response

PSQI score

>5 29 43 .604

<5 59 75

aChi-square P values comparing the distribution between typical absolute blood pressure
response and exaggerated absolute blood pressure response. Sample size (n=206)

The second method used to assess the association between sleep qualityrsqi and an
EBPRabsolute Was a logistic regression analysis (Table 18). The univariate logistic regression
models did not detect statistically significant odds ratio for unadjusted Sleep qualitypsqi. For the
multivariate model, when controlling for Avg RBP, Sleep qualityrsqi was also not statistically
significant. However, Avg RBP was statistically significant in the multivariate model where
presenting with an having a higher RBP prior to the 3-minutes of moderate physical activity

increased the odds of presenting with an EBPRabsolute by 1.132 (CI £1.092-1.174).
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Table 18: Logistic Regression Models with Absolute Blood Pressure Response Category and
Sleep Qualitypsql

Outcome Absolute Blood Pressure Response

B OR 95% ClI P-Value
Univariate
Sleep qualitypsar -.154 857 479-1.533 604
Multivariate
Sleep qualitypsar 079 1.082 531-2.208 828
RBP 124 1.132 1.092-1.174 .000*
*denotes statistical significance. OR, Odds Ratio; PSQI, Pittsburgh Sleep Quality Index; RBP,
Resting Blood Pressure

Hypothesis 7 was rejected, as both the chi-square and logistic regression statistical
approaches found no association between sleep qualitypsoi and an EBPRabsoiute in the cohort of
females aged 55 years and older. When Avg RBP was controlled for in the logistic regression
model, there was also no association between the sleep qualityrsqi and the EBPRabsolute in @ cohort

of females 55 years or older.

3.7.2 Sleep Qualityrsoi and Relative Blood Pressure Category

Using the same approach described in section 3.7.1 for hypothesis 7, in order to test
hypothesis 8, | divided the cohort into two groups; namely (1) poor sleep qualityrsor of a PSQI
score >5 and (2) adequate sleep qualityrsoi <5. Table 18 previously describes the demographic

information for the adequate sleep qualityrsqi and poor sleep quality psqi.

The cohort was also divided into two groups based on relative blood pressure response

category (1) typicalreiative blood pressure response to three minutes of moderate physical activity;
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and (2) EBPRrelative to three minutes of moderate physical activity. Of the 206 participants, 177
(85.9%) had a typicalrelative blood pressure response, where 29 participants (14.1%) had an

EBPRreIative.

Two methods were used to assess the association between sleep qualityrsqr and an
EBPRrelative. The first method was a chi-square analysis, where four groups were created. For the
four groups created in the chi-square analysis, the demographic continuous variable data was
explored by an ANOVA and a chi-square analysis was used to examine the demographic
categorical variable data (Table 19) such as PS education, tobacco use and living arrangements.
The four groups created were (1) Poor sleep qualityrsqi with a typicalreiaive blood pressure
response; (2) Adequate sleep qualityrsqi with a typicalrelative blood pressure response; (3) Poor sleep

qualitypsqi with a EBPRyrelative; and (4) Adequate sleep qualitypsqi with an EBPRrelative.

The 2-way ANOVA was used to determine significant main effects of sleep qualityrsqiand
EBPRrelaiive and the interaction effects among the 4 groups. There was a significant difference for
the main effect between typicalrelative and EBPRyelative for age (p=<.001), and BMI (p=.035), where
the EBPRelative group were older and had a higher BMI compared to the typicalreiative group. There
was also a significant difference for the main effect between poor and adequate sleep quality
(p=.0.45) for age, where the poor sleep qualityrsqi group were older than the adequate sleep
qualitypsqi group. The chi-square that was used to compare the characteristics for the 4 groups for
categorical data found no differences were identified for PS education, living arrangements and

tobacco use.
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Table 19: Participant Characteristics for CVD Risk (Relative) and Sleep Qualityrsqi Groups

Typicalrelaive | TYpicalretative EBPRelative | EBPReaiive | Sleep BP Interaction | Chi-square
blood blood pressure | & Poor & qualitypsqi | response | P value P value
pressure response & sleep Adequate | score P value
response & | Adequate qualitypsor | sleep P value
Poor sleep sleep qualitypsol
qualitypsQ| qualityp5Q|
N (%) 96 81 22 7
Age 63+6 64+6 66+ 6 71+9 .045* <.001* | .115
HR Post PA | 74+ 14 71+14 76+12 82+12 593 .051 116
PS 88 (92%) 77 (95%) 19 (86%) | 6 (86 %) 480
education
Living 16 (17%) 11 (14%) | 6 (27%) 1 (14%) 497
arrangement
(Alone)
Tobacco use | 49 (51%) 36 (44%) 12 (55%) | 3 (43%) .755
(ex/current)
BMI 25.8+45 25.3+4.7 29.1+73 | 26721 | .195 .035* .385
Menopause | 51+6 50+5 50+4 48+8 230 .297 317
onset
Avg RBP 120+ 14 118+ 13 123+ 14 124 +13 870 125 .594

*denotes statistical significance. Abbreviation: HR, Heart

Rate; PA, Physical Activity; PS, Post-
secondary; BMI, Body Mass Index; Avg, Average; RBP, Resting Blood Pressure. Sample size 206.

The chi-square test did identify significant differences between the four groups (p=.029).

Summary information for the chi-square analysis is present in Table 25.

Table 20. Frequency Distributions of Relative Blood Pressure and Sleep Qualitypsqi

Typical relative EBPRyelative P Value?
blood  pressure
response

PSQI score

>5 96 22 .029*

<5 81 7

Abbreviation: SE, standard error. 2Chi-square P values comparing the distribution between

typical relative blood pressure response and exaggerated relative blood pressure response.

The second method used to assess the association between sleep qualityrsqr and an

EBPRrelative Was a logistic regression analysis (Table 21). The univariate logistic regression

models did detect statistically significant odds ratio for unadjusted Sleep qualityesqi, where
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having a higher Sleep qualityrsor score decreased your odds of having an EBPRelative by 0.337

(95% CI = 0.153-0.93).

Table 21: Logistic Regression Model with Relative Blood Pressure Response Category and

Sleep Qualitypsal

Outcome Relative Blood Pressure Response

B OR 95% ClI P-Value
Univariate
Sleep qualitypsaoi 975 377 .153-.928 .034*

*denotes statistical significance. OR, Odds Ratio; PSQI, Pittsburgh Sleep Quality Index

Hypothesis 8 was accepted, as both the chi-square and logistic regression statistical

approaches found an association between sleep qualityrsor score and an EBPReretative in the cohort

of females aged 55 years and older.

69



Chapter 4: Discussion

4.1 Sleep Patterning and EBPR Category Summary

Resting blood pressure values have previously been reported to be elevated in
populations with poor sleep patterning. However, the potential association between EBPR to 3-
minutes of moderate physical activity and sleep patterning remains unknown, with no previous
research found that addresses this knowledge gap. Therefore, | have examined this relationship
in an all-female cohort, 55 years of age or older. This issue is important to examine because it is
essential to determine if sleep patterning effects CVD risk, which in this project is being
measured through the presence of an EBPR. Other researchers have reported that EBPR may
better detect the risk for future hypertension or CVD than does conventional resting blood
pressure measurement[38,62]. If an association between sleep patterning and EBPR is present,
then healthcare professional can provide interventions to alter poor sleeping patterns to reduce
future risk for cardiovascular complications and adverse events in older aged females. Therefore,
the primary objective of my thesis were to determine if sleep patterns associate with an EBPR to
3-minutes of moderate physical activity in a cohort of women 55 years of age and older. A

summary of existing research and my thesis project findings summary is represented in Figure 4.
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Figure 4: The Association Between Sleep Pattering and Blood Pressure Progression in Existing
Research (Panel A) and My Thesis Research Project (Panel B)

A

High Blood
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Sleep Duration
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Represented in Figure 4, Panel A is the common pathway observed for blood pressure
progression in the existing literature. My research supports the existing research, as demonstrated
in Figure 4 (Panel B). This figure starts with a normotensive response in individuals and
progresses to individuals who are normotensive but demonstrate an EBPR to moderate physical
activity. The EBPR is situated before the hypertensive response because individuals may be
normotensive, but when the system is presented with an external stressor, such as 3-minutes of
moderate physical activity, the body is unable to buffer the stressor, leading to an increase in
sympathetic nervous system and blood pressure. Progressing forward in the model, individuals
who are unaware of this EBPR may progress to high blood pressure or the diagnosis of

hypertension, progressively leading to other diagnoses of CVD.

Figure 4 also describes how sleep patterning is categorized within the existing research as
well as in my research project which replicates this approach using EBPR rather than
determining the relationship with RBP. Sleep patterning has been assessed using both sleep

duration and sleep quality. Specifically, sleep duration in my research project was assessed using
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TST, assessed by accelerometry and further categorized into short, normal, and long sleep
duration. Additionally, sleep quality was assessed using both an objective and subjective method.
For objective sleep quality, the most typically used method in current research, beside the gold
standard PSG, is using accelerometry based SE which was categorized as >85% (adequate sleep
quality) and <85% (poor sleep quality). The subjective method used for sleep quality was the
PSQI global score which was categorized as a score <5 (adequate sleep quality and >5 (poor

sleep quality).

Previous research has demonstrated the association between sleep patterning and
diagnosed hypertension based on resting blood pressure or CVD[97,98,98-101]. Significant
associations have been found in existing research, where the prevalence of hypertension is
associated with sleep duration, assessed by TST, objective SE and subjective PSQI
score[79,98,102-105],(Figure 4, Panel A), which is demonstrated using gray arrows. Current
research excludes the association between sleep patterning and an EBPR, which is represented
with green and red arrows in Figure 4, Panel B, which indicates the knowledge gap in research.
My research addressed the knowledge gap to see if sleep patterning is associated with an EBPR,
which may earlier detect CVD risk in females over the age of 55 years. The overall findings are
demonstrated in Figure 4, Panel B for my research project, where no association was found in
regards to the association between objectively measured TST as a categorical variable (short vs
normal sleep durationtst) and a continuoustst variable or SE as a continuous variable and EBPR
categories demonstrated by a red arrow with a closed end. However, there was an association
found between PSQI and a relative EBPR which is demonstrated by a green arrow. Further

information about the findings of my research project is described in section 4.2, 4.3, and 4.4.

4.2 Sleep DurationTst and blood pressure response category groups
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There is a paucity of information about the association between sleep durationtst and
EBPR category groups. An EBPR to moderate physical activity may be a more sensitive
approach to detect CVD risk and autonomic dysfunction then resting blood pressure. My
research addressed this knowledge gap looking at the difference between sleep patterning, more
specifically sleep durationtst and an EBPR category groups. The mean total sleep time in hours
was 7.20 hrs, which falls in the previously described normal sleep duration cut-off[23]. The
overall trend of sleep duration was skewed towards what is typically described as short sleep
duration, which varies compared to previous studies assessing sleep duration, which typically
follows a normal distribution of short, normal and long sleep duration. Based on the t-test,
participants who had normal sleep duration were older, compared to participants who had short

sleep duration.

My thesis findings do not support previous studies,[48,53,79,106] which report that people
with short sleep duration have a greater risk for hypertension. These difference may have been
caused by using RBP to assess this risk of hypertension, where this thesis used EBPR to assess
CVD risk. For example, the 10-year CVD risk was low in the cohort based on the FRS. This may
have been due to the sampling method used to recruit participants, where the overall WARM
Hearts study used a convenience sampling method. This may have led to the recruitment of

participants who are health consumers and more health conscientious.

Finding no associations between sleep durationtst and EBPR category, we can not assume
that sleep durationtst and EBPR are associated and that using an EBPR will better clinically
assess CVD risk. Even so, it is important to acknowledge that with a larger sample size, the
association between sleep durationtst and EBPR may be present. In a study by Gottlieb et al.

which assessed the association between subjective sleep duration and hypertension in a

73



population of 5910 participants (2813 men, 3097 women). 1749 participants (29.6%) were
classified as having short sleep duration of < 7 hours per night. It was found that participants
who had short sleep duration were associated with having hypertension. Although this study uses
subjective sleep duration methods, it demonstrates the importance of using large sample sizes

and significantly high-powered groups to find associations that may be present.

Although no current research has addressed the association between sleep durationtst and
an EBPR, previous research has looked at the association between sleep duration and
hypertension, most typically measured through resting blood pressure. Sleep duration is strongly
associated with cardiovascular disease risk, and more specifically blood pressure regulation. Two
cross-sectional studies found short sleep duration to be associated with hypertension prevalence
only in female subjects[103,106]. However, Bansil et al. demonstrated that in a cohort of 10,308
participants, there was no significant association among adults with short sleep duration
(<7hrs/night) and hypertension[107]. These contraindicatory findings may be due to

inconsistencies in sleep duration definition and the methods used to assess sleep duration

4.3 Sleep Efficiencycontinuous and blood pressure response category groups

My research addressed this knowledge gap looking at the difference between sleep
patterning, more specifically sleep efficiency assessed by accelerometry and an EBPR category
groups. My research generated data that differed from literature previously published. For
example, in previous research, the sleep efficiency score assessed by accelerometers has been
captured using a categorical approach of >85% or <85%. Due to the fact that the overall sample
size of this cohort was limited due to the COVID-19 pandemic, | was unable to include this
approach of using a sleep efficiency as a categorical variable. | made the decision to move

forward with analyzing SE as a continuous variable, which is less often used in current research.
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My work reports that there was no significant association between sleep efficiencycontinuous and
the blood pressure response group (absolute or relative). The mean sleep efficiency score of this
cohort of females over the age of 55 years was 91.6% = 3.49, which is well over the cut-off point
of adequate sleep quality (>85%). The high sleep efficiency score in this population may have
been because the trend of sleep duration was skewed toward the short sleep duration cut-off.
Future analysis, using the full WARM Hearts cohort (n=1000) will be better powered to assess

the relationship between SE, using the categorical cut-off, and EBPR category groups.

Recent studies suggest that sleep quality, independent of sleep duration, may play an
important role in blood pressure regulation[98,108,109]. The measurements of objective sleep
quality has been positively associated with hypertension, such as lower sleep efficiency (being
asleep for less than 85% of the time in bed). Additionally, contradictory findings have been
found in relation to objective sleep efficiency measures and nocturnal systolic arterial
pressure[108]. While some studies report a significant correlation between reduced sleep
efficiency and a blunted nocturnal systolic arterial pressure [97,99], others report no
association[78,100]. These contradictory findings may be due to differing methods of assessing
sleep efficiency in these research studies. For example, Sherwood et al.[99] used actigraphy SE
measurements to assess the association with blood pressure dipping, where Loredo et al.[100]
used PSG to assess SE and the association with blood pressure dipping. Using PSG to assess SE
may be a more sensitive approach, then actigraphy because it incorporates a wider range of
measurements including the differentiation of REM and NREM. Additionally, Ross et al.
demonstrated in twenty-three healthy young adults, that twenty-four-hour blood pressure was not
different between sleep efficiency groups. However, Doyle et al. revealed that lower average

sleep efficiency (<85%) was associated with higher average daytime systolic blood pressure,
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measured by ambulatory blood pressure[101]

4.4 Sleep qualityrsoi and blood pressure response category groups

To my knowledge, this is the first time that the PSQI score, based on literature cut-offs,
has been assessed with the association of an EBPR category. In the ANOVA analysis with poor
qualitypsqi and EBPRrelative, participants in the poor sleep qualityPSQI group were older
compared to participants in the adequate sleep qualityesqi. In the chi-square analysis, it was
determined that there was a significant association in the sleep qualityrsqi and the EBPRyelative (p=
.029). This finding shows that participants who had poor sleep qualityrsqi are more likely to have
an EBPRrelative to 3-minutes of moderate physical activity. Additionally, it was also found in the
logistic regression model that there was a significant association between sleep qualityrsor and
EBPRrelative. This analysis determined that having a lower sleep qualitypsoi score, meaning
adequate sleep quality, decreased your odds of having an EBPRyelative by 0.337 or having a
reduction of 63%. Sleep restrictions alter the autonomic balance and increases the sympathetic
nervous system activity which may be because of poor sleep quality resulting in non-dipping
blood pressure patterns. Individuals who are known as non-dippers, meaning having a reduction
of blood pressure than 10% during sleep compared to their mean daytime blood pressure values

have an increase in sympathetic nervous system activity during the day.

The PSQI is a popular and clinically accepted instrument of choice because of its high
internal consistency (a = 0.83), and test-retest reliability (r =.85) [20] and moderate structural
variability identifying patients with poor sleep quality in both clinical and nonclinical
populations[98]. It differentiates poor from adequate sleep quality by measuring seven sleep
components. In a meta-analysis which included 45 041 in total, eight of the studies which were

included in this meta-analysis looking at subjective sleep quality and hypertension, poor sleep
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quality was significantly associated with a greater likelihood of hypertension (OR, 1.48; 95% ClI

1.13-1.95)[98].

4.5 Limitations

There are some limitations in the current study design. This research is a secondary
analysis of the baseline data collected by the WARM Hearts trail. As such, the variables
collected and analysed in this work were limited to the variables included in the WARM Hearts
observational research trial. For example, the gold standard approach in research for assessing
sleep patterning is polysomnography test, which was not included in the WARM Hearts study. It
is important to acknowledge that the assessment tools used to assess sleep may not fully capture
an individual’s sleep patterning over a participant’s full lifespan, as well as differentiating

components of sleep such as REM and NREM sleep.

The WARM Hearts study used a convenience sample method for recruiting participants.
This means of recruitment could create potential sample bias, where the population did not
adequately represent the overall population of Manitoba. Females interested in the WARM
Hearts study are more likely to be health consumers, leading them to be more aware of their

overall lifestyle and health behaviours.

Additionally, due to the COVID-19 pandemic which started in March 2020, this research
project had a smaller sample size of participants then originally planned. The original plan for
this research project was to include 400 females over the age of 55 years, but due to the COVID-
19 pandemic, only 206 females were included in analysis. The smaller sample size impacted the

power to detect differences between groups for both the sleep efficiency and sleep durationtst
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parameters. In fact, less than 3% of the population were categorized as poor sleep quality based
on literature cut-off values. Due to this, sleep efficiency was also examined as a continuous
variable. Hypotheses 3 and 4 were not analysed because few long sleepers were identified (i.e.;
Sleep durationTst making Up less than 2% of the overall cohort) and the analyses would have been
underpowered. The reduction in the overall sample size could have drastically affected the
results of this study. Sleep qualityprsqi score had a better distribution and was better powered for
statistical testing based on the two groups of poor and adequate sleep quality compared with
sleep durationtst and sleep qualityse. It has also been shown that subjective sleep quality scores
and objective measures of sleep quality through accelerometers often show a relatively modest or
even non-existent relationship[110], which could explain an association found for PSQI score,

but not sleep qualitySE.

Additionally, the measurements of sleep qualitypsqi score and objective accelerometer
assessments differ as sleep qualitypsqi score is based on self-report questions about usual sleep
patterns in the previous month, where accelerometer data of sleep durationtst and sleep qualityse
was based off of a period of 7 days. Sleep qualityPSQI may be a better method to assess sleep

quality because of the longer duration a person has to recall their sleep behaviours.

Another limitation of this study was that I did not control for variables in the statistical
models that may have directly impacted the relationship of sleep patterning and EBPR. These
variables include, but are not limited to, the diagnosis of sleep disorders, caffeine consumption,
hypertensive medication use and smoking status. It was found in this cohort that 48.5% of the
cohort were Ex or current smokers, which is higher than the national average of adult smoking
prevalence in females of 14%[111]. With this, future studies should control for smoking status

because it has been found in existing literature that smoking impacts both sleep patterning and
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BP.

Future Directions

Future research to address the association between sleep patterning and EBPR categories
should use the full WARM Hearts cohort (n=1000). Using a larger sample size may allow for the
detection of change and association between groups. Also using a large sample size may allow us
to look at long vs. normal sleep during and accelerometer SE as a categorical variable. Assessing
sleep quality with the full WARM Hearts cohort should include the approach including
categorical objective sleep efficiency score and sleep qualitypsoi compared to EBPR response
categories. It is important to consider that even though self-reported, subjective sleep quality
scores are more often used to assess sleep quality in current research, using a subjective approach
tends to lead to larger levels of variability in different populations, compared to objectively used

measurements.

Future research may look at the association of sleep patterning and ambulatory blood
pressure. Using ambulatory blood pressure over a 24-hour period may better detect blood
pressure patterning. Another way to detect sleep patterning and autonomic dysfunction is
through the assessment of heart rate variability. This approach has previously shown the balance

between the sympathetic and parasympathetic nervous system.

Future research should use the gold standard approach, the PSG, and the association with
and EBPR to moderate physical activity. Using the PSG may give a more accurate representation
of sleep patterning and may be able to detect sleep disorders that accelerometers and PSQI score
can not detect. Using PSG will allow to include controlling for the prevalence and diagnosed

sleep disorders in analyses to see how models change when controlling for these factors
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compared to univariate models.

If more research is done in the future to examine sleep patterning and EBPR or sleep
patterning and autonomic dysfunction, the data may inform the development of new
interventions, including an intervention that focuses on sleep behaviours. In fact, researchers will
be the ones who create and test (research) the novel intervention. Example interventions may
include sleep hygiene education programming, which may incorporate strategies to reduce screen
time, caffeine consumption and other behavioural and health factors that may affect sleep. If
those approaches prove to have efficacy in randomized controlled trials, then the approaches may
be disseminated to health policy makers and implemented to improve primary risk prevention

programming in the community.

Conclusion

Sleep is essential for overall functioning and health status, including cardiovascular
health. Furthermore, women are at an increased risk for developing future hypertension and
CVD. In existing research, it has been identified that poor sleep patterning, including improper
sleep duration and poor sleep quality is associated with hypertension prevalence and CVD risk.
Identifying if poor sleep patterning places an individual at increased risk for CVD could assist
with the design of interventions to modify and improve poor sleep patterning. My thesis
demonstrated the association of EBPR and PSQI score based on the cohort of females aged 55
years and older. Such an approach of using EBPR will allow for the early detection of CVD risk,
which may be affected by poor sleep patterning that can not be seen when measuring RBP.
Additionally, this is an important contribution because sleep patterning may be a simple
behavioural modification to help decrease overall CVD risk. My thesis data also identified that

there was no significant association between EBPR categories and objective measures of sleep
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durationtst and SE (assessed by accelerometry). The association of objective sleep patterning
and EBPR categories may be better assessed with using a larger sample size, such as the full
WARM Hearts cohort (n=1000). Additionally, there was an association found between sleep
qualityrsor and an EBPRrelative, Where participants with lower sleep qualityrsoi score had lower
odds of having an EBPRrelative This finding highlights the need for future research, where the
association between sleep patterning may be present in a larger population. By detecting an
EBPR and determining if there is an association with sleep patterning, health care professionals
may be able to recommend or prescribe lifestyle or clinical interventions to modify sleep

behaviour to lessen CVD risk overall.

81



References

[1]

[2]

3]

[4]

[5]

[6]

[7]

[8]

Harris CD. Neurophysiology of sleep and wakefulness. Respir Care Clin N Am

2005;11:567-586. doi:10.1016/j.rcc.2005.08.001.

Dzaja A, Arber S, Hislop J, Kerkhofs M, Kopp C, Pollmécher T, et al. Women’s sleep in

health and disease. J Psychiatr Res 2005;39:55-76. doi:10.1016/j.jpsychires.2004.05.008.

Edwards BA, O’Driscoll DM, Ali A, Jordan AS, Trinder J, Malhotra A. Aging and sleep:
Physiology and pathophysiology. Semin Respir Crit Care Med 2010;31:618-633.

d0i:10.1055/s-0030-1265902.

Colten HR, Altevogt BM. Sleep disorders and sleep deprivation: An unmet public health

problem. 2006. doi:10.17226/11617.

Besedovsky L, Lange T, Haack M. The sleep-immune crosstalk in health and disease.

Physiol Rev 2019;99:1325-1380. doi:10.1152/physrev.00010.2018.

Calandra-Buonaura G, Provini F, Guaraldi P, Plazzi G, Cortelli P. Cardiovascular
autonomic dysfunctions and sleep disorders. Sleep Med Rev 2016;26:43-56.

doi:10.1016/j.smrv.2015.05.005.

Gradman AH. Sleep-time blood pressure: A validated therapeutic target. J Am Coll

Cardiol 2011;58:1174-1175. doi:10.1016/j.jacc.2011.05.040.

Sayk F, Teckentrup C, Becker C, Heutling D, Wellhoner P, Lehnert H, et al. Effects of
selective slow-wave sleep deprivation on nocturnal blood pressure dipping and daytime
blood pressure regulation. Am J Physiol - Regul Integr Comp Physiol 2010;298:191-197.

doi:10.1152/ajpregu.00368.2009.

82



[9]

[10]

[11]

[12]

[13]

[14]

[15]

Borbély AA, Daan S, Wirz-Justice A, Deboer T. The two-process model of sleep

regulation: A reappraisal. J Sleep Res 2016;25:131-143. d0i:10.1111/jsr.12371.

Lulu Xiel,*, Hongyi Kangl,*, Qiwu Xul, Michael J. Chenl, Yonghong Liaol,
Meenakshisundaram Thiyagarajanl, John O’Donnelll, Daniel J. Christensenl, Charles
Nicholson2, Jeffrey J. Iliff1, Takahiro Takanol, Rashid Deanel and MN. Sleep drives
metabolite clearnace from the adult brain. Science (80- ) 2013;342:1-11.

doi:10.1126/science.1241224.Sleep.

Gais S, Born J. Declarative memory consolidation: Mechanisms acting during human
sleep Different sleep stages for memory formation. Learn Mem 2004;11:679-685.

d0i:10.1101/Im.80504.An.

Heeren M, Sojref F, Schuppner R, Worthmann H, Pflugrad H, Tryc AB, et al. Active at
night, sleepy all day - Sleep disturbances in patients with hepatitis C virus infection. J

Hepatol 2014;60:732-740. doi:10.1016/j.jhep.2013.11.030.

Monaco S, Mariotto S, Ferrari S, Calabrese M, Zanusso G, Gajofatto A, et al. Hepatitis C
virus-associated neurocognitive and neuropsychiatric disorders: Advances in 2015. World

J Gastroenterol 2015;21:11974-11983. doi:10.3748/wjg.v21.i42.11974.

Rasmussen MK, Mestre H, Nedergaard M. The glymphatic pathway in neurological

disorders. Lancet Neurol 2018;17:1016-1024. doi:10.1016/S1474-4422(18)30318-1.

Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O, DonCarlos L, et al. National
sleep foundation’s sleep time duration recommendations: Methodology and results

summary. Sleep Heal 2015;1:40-43. doi:10.1016/j.sleh.2014.12.010.

83



[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Release EFOR. 2002 Sleep in America Poll — Adult Sleep Habits. Sleep Heal 2015;1:el.

d0i:10.1016/j.sleh.2015.04.001.

Newman AB, Gottdiener JS, McBurnie MA, Hirsch CH, Kop WJ, Tracy R, et al.
Associations of subclinical cardiovascular disease with frailty. Journals Gerontol - Ser A

Biol Sci Med Sci 2001;56:M158-M166. doi:10.1093/gerona/56.3.M158.

Kripke DF, Garfinkel L, Wingard DL. Mortality associated with sleep duration and

insomnia. Prim Care Companion J Clin Psychiatry 2002;4:34.

Full KM, Malhotra A, Gallo LC, Kerr J, Arredondo EM, Natarajan L, et al.
Accelerometer-Measured Sleep Duration and Clinical Cardiovascular Risk Factor Scores

in Older Women. Journals Gerontol Ser A 2019;XX:1-8. doi:10.1093/gerona/glz201.

Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. Buysse DJ, Reynolds CF,
Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality Index: a new instrument

for psychiatric practice and research. Psychiatry Res. 1989;28:193-213. 1989.

Blackwell T, Redline S, Ancoli-Israel S, Schneider JL, Surovec S, Johnson NL, et al.
Comparison of sleep parameters from actigraphy and polysomnography in older women:

The SOF study. Sleep 2008;31:283-291. doi:10.1093/sleep/31.2.283.

St-Onge MP, Grandner MA, Brown D, Conroy MB, Jean-Louis G, Coons M, et al. Sleep
Duration and Quality: Impact on Lifestyle Behaviors and Cardiometabolic Health: A
Scientific Statement from the American Heart Association. Circulation 2016;134:e367-

e386. doi:10.1161/CIR.0000000000000444.

St-Onge M-P, Grandner CMA, Brown D, Conroy MB, Jean-Louis G, Coons M, et al.

84



[24]

[25]

[26]

[27]

[28]

[29]

[30]

Sleep Duration and Quality: Impact on Lifestyle Behaviors and Cardiometabolic Health:
A Scientific Statement From the American Heart Association. Circulation 2016;134:1-34.

doi:10.1161/CIR.0000000000000444.Sleep.

Fetveit A, Bjorvatn B. Sleep disturbances among nursing home residents. Int J Geriatr

Psychiatry 2002;17:604—609. doi:10.1002/gps.639.

Wells BT, Sawatzky J V, Mcmillan DE. Sleep disturbance in Parkinson ’ s Disease : A

human response to illness. Can J Neurosci Nurs 2009;31:24-32.

Ancoli-lIsrael S, Martin JL, Blackwell T, Buenaver L, Liu L, Meltzer LJ, et al. The SBSM
Guide to Actigraphy Monitoring: Clinical and Research Applications. Behav Sleep Med

2015;13:54-S38. doi:10.1080/15402002.2015.1046356.

Sahed A, Hauri PJ, Kripke DF, Lavie P. An American Sleep Disorders Association Report
Practice Parameters for the Use of Actigraphy in the Clinical Assessment of Sleep

Disorders. Sleep 1995;18:288-302.

Full KM, Kerr J, Grandner MA. Validation of a Physical Activity Accelerometer Device
Worn on the Hip and Wrist Against Polysomnography. Sleep Heal 2018;4:209-216.

doi:10.1016/j.physbeh.2017.03.040.

Cole RJ, Kripke DF, Gruen W, Mullaney DJ, Gillin JC. Automatic sleep/wake

identification from wrist activity. Sleep 1992;15:461-469. doi:10.1093/sleep/15.5.461.

Sadeh A, Sharkey KM, Carskadon MA. Activity-based sleep-wake identification: An
empirical test of methodological issues. Sleep 1994;17:201-207.

doi:10.1093/sleep/17.3.201.

85



[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Fekedulegn D, Andrew ME, Shi M, Violanti JM, Knox S, Innes KE. Actigraphy-Based
Assessment of Sleep Parameters. Ann Work Expo Heal 2020;64:350-367.

doi:10.1093/annweh/wxaa007.

Beaudreau SA, Spira AP, Stewart A, Kezirian EJ, Lui LY, Ensrud K, et al. Validation of
the Pittsburgh Sleep Quality Index and the Epworth Sleepiness Scale in older black and

white women. Sleep Med 2012;13:36-42. doi:10.1016/j.sleep.2011.04.005.

Beaudreau SA, Spira AP, Stewart A, Kezirian EJ, Lui L, Ensrud K, et al. Validation of the
Pittsburgh Sleep Quality Index and the Epworth Sleepiness Scale in older black and white

women. Sleep Med 2012;13:36-42. doi:10.1016/j.sleep.2011.04.005.

Stewart J, Manmathan G, Wilkinson P. Primary prevention of cardiovascular disease: A
review of contemporary guidance and literature. JRSM Cardiovasc Dis

2017,6:204800401668721. doi:10.1177/2048004016687211.

Lusis AJ. Atherosclerosis Aldons. Nature 2010;407:233-241.

doi:10.1038/35025203. Atherosclerosis.

Tarride JE, Lim M, DesMeules M, Luo W, Burke N, O’Reilly D, et al. A review of the
cost of cardiovascular disease. Can J Cardiol 2009;25:195-202. doi:10.1016/S0828-

282X(09)70098-4.

GHE_DthWHOReg6_Proj_2016_2060 (1) n.d.

Keller K, Stelzer K, Ostad MA, Post F. Impact of exaggerated blood pressure response in
normotensive individuals on future hypertension and prognosis: Systematic review

according to PRISMA guideline. Adv Med Sci 2017;62:317-329.

86



[39]

[40]

[41]

[42]

[43]

[44]

[45]

doi:10.1016/j.advms.2016.11.010.

Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A, Bohm M, et al. 2013 ESH/ESC
guidelines for the management of arterial hypertension: The Task Force for the
management of arterial hypertension of the European Society of Hypertension (ESH) and
of the European Society of Cardiology (ESC). Eur Heart J 2013;34:2159-22109.

doi:10.1093/eurheartj/eht151.

Wolz M. Statement from the National High Blood Pressure Education Program:
prevalence of hypertension. Am J Hypertens 2000;13:103-104. doi:10.1016/s0895-

7061(99)00241-1.

hypertension @ www.who.int n.d.

Gangwisch JE, Heymsfield SB, Boden-Albala B, Buijs RM, Kreier F, Pickering TG, et al.
Short Sleep Duration as a Risk Factor for Hypertension. Hypertension 2006;47:833-839.

d0i:10.1161/01.hyp.0000217362.34748.€0.

Ubolsakka-Jones C, Sangthong B, Aueyingsak S, Jones DA. Older women with controlled
isolated systolic hypertension: Exercise and blood pressure. Med Sci Sports Exerc

2016;48:983-989. doi:10.1249/MSS.0000000000000883.

Bertisch SM, Pollock BD, Mittleman MA, Buysse DJ, Bazzano LA, Gottlieb DJ, et al.
Insomnia with objective short sleep duration and risk of incident cardiovascular disease
and all-cause mortality: Sleep Heart Health Study. Sleep 2018;41:1-9.

doi:10.1093/sleep/zsy047.

Cappuccio FP, Cooper D, Delia L, Strazzullo P, Miller MA. Sleep duration predicts

87



[46]

[47]

[48]

[49]

[50]

[51]

cardiovascular outcomes: A systematic review and meta-analysis of prospective studies.

Eur Heart J 2011;32:1484-1492. doi:10.1093/eurheartj/ehr007.

Yin J, Jin X, Shan Z, Li S, Huang H, Li P, et al. Relationship of sleep duration with all-
cause mortality and cardiovascular events: A systematic review and dose-response meta-
analysis of prospective cohort studies. J Am Heart Assoc 2017;6.

doi:10.1161/JAHA.117.005947.

Cepeda MS, Stang P, Blacketer C, Kent JM, Wittenberg GM. Clinical Relevance of Sleep
Duration : Results from a Cross-Sectional Analysis Using NHANES. J Clin Sleep Med

2016;12.

Anujuo K, Stronks K, Snijder MB, Jean-Louis G, Rutters F, van den Born BJ, et al.
Relationship between short sleep duration and cardiovascular risk factors in a multi-ethnic
cohort - the helius study. Sleep Med 2015;16:1482-1488.

doi:10.1016/j.sleep.2015.08.014.

Krittanawong C, Tunhasiriwet A, Wang Z, Zhang H, Farrell AM, Chirapongsathorn S, et
al. Association between short and long sleep durations and cardiovascular outcomes : a
systematic review and. Eur Hear J Acute Cardiovasc Care 2017.

doi:10.1177/2048872617741733.

Patel SR, Ayas NT, Malhotra MR, White DP, Schernhammer ES, Speizer FE, et al. A
prospective study of sleep duration and mortality risk in women. Sleep 2004;27:440-444.

doi:10.1093/sleep/27.3.440.

Ruth N. Is Increased Long Sleep and Sleeping Pills Insomni 2014.

88



[52]

[53]

[54]

[55]

[56]

[57]

[58]

Bansil P, Kuklina E V., Merritt RK, Yoon PW. Associations between sleep disorders,
sleep duration, quality of sleep, and hypertension: Results from the National Health and
Nutrition Examination Survey, 2005 to 2008. J Clin Hypertens 2011;13:739-743.

doi:10.1111/5.1751-7176.2011.00500.x.

Hoevenaar-Blom MP, Spijkerman AMW, Kromhout D, van den Berg JF, Verschuren
WMM. Sleep Duration and Sleep Quality in Relation to 12-Year Cardiovascular Disease

Incidence: The MORGEN Study. Sleep 2011;34:1487-1492. doi:10.5665/sleep.1382.

Cappuccio FP, D’Elia L, Strazzullo P, Miller MA. Sleep duration and all-cause mortality:
A systematic review and meta-analysis of prospective studies. Sleep 2010;33:585-592.

doi:10.1093/sleep/33.5.585.

Ohayon MM, Carskadon MA, Guilleminault C, Vitiello M V. Meta-analysis of
guantitative sleep parameters from childhood to old age in healthy individuals:
Developing normative sleep values across the human lifespan. Sleep 2004;27:1255-1273.

doi:10.1093/sleep/27.7.1255.

Karacan I, Thornby JI, Anch M, Holzer CE, Warheit GJ, Schwab JJ, et al. Prevalence of
sleep disturbance in a primarily urban Florida county. Soc Sci Med 1976;10:239-244.

doi:10.1016/0037-7856(76)90006-8.

Bliwise DL, King AC, Harris RB, Haskell WL. Prevalence of self-reported poor sleep in a
healthy population aged 50-65. Soc Sci Med 1992;34:49-55. doi:10.1016/0277-

9536(92)90066-Y .

Grandner MA, Drummond SPA. Who are the long sleepers? Towards an understanding of
the mortality relationship. Sleep Med Rev 2007;11:341-360.

89



[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

d0i:10.1016/j.smrv.2007.03.010.

John R.Giudicessi, BA.Michael J.Ackerman. 2013. Impact of sleep on the risk of

cognitive decline and dementia. Bone 2008;23:1-7. doi:10.1038/jid.2014.371.

Jean-Louis G, Kripke DF, Ancoli-lIsrael S, Klauber MR, Sepulveda RS. Sleep duration,
illumination, and activity patterns in a population sample: Effects of gender and ethnicity.

Biol Psychiatry 2000;47:921-927. d0i:10.1016/S0006-3223(99)00169-9.

Lattanzi S, Brigo F, Silvestrini M. Sleep and blood pressure. J Clin Hypertens

2018;20:1721-1723. doi:10.1111/jch.13423.

Schultz MG, Otahal P, Picone DS, Sharman JE. Clinical relevance of exaggerated exercise

blood pressure. J Am Coll Cardiol 2015;66:1843-1845. doi:10.1016/j.jacc.2015.08.015.

Chaitman BR. Exaggerated exercise-induced sytolic blood pressure response: Arterial
baroreceptor sensitivity or carotid stiffness? Eur Heart J 2018;39:607-609.

doi:10.1093/eurheartj/ehx717.

Kim D, Ha J-W. Hypertensive response to exercise: mechanisms and clinical implication.

Clin Hypertens 2016;22:16-19. doi:10.1186/s40885-016-0052-y.

Colantonio LD, Booth JN, Bress AP, Whelton PK, Shimbo D, Levitan EB, et al. 2017
ACC/AHA Blood Pressure Treatment Guideline Recommendations and Cardiovascular

Risk. J Am Coll Cardiol 2018;72:1187-1197. doi:10.1016/j.jacc.2018.05.074.

Bassett DR, Duey WJ, Walker AJ, Torok DJ, Howley ET, Tanaka H. Exaggerated blood
pressure response to exercise: Importance of resting blood pressure. Clin Physiol

1998;18:457-462. d0i:10.1046/j.1365-2281.1998.00124.X.

90



[67]

[68]

[69]

[70]

[71]

[72]

[73]

&NA; Blood Pressure Response during Treadmill Testing As a Risk Factor for New-

Onset Hypertension. Cardiol Rev 1999;7:248. doi:10.1097/00045415-199909000-00005.

Schultz MG, Hare JL, Marwick TH, Stowasser M, Sharman JE. Masked hypertension is
“unmasked” by low-intensity exercise blood pressure. Blood Press 2011;20:284-289.

doi:10.3109/08037051.2011.566251.

Schultz MG, Otahal P, Cleland VJ, Blizzard L, Marwick TH, Sharman JE. Exercise-
induced hypertension, cardiovascular events, and mortality in patients undergoing exercise
stress testing: A systematic review and meta-analysis. Am J Hypertens 2013;26:357—-366.

doi:10.1093/ajh/hps053.

Stella ML, Failla M, Mangoni AA, Carugo S, Giannattasio C, Mancia G. Effects of
isolated systolic hypertension and essential hypertension on large and middle-sized artery

compliance. Blood Press 1998;7:96-102. doi:10.1080/080370598437466.

Shirwany NA, Zou MH. Arterial stiffness: A brief review. Acta Pharmacol Sin

2010;31:1267-1276. d0i:10.1038/aps.2010.123.

Schultz MG, Picone DS, Nikolic SB, Williams AD, Sharman JE. Exaggerated blood
pressure response to early stages of exercise stress testing and presence of hypertension. J

Sci Med Sport 2016;19:1039-1042. doi:10.1016/j.jsams.2016.04.004.

Singh JP, Larson MG, Manolio TA, O’Donnell CJ, Lauer M, Evans JC, et al. Blood
pressure response during treadmill testing as a risk factor for new-onset hypertension. The
Framingham heart study. Circulation 1999;99:1831-1836.

doi:10.1161/01.CIR.99.14.1831.

91



[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

Pepin JL, Borel AL, Tamisier R, Baguet JP, Levy P, Dauvilliers Y. Hypertension and
sleep: Overview of a tight relationship. Sleep Med Rev 2014;18:509-519.

d0i:10.1016/j.smrv.2014.03.003.

Kawano Y. Diurnal blood pressure variation and related behavioral factors. Hypertens Res

2011;34:281-285. doi:10.1038/hr.2010.241.

Canada G of. Prevalence: Report from the Canadian Chronic Disease Surveillance

System: Hypertension in Canada, 2010. 2010.

Zhang H, Li Y, Zhao X, Mao Z, Abdulai T, Liu X, et al. The association between PSQI
score and hypertension in a Chinese rural population: the Henan Rural Cohort Study.

Sleep Med 2019;58:27-34. doi:10.1016/j.sleep.2019.03.001.

Silva M. NOCTURNAL SLEEP QUALITY AND CIRCADIAN BLOOD PRESSURE

VARIATION. J Hypertens 2000;18.

Gangwisch JE, Heymsfield SB, Boden-Albala B, Buijs RM, Kreier F, Pickering TG, et al.
Short sleep duration as a risk factor for hypertension: Analyses of the first National Health
and Nutrition Examination Survey. Hypertension 2006;47:833-839.

d0i:10.1161/01.HYP.0000217362.34748.€0.

von EIm E, Altman DG, Egger M, Pocock SJ, Gatzsche PC, Vandenbroucke JP. The
strengthening the reporting of observational studies in epidemiology (STROBE)
statement: Guidelines for reporting observational studies. Int J Surg 2014;12:1495-1499.

doi:10.1016/j.ijsu.2014.07.013.

Heidari S, Babor TF, De Castro P, Tort S, Curno M. Sex and Gender Equity in Research:

92



[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

rationale for the SAGER guidelines and recommended use. Res Integr Peer Rev 2016;1:1—

9. doi:10.1186/s41073-016-0007-6.

Stock EO, Redberg R. Cardiovascular Disease in Women. Curr Probl Cardiol

2012;37:450-526. doi:10.1016/j.cpcardiol.2012.07.001.

Moller-Leimkihler AM. Gender differences in cardiovascular disease and comorbid

depression. Dialogues Clin Neurosci 2007;9:71-83.

Maas AHEM, Appelman YEA. Gender differences in coronary heart disease. Netherlands

Hear J 2010;18:598-603. d0i:10.1007/s12471-010-0841-y.

O’Callaghan KM. Solutions for disparities for women with heart disease. J Cardiovasc

Transl Res 2009;2:518-525. doi:10.1007/s12265-009-9125-6.

Heart & Stroke 2018 Heart Report. Ms Understood Women’s hearts are victims of a

system that is ill-equipped to diagnose, treat and support them. 2018.

Brompton R, Heart N, Infirmary BR, Heart L, Liverpool R, Heart N. Management of
Refractory Angina Pectoris Ischaemic Heart Disease. ECRjournal 2016:69-76.

doi:10.15420/ecr.2016.

Boreskie KF, Kehler DS, Costa EC, Cortez PC, Berkowitz I, Hamm NC, et al. BMJ open
protocol for the HAPPY Hearts study: Cardiovascular screening for the early detection of
future adverse cardiovascular outcomes in middle-aged and older women: A prospective,

observational cohort study. BMJ Open 2017;7:1-9. doi:10.1136/bmjopen-2017-018249.

Slater JA, Botsis T, Walsh J, King S, Straker LM, Eastwood PR. Assessing sleep using

hip and wrist actigraphy. Sleep Biol Rhythms 2015;13:172-180. doi:10.1111/sbr.12103.

93



[90]

[91]

[92]

[93]

[94]

[95]

[96]

Mehra R, Stone KL, Ancoli-Israel S, Litwack-Harrison S, Ensrud KE, Redline S.
Interpreting wrist actigraphic indices of sleep in epidemiologic studies of the elderly: The

study of osteoporotic fractures. Sleep 2008;31:1569-1576. doi:10.1093/sleep/31.11.1569.

MartinezAguirre-Betolaza A, Maldonado-Martin S, Corres P, Gorostegi-Anduaga I,
Aispuru GR, Mujika I. Actigraphy-based sleep analysis in sedentary and overweight/obese
adults with primary hypertension: data from the EXERDIET-HTA study. Sleep Breath

2019:1265-1273. doi:10.1007/s11325-019-01813-7.

Nerenberg KA, Zarnke KB, Leung AA, Dasgupta K, Butalia S, McBrien K, et al.
Hypertension Canada’s 2018 Guidelines for Diagnosis, Risk Assessment, Prevention, and
Treatment of Hypertension in Adults and Children. Can J Cardiol 2018;34:506-525.

doi:10.1016/j.cjca.2018.02.022.

Weiss W, Gohlisch C, Harsch-Gladisch C, Télle M, Zidek W, Van Der Giet M.
Oscillometric estimation of central blood pressure: Validation of the Mobil-O-Graph in
comparison with the SphygmoCor device. Blood Press Monit 2012;17:128-131.

d0i:10.1097/MBP.0b013e328353ff63.

Canadian Society of Exercise Physiology. CSEP Certified Personal Trainer ® Update to

Pre-Participation Screening Procedures CSEP Certified Personal Trainer ® 2017:2-4.

Sharman JE, Lagerche A. Exercise blood pressure: Clinical relevance and correct

measurement. J Hum Hypertens 2015;29:351-358. doi:10.1038/jhh.2014.84.

Criqui MH, Haskell WL, Heiss G, Tyroler HA, Green P, Rubenstein CJ. Predictors of
systolic blood pressure response to treadmill exercise: The Lipid Research Clinics
Program prevalence study. Circulation 1983;68:225-233. doi:10.1161/01.CIR.68.2.225.

94



[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

Mansoor GA. Sleep actigraphy in hypertensive patients with the “non-dipper” blood

pressure profile. J Hum Hypertens 2002;16:237-242. doi:10.1038/sj.jhh.1001383.

Lo K, Woo B, Wong M, Tam W. Subjective sleep quality, blood pressure, and

hypertension: a meta-analysis. J Clin Hypertens 2018;20:592-605. doi:10.1111/jch.13220.

Sherwood A, Routledge FS, Wohlgemuth WK, Hinderliter AL, Kuhn CM, Blumenthal
JA. Blood Pressure Dipping: Ethnicity, Sleep Quality and Sympathetic Nervous System

Activity. Am J Hypertens 2011;24:982-988. doi:10.1038/ajh.2011.87.BLOOD.

Loredo JS, Nelesen R, Ancoli-Israel S, Dimsdale JE. Sleep quality and blood pressure

dipping in normal adults. Sleep 2004;27:1097-1103. doi:10.1093/sleep/27.6.1097.

Doyle CY, Ruiz JM, Taylor DJ, Smyth JW, Flores M, Dietch JR, et al. Associations
between objective sleep and ambulatory blood pressure in a community sample.

Psychosom Med 2019;81:545-556. doi:10.1097/PSY.0000000000000711.

Gottlieb DJ, Redline S, Nieto FJ, Baldwin CM, Newman AB, Resnick HE, et al.
Association of usual sleep duration with hypertension: The Sleep Heart Health Study.

Sleep 2006;29:1009-1014. doi:10.1093/sleep/29.8.1009.

Cappuccio FP, Stranges S, Kandala NB, Miller MA, Taggart FM, Kumari M, et al.
Gender-specific associations of short sleep duration with prevalent and incident
hypertension: The whitehall 11 study. Hypertension 2007;50:693-700.

doi:10.1161/HYPERTENSIONAHA.107.095471.

Bansil P, Kuklina E V., Merritt RK, Yoon PW. Associations between sleep disorders,

sleep duration, quality of sleep, and hypertension: Results from the National Health and

95



[105]

[106]

[107]

[108]

[109]

[110]

Nutrition Examination Survey, 2005 to 2008. J Clin Hypertens 2011;13:739-743.

doi:10.1111/5.1751-7176.2011.00500.x.

Stranges S, Dorn JM, Cappuccio FP, Donahue RP, Rafalson LB, Hovey KM, et al. A
population-based study of reduced sleep duration and hypertension: The strongest
association may be in premenopausal women. J Hypertens 2010;28:896-902.

d0i:10.1097/HJH.0b013e328335d076.

Stranges S, Dorn JM, Shipley MJ, Kandala NB, Trevisan M, Miller MA, et al. Correlates
of short and long sleep duration: A cross-cultural comparison between the United
Kingdom and the United States: The Whitehall 1l Study and the Western New York

Health Study. Am J Epidemiol 2008;168:1353-1364. doi:10.1093/aje/kwn337.

P.B, E.V. K, R.K. M, P.W. Y. Associations between sleep disorders, sleep duration,
quality of sleep, and hypertension: Results from the National Health and Nutrition

Examination Survey, 2005 to 2008. J Clin Hypertens 2011;13:739-743.

Ross AJ, Yang H, Larson RA, Carter JR. Sleep efficiency and nocturnal hemodynamic
dipping in young, Normotensive adults. Am J Physiol - Regul Integr Comp Physiol

2014,307:888-892. doi:10.1152/ajpregu.00211.2014.

Lattanzi S, Brigo F, Silvestrini M. Sleep and blood pressure. J Clin Hypertens

2018;20:1721-1723. d0i:10.1111/jch.13423.

Lemola S, Ledermann T, Friedman EM. Variability of Sleep Duration Is Related to
Subjective Sleep Quality and Subjective Well-Being: An Actigraphy Study. PLoS One

2013;8. do0i:10.1371/journal.pone.0071292.

96



[111] Canada G of. Tobacco Use Statistics. 2018.

2.5 Appendices

Appendix 1: The Strengthening the Reporting of Observational studies in Epidemiology

(STROBE) guidelines
Appendix 2: Sex and Gender Equity in Research (SAGER) guidelines

Appendix 3: Particpant consent form for WARM Hearts study

97



Appendix 4: Standardized Operating Procedures (SOP) for the download and analysis of

accelerometer sleep data

Appendix 1: The Strengthening the Reporting of Observational studies in Epidemiology
(STROBE) guidelines

STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies

Item Page
No Recommendation No
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Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the 1
title or the abstract
(b) Provide in the abstract an informative and balanced summary of 2
what was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation 10-26
being reported
Objectives 3 State specific objectives, including any prespecified hypotheses 27-30
Methods
Study design 4 Present key elements of study design early in the paper 30
Setting 5 Describe the setting, locations, and relevant dates, including periods | 30,
of recruitment, exposure, follow-up, and data collection 31
Participants 6 (a) Give the eligibility criteria, and the sources and methods of 31
selection of participants
Variables 7 Clearly define all outcomes, exposures, predictors, potential
confounders, and effect modifiers. Give diagnostic criteria, if
applicable
Data sources/ 8* For each variable of interest, give sources of data and details of 32-37
measurement methods of assessment (measurement). Describe comparability of
assessment methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias
Study size 10 Explain how the study size was arrived at
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 32-37
applicable, describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control 37,38
for confounding
(b) Describe any methods used to examine subgroups and
interactions
(c) Explain how missing data were addressed
(d) If applicable, describe analytical methods taking account of
sampling strategy
(e) Describe any sensitivity analyses
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg 35

numbers potentially eligible, examined for eligibility, confirmed
eligible, included in the study, completing follow-up, and analysed
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(b) Give reasons for non-participation at each stage

(c) Consider use of a flow diagram

Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, 44,45
clinical, social) and information on exposures and potential
confounders
(b) Indicate number of participants with missing data for each 46-54

variable of interest

Outcome data 15*  Report numbers of outcome events or summary measures 44-68

Main results 16 (@) Give unadjusted estimates and, if applicable, confounder-
adjusted estimates and their precision (eg, 95% confidence interval).
Make clear which confounders were adjusted for and why they were
included

(b) Report category boundaries when continuous variables were
categorized

(c) If relevant, consider translating estimates of relative risk into
absolute risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and
interactions, and sensitivity analyses

Discussion
Key results 18 Summarise key results with reference to study objectives 69-75
Limitations 19 Discuss limitations of the study, taking into account sources of 76,77
potential bias or imprecision. Discuss both direction and magnitude
of any potential bias
Interpretation 20 Give a cautious overall interpretation of results considering
objectives, limitations, multiplicity of analyses, results from similar
studies, and other relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results

Other information

Funding 22 Give the source of funding and the role of the funders for the
present study and, if applicable, for the original study on which the
present article is based

*Give information separately for exposed and unexposed groups.
Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background

and published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article
(freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine
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at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is
available at www.strobe-statement.org.

Appendix 2: Sex and Gender Equity in Research (SAGER) guidelines

Research approaches v/

v

v Are the concepts of gender and/or sex used in your research project?

v If yes, have you explicitly defined the concepts of gender and/or sex? Is it clear what
aspects of gender and/or sex are being examined in your study?

v 1f no, do you consider this to be a significant limitation? Given existing knowledge
in the relevant literature, are there plausible gender and/or sex factors that should have
been considered? If you consider sex and/or gender to be highly relevant to your
proposed research, the research design should reflect this

101



Research questions and hypotheses

/| v Does your research question(s) or hypothesis/es make reference to gender and/or
sex, or relevant groups or phenomena? (e.g., differences between males and females,
differences among women, seeking to understand a gendered phenomenon such as
masculinity)

Literature review

« |V Does your literature review cite prior studies that support the existence (or lack) of
significant differences between women and men, boys and girls, or males and females?

" | v Does your literature review point to the extent to which past research has taken
gender or sex into account?

Research methods

&/ |V Isyour sample appropriate to capture gender and/or sex-based factors?

v Is it possible to collect data that are disaggregated by sex and/or gender?

gender? (Note: this pertains to human and animal subjects and biological systems that
are not whole organisms)

V' Is the data collection method proposed in your study appropriate for investigation of

~/ |V Are the inclusion and exclusion criteria well justified with respect to sex and/or
\/ sex and/or gender?

&/ |V Isyour analytic approach appropriate and rigorous enough to capture gender and/or
sex-based factors?

Ethics

~/ | v Does your study design account for the relevant ethical issues that might have
particular significance with respect to gender and/or sex? (e.g., inclusion of pregnant
women in clinical trials)

Source: Adapted from Canadian Institutes of Health Research

* Researchers who are interested in the data regarding the SAGER guidelines can contact Dr.
Todd Duhamel to request access to the data. The full cohort of 206 used for this analysis
identified as women.
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Appendix 3: Particpant consent form for WARM Hearts study

Research Participant Information and Consent Form

Women’s Advanced Risk Assessment in Manitoba (WARM) Hearts — Examining
biomarkers of frailty and cardiovascular health in middle aged and older women
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WARM
HEARTS

Principal Investigator: Todd Duhamel, PhD

Faculty of Kinesiology and Recreation Management, University of
Manitoba & Institute of Cardiovascular Sciences, St. Boniface
General Hospital Research Centre, R4012 - 351 Tache Ave,
Winnipeg, MB, Canada

R2H 2A6

You are being asked to participate in a research study. Please take your time to review this
consent form and discuss any questions you may have with the research staff. You may take your
time to make your decision about participating in this study and you may discuss it with your
friends, family or (if applicable) your doctor before you make your decision. This consent form
may contain words that you do not understand. Please ask the research staff to explain any words
or information that you do not clearly understand. This study is funded by the St. Boniface
Hospital Foundation.

UNIVERSITY l_il Hopital St-Boniface Hospital
oFf MANITOBA 4
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Purpose of Study:

Efforts to prevent disease of the heart and blood vessels (i.e. the cardiovascular system) focus on
the traditional risk factors, such as age, sex, cholesterol and blood pressure. This method is
shown to predict heart attacks; however, it is likely the method could be improved by adding
new measurement approaches.

The purpose of this research study is to establish a cardiovascular (CV) health screening program
in Winnipeg and will test how well a new CV screening program works for detecting CV events
over a 5-year period. A total of 1000 women will be recruited to participate in this study.

Study procedures

If you choose to participate in the study, you will be asked to attend two testing appointments;
one at the Asper Clinical Research Institute and then one at the Active Living Centre at the
University of Manitoba approximately one week later. Study appointment 1 will take
approximately 2 hours and appointment 2 will take approximately 90 minutes.

Study appointment 1

During the first meeting, you will be asked to provide your Personal Health Information Number
(PHIN), which is needed so we can collect information about how you utilize the health care
system over the next 5-year period after screening. Your PHIN will be given a coded number so
that your personal health information is not compromised. This method of coding PHINS is in
accordance with the Personal Health Information Act (PHIA) of Manitoba and is a step taken to
protect the privacy of your health information.

You will also be asked to complete a series of tests during your first appointment including:

A series of questionnaires to characterize demographic information and medical history;
Height and weight measurements

Body composition measurements;

Completion of a 6-minute walking test with heart rate assessment;

Functional fitness testing;

SAEIE R

Take-home assessments

Between the first and second testing appointment, you will be asked to complete a series of
questionnaires either on paper or via REDCap online survey. This series of questionnaires will
characterize:

1. Physical activity level;

2. Diet;

3. Health risk behaviors and readiness to change;
4. General mood status,

5. Quality of life;
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Frailty;

Ability to perform activities of daily living;
Typical sleep patterns;

Behaviour when receiving health information

©®~No

Additionally, you will be asked to wear an accelerometer for the approximately weeklong period
between appointments to capture objective physical activity measures and to collect a stool
sample to characterize gut microbiota. At your first appointment, you will be provided with a kit
and instructions for collecting a small stool sample at home before your second appointment
approximately one week later.

Study Appointment 2

During the second appointment a blood sample will be collected (15 ml/1 tablespoon) to measure
cholesterol, blood sugar, and other markers of cardiovascular disease. These additional markers
will examine immune cell function and proteins found in your blood. The immune system works
to protect the body against disease and infection. Cells involved in the immune system can be
examined to see how well they are working and how many there are. Proteins are basic
components found throughout your body that play important roles in a wide variety of body
functions including building and repairing tissue. The remaining tests are non-invasive and
include:

1. A non-invasive measure of arterial stiffness;

2. Resting blood pressure;

3. Blood pressure in response to 3 minutes of exercise;

4. A questionnaire to characterize symptoms of depression.

Blood and stool sampling collected as a part of this study will be kept in a lockable freezer on the
3" floor of the Asper Clinical Research Institute. Your biological samples will not contain any
personal information that could compromise confidentiality. Blood and stool samples will be
stored for approximately 10 years and then destroyed. You will be asked to complete an
additional consent form to retain leftover biological samples in a biobank which would provide
scientists with access to the blood and stool samples to conduct future research.

Additional data for this project will be collected by linking your test data with your health
information for a period of 5 years after the CV screening is completed. In order to monitor this
information, we plan to utilize your PHIN and the Population Health Research Data Repository
at the Manitoba Centre for Health Policy to collect information about how you interact with the
health care system for a period of 5 years after the CV screening is completed. Research staff
will review information in order to evaluate the effectiveness of the project for determining how
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well our cardiovascular health screening program assesses cardiovascular health for a period of 5
years after the CV screening is completed. Your health records may include information such as:

1. health service use;

2. information relating to cardiovascular health;

3. other health problems; and

4. demographic information including age and household income;

All data will be treated as confidential in accordance with the Personal Health Information Act of
Manitoba. Any information that may reveal personal identifiers (such as name, address or
telephone numbers) will be removed prior to data analysis in order to protect patient anonymity
and confidentiality.

Risks

With respect to safety, the risks associated with blood draws include pain, bruising, and a small
risk of infection. There is a very minor risk associated with performing the physical activity
testing. Other than blood sample collections all other tests to be completed are non-invasive and
low-risk.

There is a potential risk of unintended disclosure of confidential information to parties outside
the research context that might affect your ability to get insurance or a job. However, these risks
are quite remote since appropriate confidentiality measures will be taken to protect any
information about your health that is revealed by your biological samples.

One of the surveys that you will be asked to complete will assess signs of depression. If you are
deemed to be at risk for potential depressive behavior, research staff are instructed to get a health
care provider at the St. Boniface Hospital to speak with the participant to assess their risk. If a
primary health care provider is not available, research staff will escort the participant to the
Emergency Room at the St. Boniface General Hospital.

You are free to withdraw from participation in the study, withdraw your research data from the

study or withdraw your biological samples from the study at any time upon request. Withdrawal
from the research study will not alter the standard of care you receive. Your participation in the

study may also be discontinued upon the advice of the medical staff for your safety.

In the case of injury or illness resulting from this study, necessary medical treatment will be
available at no additional cost to you. If the research team becomes aware of a condition that
may affect your health, the research team will share this information with medical staff at the St
Boniface Hospital in order to enable them to provide you with appropriate care. You are not
waiving any of your legal rights by signing this consent form, nor releasing the investigator(s)
from their legal and professional responsibilities.
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Benefits

A benefit to participating in this study is that you will gain specific and detailed information
regarding your cardiovascular health. We will provide you with detailed information regarding
your physical activity behaviours, physical fitness, and blood pressure response to moderate
intensity exercise, which is not currently available to participants in the health care setting. Results
collected as part of the WARM Hearts study are for research purposes only and are not diagnostic,
but the information provided may help you make an informed decision about whether you would
like to seek medical advice from a primary care provider. Although this information may help you
to adopt a healthier lifestyle, your health status may or may not be influenced by your participation
in the study. If your research results are indicative of high cardiovascular disease risk, you will be
informed that you should speak to your primary healthcare provider to have diagnostic testing
performed.

Information from this study could help create a new CV disease screening tool. That tool may
someday help physicians and other health care providers to provide better care for their patients
by preventing cardiovascular problems. This new information may be used to guide the
development of future CV health initiatives.

Confidentiality

Information gathered in this research study may be published or presented in a program
evaluation report to inform Manitoba Health and key stakeholders about the outcomes of the
study. Medical records that contain your identity will be treated as confidential in accordance
with the Personal Health Information Act of Manitoba. The data collected from you during this
study may be shared in an anonymized or de-identified form with academic journals for
publication purposes or other researchers according to international guidelines. However, your
name and other identifying information will not be used or revealed in the publications. The data
may also be stored by the academic journal under an open access policy in which case it may be
used by other researchers for further data analysis and research purposes. Before
publishing/sharing any of the data, researchers will need to sign a data access and confidentiality
agreement.

All research data related to you will bear only your assigned patient code. All records will be
kept in a locked secure area and only those persons identified as Research Staff will have access
to these records. Blood and stool samples will be coded with your unique Participant ID and will
not contain any other information that could identify you in any way. If any of your
medical/research records need to be copied, information that may reveal personal identifiers will
be removed. Blood and stool samples will be kept in a lockable freezer and will be labelled with
your participant ID number so they can be linked to other study documentation (e.g.
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questionnaires, test procedure outcomes). Only Research Staff will have access to linkable
information and that information will be kept confidential by law. The Research Electronic Data
Capture (REDCap) system will also be used to support electronic data capture for participants
willing to complete surveys online and for research data storage. The server for REDCap is
stored within the Secure Research Environment of the Rady Faculty of Health Sciences.

No information revealing any personal information such as your name, address or telephone
number will leave the Asper Clinical Research Institute/Active Living Centre nor will it be used
for unauthorized purposes. Despite efforts to keep your personal information confidential,
absolute confidentiality cannot be guaranteed. Your personal information may be disclosed if
required by law. The University of Manitoba Health Research Ethics Board and the St. Boniface
General Hospital may review research-related records for quality assurance purposes. After the
completion of the study, research data will be kept for a maximum of 10 years and then
destroyed. This information will be protected as confidential in accordance with the Personal
Health Information Act of Manitoba.

Feedback

Participants in the study will be provided an opportunity to request specific feedback about their
individual results as well as the overall results of the study. If you would like to receive
feedback, please provide your contact information on the “Feedback Request Form” at the end of
this consent form package. Research staff will provide individual feedback upon request.

Costs

All research-related procedures, which will be performed as part of this study, are provided at no
cost to you.

Payment for participation
No compensation will be provided for participating in this study.

Alternatives

Instead of being in this study, you may request educational material about cardiovascular
disease.
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Voluntary Participation/Withdrawal From the Study

Your decision to take part in this study is voluntary. You may refuse to participate or you may
withdraw your data and biological samples from the study at any time by contacting the
Duhamel Lab at (204) 480-1815 or warmheartsresearch@gmail.com. Your decision not to
participate or to withdraw from the study will not affect your other medical care at this site. If
medical staff determines that it is in your best interest to withdraw you from the study, the
medical staff will inform the research team and will remove you from the study without your
consent.

We will tell you about any new information that may affect your health, welfare, or willingness
to stay in this study.

Questions

You are free to ask any questions that you may have about your treatment and your rights as a
research participant. If any questions come up during or after the study or if you have a research-
related injury, contact Dr. Todd Duhamel by phone at (204) 480-1815 or
warmheartsresearch@gmail.com. For questions about your rights as a research participant, you
may contact the University of Manitoba Health Research Ethics Board at (204) 789-3389.

A copy of this consent form will be given to you to keep for your records and reference.
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Do not sign this consent form unless you have had a chance to ask questions and have
received satisfactory answers to all questions.

Statement of Consent

I have read this consent form. | have had the opportunity to discuss this research study with Dr.
Todd Duhamel and/or his study staff. I have had my questions answered by them in language |
understand. The risks and benefits have been explained to me. 1 believe that | have not been
unduly influenced by any study team member to participate in the research study by any
statement or implied statements. Any relationship (such as employee, student or family member)
I may have with the study team has not affected my decision to participate. | understand that |
will be given a copy of this consent form after signing it. | understand that my participation in
this study is voluntary and that I may choose to withdraw at any time. | freely agree to participate
in this research study.

I understand that any blood and stool samples collected will be kept in a lockable freezer for a
10-year period and will be labelled to only contain my participant ID to link to other study
documentation (e.g. questionnaires, test procedure outcomes). | understand that information
regarding my personal identity will be kept confidential, but that confidentiality is not
guaranteed. | authorize the inspection of my research study documents by the University of
Manitoba Health Research Ethics Board, the St. Boniface General Hospital in the event that an
audit is conducted. By signing this consent form, | have not waived any of the legal rights that |
have as a participant in a research study.

Participant signature: Date:

Participant printed name: Time: AM/PM

Research Staff

I, the undersigned, have fully explained the relevant details of this research study to the
participant named above and believe that the participant has understood and has knowingly
given their consent

Printed Name: Date:
Signature: Time: AM/PM
Role in the study: Relationship to study participant:
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Feedback Request Form

Do you agree to be contacted for a future research study?

Yes |:| No |:|

| would like to receive:

a specific feedback report detailing my individual results and a summary report of the
overall study findings.

Participant signature: Date:

Participant printed name: Time: AM/PM

Please send me a copy of these reports by:

mail to the following mailing address:
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Appendix 4: Standardized Operating Procedures (SOP) for the download and analysis of
accelerometer sleep data
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Author: Alexandra Rose

WARM
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Appendix 4:
Standardized Operating
Procedures (SOP) for the
download and analysis of
accelerometer sleep data



WARM
HEARTS

(

Equipment and Information

 Participant Sleep Log
* Actilife Software
* Participants Actigraphy accelerometer (if not downloaded yet)



WARM
HEARTS

Open Actilife

* Ensure participants Sleep Log is in front of
you before going through this SOP

* Open Actilife software

* Participants accelerometer data should
already be downloaded




Click “Sleep” tab at top of
screen

e Click “Select Dataset”

 Under ABD File click
“kinrecdata W:drive”,
“Duhamel Lab”, “Sleep”

 Click on file labelled
“participant ID-Wrist
(Date) 60sec”

* WHOOO1 — Wrist —
09/12/2019 — 60sec

uuuuu PLM Graphing NHANES GPS Feature Extraction

(4] Select Dataset..  N/A

WARM
HEARTS

CentrePoint  Data Vault

O 24hr @ 4ehr

Detect Sleep Periods

(@) Select AGD File(s)
4| « Duhamellab > Sleep

Organize = New folder
HiAlex, it's me, 1% Name -
Sleep @) AR-waist (2019-08-20) 1sec
w WHDDD1- Wrist (2019-08-20)60sec
I This PC
8 30 Objects
1B Desktop
[ Documents
Jb Downloads
D Music
=) Pictures
Videos
i, DSDisk (C)
= roses (Vad.uma

= kinrecdata ad ¥ <

X
v|®  SearchSleep r
=+ m @
Type q

6 AM Actilife AGD File (...
AM Actilife AGD File (...

ate modified: 9/9/2019 11:04 AM

Add Sleep Period Remove Period

>

File nome: |

v‘ AGD Files (*agd) ~

—_—

Show Sleep Epochs Export Report




Sleep

* Select “24hr” to view dataset as it
is easier to view sleep periods.

* Ensure “Algorithm” is set to “Cole-
Kripke” in top right corner (PMID:
1455130)

* This algorithm is used to score sleep
in adult populations

* The Sadeh algorithm is used for
children and young adults
(PMID:7939118)

* Click “Add Sleep Period”

wwwww
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Entering Sleep Log

* Verifying participants sleep log
enter “In Bed Date”, “In Bed
Time, “Out Bed Date” and “Out
Bed Time”

e Set each day individually (7
separate days)

* Example of two days provided
* Click “Accept”

Q), Enter bed time...

WARM
HEARTS

x @ Enter bed time... x
Select Bed Time Select Bed Time
Dates entered are now stop time exclusive Dismiss Dates entered are now stop time exclusive Dismiss
(instead of inclusive]. Q’ Moy (instead of inclusive). QJ—MDVE Info
Data Info Data Info
Start of Data: Tuesday, August 20, 2019 2:30:00 PM Start of Data: Tuesday, August 20, 2019 2:30:00 PM
End of Data: Thursday, August 22, 2019 9:5%:00 AM End of Data: Thursday, August 22, 2019 %:5%00 AM
In Bed Date: | Tuesday , August 20, 2019 [k | In Bed Date: |‘.“..fet:lnescla:,rr August 21,2019 E~ |
In Bed Time:  [10:25 PM 5 In Bed Time:  [10:39 PM 3
Out Bed Date: |Wednesda)r, August 21, 2019 kg | QOut Bed Date: | Thursday , August 22, 2019 B~ |
Out Bed Time: OutBed Time: | &/FF AM 2
e




e After entering participants
sleep log data, ensure sleep
time on graph has little to
no movement.

* Provided is a picture of
incorrect data measurement
of the sleep score.

* |f this comes up in entering
participant sleep log, please
inform Jaqueline or Alex

STOP HERE

File  Edit

Devices  Wear Time Validation

Felp

Scoring

Batch Sleep

PLM  Graphing

NHANES

GPS

(@] Select Datasst... | CUsersiroses-INS\Documents\ActiGraph\Actil ife\Downloads\AR- Wrist (2019-08-20)60sec.agd @® ashr
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8
2
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8/21/2019 F £
8
— o
g e e
4000, 50
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8
— o
e e 200
Activity Scale: 4000 || [ Lux Lux Scale: |30 2| Luxinfo @ ® MNormal o ActoGram

View

View

Algorithm: | Cole-Kripke ~

Detect Sleep Periods

@ e

[

/2013 10:06 PM to 8/21/2019 8:33 AM

8/21/2019 11:06 PM to 8/22/2019 &:15 AM

Add Sleep Period

Remaove Period

Sleep Score Information

In Bed: 8/21/2019 11:06 PM
QutBed: 8/22/20198:15 AM

Sleep Onset: 8/21/2019 11:06 PM

Latency: 0 min

Total Sleep Time (TST): 8h 14m (434m)
Wake After Sleep Onset (WASQ]: 55 min

Awakenings: 21

Details

Avg Awakening: 2.62 min

Total Counts: 31832

Movement Index (MI): 13.297
Fragmentation Index (FI): 22.727
Sleep Fragmentation Index (SFI): 36.024

Efficiency: 90% (above 83% is normal)

Period Color |M

Show Sleep Epochs

Score Color

Export Report




Exporting Data

After filling in participants
7 days from their sleep log

* Press Export Report

* “Sleep Report Options”
screen will open up

* Click “create CSV sleep
summary with all sleep
scores

e Unclick “Create PDF with
all sleep period graphs
and sleep score summary”

2019-04-17

File Edit Help
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edit...
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] Score Color [

Show Slesp Epochs Export Report




Saving Raw Data

= | Duhamel Lab

* Save in “Sleep Raw Data”

< v P » Network » ad » kinrec » Kinrecdata > Duhamel Lab
in the “Duhamel Lab W o |
. 6 Minute Walk 8 HRV Data 8/18/2 A File folder
] ) |'z] Documents - -
d r I Ve ‘ Downlosds Accelerometer Dfata L File folder
Batch Sleep Details 9/ File folder
&= Pictures Batch Sleep Summary 9/19/2019 1:11 PM File folder
== gaudett| (\\ad.umai Call Log Backup 9/18/2019 11:59 AM  File folder
J’i Music ENCOURAGEing start g/ 019 10:11 AM  File folder
E Videos— Sleep Raw Data 8/19/2019 1:10 PM File folder
@ OneDrive
= This PC
J 3D Objects
[ Desktop
|'z| Documents
‘ Downloads
Duhamel Lab
J’i Music
| Pictures
m Videos
s 0SDisk (C)

== gaudett! (\\ad.uma
¥ Network

2020-06-01 9



WARM

Saving Raw Data HEARTS

File  Edit s Help

Template: Heart Variability Template  (Updated: 9/14/2012) @
° I n l(f | e e R a W D ata ” fO I d e r Devices  Wear Time Validation  Scoring BatchSleep  PLM  Graphing NHANES  GPS  Feature Extraction CentrePoint  DataVault
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" I Iz
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¥ Downloads Batch Sleep Details File folder
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& Pictures Call Log Backup File folder
Videos ENCOURAGEing start File folder
Sleep Raw Data File folder
DSDisk (C)
Type: File folder
£ rosea (Wad.uma Date modifi 92019 1:10 PM
= Kinrecdata (Vad Empty folder
Add Sleep Period Remove Period
= Network B
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edit..
File name: | WH 0001 - 09/23/19 - Raw Sleep -
Save as type: | CSV Files [%.csv) v
A Hide Folders Cancel
Details
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Batch Sleep Analysis

* Click “Batch Sleep”

* Ensure Algorithm is set to
“Cole-Kripke”

* Under “Overwriting Existing
Data Options”
* Sleep Scoring Algorithm is set to
“Scoring using Cole-Kripke”

e Sleep Period Detection is set to
“Use existing sleep periods (if
available)”

\\\\\\\\\\\\\

Ip
lidatior
iod ing Options (@] Add Dataset (5)...
-Kripks v @
@ Only 60 second algorithms will appear in )
iod Detection Options
aaaaaaaaaaaa @ Default O Custom
@
@
2]
ptional § eters
o Sl @ 1440
= Fini Epochs @ |12
@ Un i ction
Overwriting Existing Data Options

Sleep Scoring Algorithm: | Scoring using Cole-Kripke




Batch Sleep: Add Dataset

e Click “Add Dataset”

* Select ““participant ID-
Wrist (Date) 60sec”

 Select “Open”

Devices  Wear Time Validation
Sleep Period Scoring Options

Select Algorithm | Cole-Kripke v @

@ Only 60 second algorithms will appear in the list.

Sleep Period Detection Options

Tudor-Locke | @ Default (O Custom

@ 160 =
@ 5 :
@ 10 :

Optional Screen Parameters
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@ Understanding Sleep Period Detection
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Scoring Sleep Batch Sleep

Graphing NHANES GPS

Add Dataset(s)... - Remove Selected
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Files loaded: 0

Data Set
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iLite AGD File (.
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| [Files .

Cancel

Calculate

| Export




Batch Sleep: Calculate

File Edit Tools Help

Devices

e Click “Calculate”

Wear Time Validation

Scoring  Sleep

Batch Sleep

(] Add Dataset

Graphing

NHANES GPS

Remove Selected

Feature Extraction

WARM
HEARTS

CentrePoint  Data Vault

Files loaded: 1

and ensure Actilife C

is “Finished
Calculating”, press
IIOKII

Minimum Non-Zero Epochs @ |1

@ Understanding Sleep Period Detection

Scoring using Cole-Kripke

Use existing sleep periods (if available)

WHODD1- Wirist (2019-08-20)60sec aad

Data Set
AR- Wrist
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MOS2E08190371 | File Added | Open in Sleep Tab || Details.. = Cole-Kripke Tudor-Locke Default

() ActiLife

) Finished Calculating

1 of 1files successfully calculated.

Calculate

[ Export




WARM

Batch Sleep: Export HEARTS

o )) File Edit T Help
o S e e ( t E X p O rt Devices Wear Time Validation ~ Scoring ~ Sleep WGECSITT FPLM  Graphing NHANES ~ GPS  Feature Extraction CentrePoint  DataVault
Sleep Period Scoring Options @] Add Dataset(s).. - Remove Selected Files loaded: 1
Y7 Select Algorithm RIS ~ @ Data Set Subject Name  Serial Number Status OpeninSlespTab  Details  Sleep/Wake Algerithm  Sleep Perics
[ ) S e | e Ct ‘ re a te b a tC h @ Only 60 sccond algorithrms will appear i the list | @H]]! \WHDOO1- Virist (2018-08-20)60sec.sad  AR- Wrist MOS2E08190371 Finished Calculating | Open in Sleep Tab || Details... Cole-Kripke Tudor-Locks
Y Y Sleep Period Detection Options
lle with all sleep
L L]
@ 5 5
@ 10 -
OX (&) Batch Sleep Export Options - >
Optional Screen Parameters elect Export Options
ll Masx Sleep Period Length @ 03] minutes Create batch file with all sleep periods for all files
[ ) S e | e Ct ‘ r‘e a t e [ Minimum Non-Zero Epachs @ |15 s Create summary file with averages (similar to main batch sleep grid)
@ Understanding Sleep Period Detection Provide Default for Missing Numeric Values | Blank _ -
L] L]
summary file with e o e s
Sleep Scoring Algorithm: | Scoring using Cole-Kripke v
L] L]
daverages (SI milar to i emme—_——

main batch sleep
grid)” box

* Select “Export”




Saving Batch Sleep Files (QHEARTS

e Select “W drive”, “Duhamel Lab”
 Select “Batch Sleep Summary”
* If you are wanting to view files, press “Open Containing Folder”

* Two files will be saved (Detail and Summary)
e Detail: Day to Day analysis
e Summary: Summary of 7 days

* Rename both files, “WHID _date mm/dd/yyyy_BatchSleepDetails or
BatchSleepSummary

* Open “Batch Sleep Summary” folder, cut the BatchSleepDetails file
and paste into the “Batch Sleep Details” folder
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