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ABSTRACT 
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NIGHTTIME BLOOD PRESSURE IN YOUNG NORMOTENSIVE MALES AND 

FEMALES 
 

Muhammad Mohtasham Kathia 
University of Guelph, 2021

Advisor: 
Dr. Philip J. Millar 
 

This thesis investigated whether an acute bout of evening isometric handgrip (IHG) 

exercise can cause changes in ambulatory blood pressure. Our randomized crossover 

trial analyzed 16 young, healthy normotensives following either control or IHG visits. 

During their IHG visit, the participants performed four 2-minute isometric contractions (2 

contractions on each side) at 30% of their maximum voluntary contraction (MVC) before 

bedtime. No significant differences were observed in the magnitude of the nighttime dip 

in systolic blood pressure (SBP), diastolic blood pressure (DBP), or mean arterial 

pressure (MAP) between the two visits. There were trends towards a lower 24-hour 

SBP and post-IHG ambulatory SBP during the IHG visit, but not in the DBP and MAP. In 

conclusion, a single evening IHG bout did not cause a significant reduction in the 

nighttime blood pressure dip of normotensives. However, there was evidence for a 

potential reduction in 24-hour and post-IHG ambulatory SBP. 
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1 Chapter One: Review of Literature 

1.1 Blood Pressure 

With every contraction, the heart ejects blood into the aorta. The force exerted by 

blood on the walls of the vasculature (i.e. blood pressure) throughout the cardiac cycle 

is measured in millimeters of mercury (mmHg) and expressed as systolic blood 

pressure (SBP) over diastolic blood pressure (DBP), e.g., 120/80 mmHg (Brzezinski, 

1990; Oparil et al., 2018). SBP represents the maximum blood pressure during 

ventricular contraction, while DBP represents the minimum blood pressure during 

ventricular relaxation (Brzezinski, 1990; Oparil et al., 2018). The time-averaged 

pressure over a cardiac cycle is termed mean arterial pressure (MAP) and is considered 

critical for microvascular organ perfusion (DeMers & Wachs, 2021). According to the 

most recent American Heart Association (AHA) guidelines, normal resting blood 

pressure is considered to be <120/80 mmHg, with values consistently ≥130/80 mmHg 

labelled as hypertensive (stage 1 hypertension [130-139/80-89 mmHg], or stage 2 

hypertension [≥140/90 mmHg]) (P. K. Whelton et al., 2018). These values are slightly 

more aggressive than Canadian guidelines, which define high resting blood pressure as 

≥135/85 (Rabi et al., 2020). While guidelines do not specify a lower limit of normal 

resting blood pressure, values <90/60 mmHg (MAP of <60 mmHg) can result in poor 

tissue perfusion causing dizziness, fatigue, lightheadedness and loss of consciousness 

(Arnold & Raj, 2017; Brzezinski, 1990; DeMers & Wachs, 2021). Hence, maintaining 

resting blood pressure between 90-119/60-79 mmHg is considered optimal. 
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Resting SBP increases with age, whereas an increase in resting DBP is typical 

until the age of 50 years, after which it tends to fall in both males and females (Franklin 

et al., 1997; Ji et al., 2020). Increases in arterial stiffness and total peripheral resistance 

(TPR) are mainly responsible for these age-induced changes in resting blood pressure 

(Pinto, 2007). Moreover, adult males consistently demonstrate higher resting SBP, but 

females tend to decrease the resting SBP gap to males in older ages (>60 years) and 

even surpass them by exhibiting steeper rises in resting blood pressure during middle 

age (Franklin et al., 1997; Ji et al., 2020; Reckelhoff, 2001; Wills et al., 2011). 

1.1.1 Circadian Variations in Blood Pressure 

Blood pressure exhibits a strong diurnal pattern. Blood pressure is lowest during 

the night (sleep period), begins to rise just before the termination of sleep, and 

undergoes a morning surge upon awakening, reaching its peak during the waking hours 

(Floras et al., 1978; Hermida et al., 2001; Millar-Craig et al., 1978; Smolensky et al., 

2017). Normal nighttime blood pressure is 10-20% lower than daytime blood pressure 

(Dadlani et al., 2019; Fagard, 2009; Turner et al., 2015). There are numerous 

exogenous and endogenous drivers of this diurnal pattern of blood pressure in humans. 

Common exogenous or environmental factors include the presence of light, increased 

sound/noise, erect posture, increased physical activity, increased mental stress, food 

and salt/water ingestion during the daytime compared to nighttime (Smolensky et al., 

2017). Common endogenous or innate circadian factors include insignificant plasma 

melatonin concentration, increased plasma cortisol levels, higher sympathetic and lower 
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parasympathetic tone during wakefulness when compared to the sleep state 

(Smolensky et al., 2017).  

1.1.2 Blood Pressure Measurement 

Historically, blood pressure has been measured manually using the auscultatory 

method. Using this method, the clinician or researcher inflates a sphygmomanometer 

cuff until the brachial artery is occluded and listens to the Korotkoff sounds via a 

stethoscope while slowly releasing the cuff pressure to determine the SBP (first 

Korotkoff sound) and the DBP (disappearance of Korotkoff sounds) (Chobanian et al., 

2003; Pickering et al., 2005; Rehman & Nelson, 2021). An overwhelming majority of the 

existing epidemiological data on hypertension is based on auscultatory blood pressure 

measurement (Pickering et al., 2005). However, this method introduces the potential for 

measurement error due to poor technique, presence of white coat or masked 

hypertension, and the daily fluctuation of blood pressure due to activities of daily living 

(Pickering et al., 2006). This has driven the development of automated monitors, which 

rely on the oscillometric method whereby the sphygmomanometer cuff detects blood-

flow-induced pressure oscillations during the gradual cuff deflation (Alpert et al., 2014; 

Pickering et al., 2005). The point of maximal pressure oscillation occurs at an 

individual’s MAP, and by using a variety of algorithms that differ between different 

manufacturers and are kept confidential, SBP and DBP can be derived indirectly (Alpert 

et al., 2014; Pickering et al., 2005).  
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The use of an ambulatory blood pressure monitor (ABPM) allows out-of-office 

measurements and can generate a 24-hour blood pressure profile. These oscillometric 

devices, which consist of a blood pressure cuff which is attached to a small monitor and 

an air inflator, were developed to capture the fluctuations of blood pressure due to 

activities of daily living that in-clinic measurements fail to consider (Hinman et al., 1962; 

Kain et al., 1964). ABPMs are generally programmed to take multiple blood pressure 

readings for 24-hours at regular intervals (Pickering et al., 2005, 2006). Compared to 

continuous intra-arterial blood pressure measurements, ABPM measurements provide 

accurate and consistent readings when measuring an individual’s average 24-hour 

blood pressure (di Rienzo et al., 1983). Taking ABPM readings after 5, 10, 15, 30 or 60-

minute intervals does not significantly change the mean 24-hour blood pressure (di 

Rienzo et al., 1983). 

1.2 Regulation of Blood Pressure 

The regulation of blood pressure occurs via modulation of cardiac output (CO) 

(amount of blood ejected by the heart per minute) and/or TPR (resistance to blood flow 

in the vasculature), i.e., MAP = CO x TPR (Brzezinski, 1990). This occurs through a 

number of neural and non-neural pathways which operate on different time scales. For 

example, stretch-sensitive mechanoreceptors located in the carotid sinuses and aortic 

arch (i.e. arterial baroreceptors) evoke changes in parasympathetic and sympathetic 

activity directed toward the heart and vascular smooth muscle to maintain beat-to-beat 

blood pressure (Kougias et al., 2010; Wehrwein & Joyner, 2013). In contrast, long-term 
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pressure control is primarily thought to be mediated via changes in plasma volume by 

the kidneys (Fountain & Lappin, 2021; Guyton, 1991; Wadei & Textor, 2012). These 

mechanisms are discussed in detail in the following section. 

1.2.1 Autonomic Control of Blood Pressure 

The upper posterior wall in the right atrium of the heart contains the sinoatrial 

(SA) node, which intrinsically generates electric impulses causing atrial contraction 

(Gordan et al., 2015; West, 1955). These electric impulses are delayed at the 

atrioventricular (AV) node, allowing adequate time for ventricular filling before spreading 

to the left and right ventricles via the respective bundle branches and Purkinje fibers, 

resulting in the contractions of the ventricles (Gordan et al., 2015). The intrinsic rate of 

SA and AV node firing can be modified by the autonomic nervous system (ANS) 

through its innervation via the sympathetic (SNS) and parasympathetic nervous 

systems (PNS) (Gordan et al., 2015). SNS stimulation causes post-ganglionic 

norepinephrine release, which binds to cardiac β1 receptors, resulting in an increased 

heart rate through increased SA node firing rate and decreased AV node firing delay 

(Brodde & Michel, 1999; Gordan et al., 2015). Furthermore, it can increase the force of 

atrial and ventricular contraction through increased sarcoplasmic reticulum calcium 

release, resulting in increased stroke volume (Brodde & Michel, 1999; Gordan et al., 

2015). 

On the other hand, acetylcholine released by the PNS binds to cardiac M2 

receptors resulting in a decreased heart rate via reduced SA node firing rate and 
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increased AV node firing delay (Brodde & Michel, 1999; Gordan et al., 2015). The PNS 

also has the potential to cause small reductions in stroke volume due to reduced atrial 

contraction (Gordan et al., 2015). Taken together, increased SNS and PNS activity to 

the heart results in an increase and decrease in cardiac output, respectively. It is 

important to note that the efferent arm of the SNS and PNS do not act independently of 

each other, but a series of complex interactions exist between them. Acetylcholine 

released by the PNS can bind to the muscarinic receptors located on the pre-synaptic 

sympathetic nerve terminals and block norepinephrine release of the SNS (Elghozi & 

Julien, 2007; Ondicova & Mravec, 2010). Similarly, norepinephrine released by the SNS 

can bind to α1-adrenergic receptors located on the pre-synaptic parasympathetic nerve 

terminals and block acetylcholine release of the PNS (Elghozi & Julien, 2007; Ondicova 

& Mravec, 2010). Interestingly, the blunting of SNS by acetylcholine at the level of the 

SA node is much more dominant than the blunting of PNS induced by norepinephrine 

(Ondicova & Mravec, 2010). 

Increased SNS activity directed toward vascular smooth muscle is primarily 

responsible for inducing vasoconstriction (and thus involved in regulating TPR) through 

the binding of norepinephrine to the α1 receptors (Gordan et al., 2015; Sheng & Zhu, 

2018). On the other hand, the PNS has no direct effect on the vasculature regulating 

blood pressure, and it is the decrease in sympathetic tone that allows vasodilation to 

occur (Gordan et al., 2015). 

Overall, increased SNS activation would increase MAP due to increased cardiac 

output through its innervation of the heart and increased TPR due to its innervation of 
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vascular smooth muscle. On the other hand, increased PNS activation would result in a 

decreased MAP primarily due to a decreased cardiac output through its innervation of 

the heart, with little to no effect on the vasculature.  

1.2.1.1 Role of ANS in Mediating Diurnal Variations 

The ANS plays a vital role in the diurnal variation of blood pressure. Using both 

spectral analysis of R-R interval to indirectly quantify cardiac autonomic modulation and 

microneurography to measure muscle sympathetic nerve activity (MSNA), a decrease in 

sympathetic tone with a concomitant increase in cardiac parasympathetic modulation is 

observed when a person transitions from wakefulness to sleep (Furlan et al., 1990; 

Somers et al., 1993; Van de Borne et al., 1994). The individual contributions of the SNS 

and PNS vary during the different sleep stages, with a trend for increased SNS activity 

during the latter portion of sleep, closer to awakening (Somers et al., 1993; Van de 

Borne et al., 1994). Furthermore, increased vascular resistance and decreased blood 

flow are observed in the morning compared to the afternoon or the evening, suggesting 

increased α-mediated sympathetic vasoconstriction in humans and a greater 

sympathetic vasomotor tone after waking up (Panza et al., 1991). Taken together, the 

fall in blood pressure during sleep and the rise in blood pressure upon awakening can 

be explained by the differential activation of the ANS 

1.2.1.2 Baroreceptors 

Acute beat-to-beat regulation of blood pressure is controlled by specialized 

stretch-sensitive mechanoreceptors located in the carotid sinus and the aortic arch 
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called the arterial baroreceptors (Kougias et al., 2010). Any increase in blood pressure 

(absolute or rate of pressure development) will create a stretch in the arterial wall, 

stimulating the immediate firing of the baroreceptors (Andresen et al., 1978). The 

stimulated baroreceptors send afferent signals to the nucleus tractus soleus (NTS) 

located inside the medullary cardiovascular control center, which is the first integration 

site of baroreceptor afferent signals (Wehrwein & Joyner, 2013). The NTS will increase 

the parasympathetic outflow toward the heart by stimulating the nucleus ambiguous to 

inhibit the SA node via the vagus nerve (Wehrwein & Joyner, 2013). At the same time, 

NTS decreases sympathetic outflow toward the heart and the blood vessels by inhibiting 

the rostral ventrolateral medulla (RVLM) either directly through its own projections or 

indirectly through the stimulation of caudal ventrolateral medulla (Wehrwein & Joyner, 

2013). Overall, this differential autonomic outflow toward the heart can reduce cardiac 

output by decreasing heart rate and stroke volume, while the decreased sympathetic 

outflow targeting the blood vessels will reduce TPR by decreasing vasoconstriction, 

resulting in a lowered blood pressure (Kougias et al., 2010; Wehrwein & Joyner, 2013). 

On the other hand, a decrease in blood pressure will remove the arterial stretch, 

increasing sympathetic and decreasing parasympathetic outflow, resulting in an 

immediate overall increase in blood pressure (Kougias et al., 2010). 

Another population of specialized mechanoreceptors, called cardiopulmonary 

baroreceptors, have been found in the atria, ventricles, and the blood vessels of the 

heart and lungs (Armstrong et al., 2021; Wehrwein & Joyner, 2013). Like the arterial 

baroreceptors, the primary integration site for cardiopulmonary afference is the NTS 
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(Wehrwein & Joyner, 2013). Similarly, during periods of low pressure in healthy 

humans, the firing of cardiopulmonary baroreceptors results in a net increase in efferent 

sympathetic outflow, but during periods of high pressure, there is a net reduction in 

sympathetic outflow (Armstrong et al., 2021; Wehrwein & Joyner, 2013).  

1.2.1.3 Chemoreceptors 

Chemoreceptors are specialized cells that can be divided into two major types 

based on their anatomic location: peripheral (carotid and aortic bodies) and central 

chemoreceptors (ventral surface of the medulla) (Brinkman et al., 2021; Gordan et al., 

2015). Peripheral chemoreceptors are primarily sensitive to low arterial oxygen levels, 

during which the afference sent by the carotid and aortic chemoreceptors is integrated 

into the NTS via the glossopharyngeal and vagus nerve, respectively (Brinkman et al., 

2021; Gordan et al., 2015; Guyenet, 2006). This afference promotes gas exchange 

through the inhibition of PNS with a concomitant excitation of the SNS, resulting in 

increased ventilation, heart rate, and stroke volume, which naturally leads to a raised 

MAP (Brinkman et al., 2021; Gordan et al., 2015; Kara et al., 2003). Other factors such 

as decreased pH and increased carbon dioxide can also sensitize the peripheral 

chemoreceptors (Brinkman et al., 2021; Duffin, 1990; Kara et al., 2003). On the other 

hand, central chemoreceptors are primarily sensitive to low pH levels caused by the 

presence of increased hydrogen ions in the cerebrospinal fluid due to the diffusion of 

arterial carbon dioxide across the blood-brain barrier, leading to increased ventilation 

and SNS activity (Brinkman et al., 2021; Joyner et al., 2005).  
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1.2.1.4 The Renin-Angiotensin Aldosterone System 

The kidneys play an important role in chronic blood pressure regulation by 

maintaining fluid volume through the Renin-Angiotensin-Aldosterone System (RAAS). A 

decrease in blood pressure activates renal juxtaglomerular cells to release renin into the 

bloodstream, cleaving angiotensinogen into angiotensin I, which is further converted 

into the potent vasoconstrictor called angiotensin II via the angiotensin-converting 

enzyme (ACE) located primarily in the small blood vessels of the lungs (Fountain & 

Lappin, 2021; Guyton, 1991; Wadei & Textor, 2012). Angiotensin II increases blood 

pressure by binding to and constricting blood vessels and increasing sodium 

reabsorption and fluid retention by binding to the renal tubules (Fountain & Lappin, 

2021; Guyton, 1991; Wadei & Textor, 2012). It also stimulates the adrenal cortex to 

release aldosterone, increasing sodium reabsorption and fluid retention by binding to 

the renal tubules. (Fountain & Lappin, 2021; Guyton, 1991; Wadei & Textor, 2012). On 

the other hand, an increase in blood pressure would inhibit the RAAS system, resulting 

in decreased vasoconstriction and reduced sodium and fluid retention (Wadei & Textor, 

2012). Therefore, the RAAS is an efficient long-term regulator of blood pressure. It 

regulates MAP by modulating vascular tone and total blood volume by promoting fluid 

retention during periods of low blood pressure and fluid excretion during periods of high 

blood pressure. 
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1.3 Clinical Significance of Blood Pressure 

Approximately 50% of deaths from stroke and coronary diseases occur in people 

with higher than normal resting blood pressure (P. K. Whelton et al., 2018). There 

seems to be a linear increase in cardiovascular morbidity and mortality with increasing 

resting blood pressure levels (Chobanian et al., 2003; Lewington et al., 2002; 

Rapsomaniki et al., 2014; Vasan et al., 2001; P. K. Whelton et al., 2018). Starting from 

115/75 mmHg, every 20 mmHg increase in resting SBP and 10 mmHg increase in 

resting DBP doubles the mortality risk from various cardiovascular diseases (Lewington 

et al., 2002). Low DBP (<70 mmHg) can also be a risk factor for cardiovascular 

mortality, demonstrating a J-shaped curve (Robles et al., 2019).  

The use of 24-hour ABPM recordings is essential for the clinical determination of 

white coat or masked hypertension (Anstey et al., 2018; P. K. Whelton et al., 2018). 

White coat hypertension is when the person is normotensive outside the clinic but has 

an elevated resting blood pressure inside the clinic due to environmental stressors, 

especially the presence of a physician (Grossman, 2013; Mancia et al., 1987; Pickering 

et al., 1988). Masked hypertension is when the person is normotensive in the clinic but 

has elevated resting blood pressure outside the clinic (Anstey et al., 2018; Grossman, 

2013). Therefore, the use of ABPM is recommended to rule out or confirm the presence 

of these two conditions (Anstey et al., 2018; Chobanian et al., 2003; Grossman, 2013; 

Pickering et al., 1988; P. K. Whelton et al., 2018). Further, elevated ambulatory 24-hour 

SBP is also a better predictor of adverse cardiovascular events and all-cause mortality 
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when compared to clinic blood pressure measurements (Dolan et al., 2005; Hansen et 

al., 2005; Yang et al., 2019).  

1.3.1 Clinical Significance of Nighttime Blood Pressure and Dipping Patterns 

A critical advantage of using ABPM is that it provides information about the 

diurnal variation of blood pressure. In hypertensives, nighttime blood pressure is a 

better predictor of mortality and adverse cardiovascular events when compared to the 

clinic, daytime, or 24-hour blood pressure values (Dolan et al., 2005; Fagard et al., 

2008). Blood pressure typically falls (10 – 20%) during sleep, a phenomenon that is 

termed “dipping”. A person with a dip of less than 10% is considered a non-dipper, a 

person with a dip of more than 20% is called an extreme dipper, and a person exhibiting 

a rise in nighttime blood pressure is called a reverse dipper (Dadlani et al., 2019; 

Fagard, 2009; Turner et al., 2015). Non-dipping blood pressure profiles are common in 

patients with obstructive sleep apnea who undergo complete or partial collapse of the 

airway during sleep causing repetitive hypoxic episodes, which cause an increase in 

blood pressure due to increased SNS activity (Cuspidi et al., 2019; Pio-Abreu et al., 

2021; Seif et al., 2014). 

The literature demonstrates that reverse dipping is the worst pattern of the 24-

hour blood pressure profiles, as both hypertensives and normotensives exhibiting this 

pattern have a higher incidence of adverse cardiovascular events and all-cause 

mortality when compared to any other dipping pattern (Ben-Dov et al., 2007; Boggia et 

al., 2007; Fagard, 2009). Non-dipping hypertensives also have a higher incidence of 
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adverse cardiovascular events and all-cause mortality when compared to normal 

dippers (Ben-Dov et al., 2007; Brotman et al., 2008; Fagard, 2009). The significance of 

extreme dipping is still unclear. Some studies have found extreme dippers to have 

similar or even reduced cardiovascular events and all-cause mortality compared to 

normal dippers (Ben-Dov et al., 2007; Fagard, 2009). While others have shown a J-

shaped association between dipping status and stroke incidence, with extreme dippers 

and reverse dippers having an increased incidence of stroke compared to dippers and 

non-dippers (Kario et al., 2001). While there is no clear consensus on extreme dipping, 

non-dipping and especially reverse dipping are considered harmful blood pressure 

profiles. For example, the Japanese Ohasama study suggests a ~20% increase in 

cardiovascular mortality risk with every 5% decrease in the magnitude of nighttime 

blood pressure dip, an observation independent of an individual’s 24-hour blood 

pressure and hypertensive status (Ohkubo et al., 2002). 

1.3.2 Morning Blood Pressure Surge 

ABPM also provides important information regarding the rise in blood pressure 

around awakening. There are many different ways of characterizing the morning surge, 

with the sleep-trough surge and pre-waking surge being the most common (Bilo et al., 

2018; Kario, 2010; Xie et al., 2015). Sleep-trough surge is determined by morning blood 

pressure (average 2-hour blood pressure after waking up) minus the lowest nighttime 

blood pressure (average of three blood pressure readings centered around the lowest 

blood pressure reading) (Amici et al., 2009; Amodeo et al., 2014; Bilo et al., 2018; Israel 

et al., 2011; Kario, 2010; Kario et al., 2003; Li et al., 2010; Metoki et al., 2006; 
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Verdecchia et al., 2012; Xie et al., 2015). The pre-waking surge is calculated as 

morning blood pressure minus the pre-waking blood pressure (average 2-hour blood 

pressure just before waking up) (Bilo et al., 2018; Israel et al., 2011; Kario, 2010; Kario 

et al., 2003; Li et al., 2010; Metoki et al., 2006; Pierdomenico et al., 2014; Verdecchia et 

al., 2012; Xie et al., 2015).  

Data from the Framingham study shows the occurrence of sudden cardiac death 

to be most prominent during the early morning hours of 7-9 am, and the risk of death 

during these hours was calculated as being 70% greater than at any other time interval 

(Willich et al., 1987). Similarly, the incidence of myocardial infarction, ischemic stroke, 

and unstable angina are greater in the morning than in any other time period (Muller, 

1999). This has led to the hypothesis that an exaggerated morning surge might be a risk 

factor for adverse cardiovascular outcomes. Some studies support this statement as 

exaggerated morning surge is associated with adverse cardiovascular events, cerebral 

infarcts, stroke, and all-cause mortality (Amici et al., 2009; Amodeo et al., 2014; Kario et 

al., 2003; Metoki et al., 2006; Pierdomenico et al., 2014). Others have reported an 

inverse relationship between the morning surge and adverse cardiovascular events 

(Israel et al., 2011; Verdecchia et al., 2012). These divergent views can be explained 

due to the difference in dipping status, as there is a positive correlation between the 

magnitude of the nighttime dip and the morning surge (Verdecchia et al., 2012). Hence, 

non-dippers would exhibit a modest morning surge but will be at an increased risk of 

adverse cardiovascular events (Verdecchia et al., 2012). Interestingly, it has been 

shown that non-dippers with a greater morning surge (>12 mmHg) had lower mortality 
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when compared to non-dippers with a lower morning surge, even after adjusting for age, 

sex, treated diabetes, treated hypertension and 24-hour SBP (Israel et al., 2011). 

Therefore, the dipping profile of a person should be considered when discussing the 

effects of the morning surge. 

1.4 Blood Pressure Lowering Interventions 

At the population level, a 2 mmHg reduction in resting SBP can reduce stroke 

mortality, coronary heart disease mortality, and all-cause mortality by 6%, 4%, and 3%, 

respectively, while a reduction of 5mmHg can reduce stroke mortality, coronary heart 

disease mortality, and all-cause mortality by 14%, 9%, and 7%, respectively (Chobanian 

et al., 2003). AHA guidelines recommend that anti-hypertensive therapies should 

include both pharmacological and lifestyle modifications with the resting blood pressure 

target of <130/80 mmHg (P. K. Whelton et al., 2018). These recommendations are 

primarily based on the results of the SPRINT trial, which found that older, non-diabetic 

hypertensive patients had lower rates of adverse cardiovascular events and all-cause 

mortality when treated to a resting SBP goal of <120 mmHg vs. <140 mmHg (SPRINT 

Research Group et al., 2015). Further work is needed to confirm the therapeutic benefit 

of more aggressive blood pressure thresholds in other populations.  

1.4.1 Pharmacological Intervention 

Pharmacological intervention is only considered a primary mode of intervention in 

stage 1 hypertensives (≥ 130/80 but ≤ 139/89 mmHg) who are at an increased risk of 
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cardiovascular disease or stage 2 hypertensives (≥ 140/90 mmHg) (Chobanian et al., 

2003; P. K. Whelton et al., 2018). Thiazide diuretics, ACE inhibitors, angiotensin 

receptor blockers (ARB), and calcium channel blockers are the most commonly 

prescribed antihypertensive drugs as they effectively reduce adverse cardiovascular 

events and total mortality (Chobanian et al., 2003; Neal et al., 2000; Rabi et al., 2020; 

Suchard et al., 2019; P. K. Whelton et al., 2018). Thiazide diuretics reduce blood 

pressure by decreasing salt and fluid retention at the kidneys, thus promoting fluid loss 

resulting in a decreased plasma volume and cardiac output (Ram, 2002). ACE inhibitors 

block the conversion of angiotensin I into angiotensin II, while ARBs block angiotensin II 

receptors located on the vasculature (Ram, 2002). Together, they both reduce TPR by 

decreasing Angiotensin II-induced vasoconstriction (Ram, 2002). Calcium channel 

blockers block the L-type calcium channels and can be classified into different types, 

some of which act on the heart to reduce cardiac contractility, while others act on the 

vasculature and promote vasodilation (Elliott & Ram, 2011; Ram, 2002).  

1.4.2 Lifestyle Modifications 

Lifestyle modifications are the primary mode of lowering resting blood pressure in 

normotensives and stage 1 hypertensives who are not at increased risk of 

cardiovascular disease (P. K. Whelton et al., 2018). Weight loss, healthy diet (e.g. 

DASH diet), dietary sodium reduction, smoking cessation, physical activity, and 

moderation of alcohol intake are the recommended lifestyle modifications for lowering 

resting blood pressure (Chobanian et al., 2003; P. K. Whelton et al., 2018). Data from 

the Framingham study has shown a positive association between body mass index 
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(BMI) and resting blood pressure, with resting SBP being 16-17 mmHg higher in the 

highest BMI quintile than the lowest quintile (Higgins et al., 1987). Further, a 10-pound 

increase in body weight was associated with a 4.4 mmHg and 4.2 mmHg increase in 

resting SBP in males and females, respectively (Higgins et al., 1987). A recent cross-

sectional study involving 7611 participants showed that a ~10 kg/m2 increase in BMI 

could double the risk of hypertension (Poorolajal et al., 2016). A meta-analysis of 83 

studies found an overall pooled reduction of 2.68 mmHg in resting SBP and 1.34 mmHg 

in resting DBP after a weight loss of at least <10% following a 6-12 months intervention 

involving hypocaloric diet, exercise, or both of them combined in overweight and obese 

normotensives and hypertensives (Zomer et al., 2016). Therefore, weight loss should be 

an essential part of any anti-hypertensive strategy in overweight and obese individuals.  

The DASH diet was first developed based on numerous separate observations 

that diets low in sodium and fat but high in fiber, potassium, and calcium resulted in 

lower resting blood pressure (Appel et al., 1997). As a result, the DASH diet promotes 

the consumption of fruits, vegetables, whole grains, and low-fat dairy but limits food high 

in saturated and total fat and has been shown to lower resting SBP by 3.5 mmHg and 

11.4 mmHg in non-hypertensives (defined in the study as <140/80 mmHg) and 

hypertensives (≥140/80 mmHg), respectively (Appel et al., 1997). When combined with 

dietary sodium restriction, the blood pressure lowering effect of the DASH diet is 

accentuated (Sacks et al., 2001). Current guidelines recommend restricting dietary 

sodium to 1500 mg/day, but 1000 mg/day produces the optimal effect for lowering 

resting blood pressure (P. K. Whelton et al., 2018). Similarly, reducing alcohol intake to 



 

 

18 

  

2 drinks (1 ounce) per day in males and 1 drink (0.5 ounces) per day in females can 

reduce resting SBP by 3 mmHg and 4 mmHg in normotensives and hypertensives, 

respectively (Chobanian et al., 2003; P. K. Whelton et al., 2018; Xin et al., 2001).  

Finally, the role of physical activity in the prevention and treatment of 

hypertension should not be overlooked. A recent meta-analysis found that the risk of 

developing hypertension decreased by 6% with every 10 MET h/week increase in 

physical activity (X. Liu et al., 2017). Increased physical activity through different forms 

of exercise effectively lowers 24-hour, daytime, and nighttime blood pressure in both 

normotensives and hypertensives (Cornelissen & Fagard, 2005b; Cornelissen & Smart, 

2013; Saco‐Ledo et al., 2020). Aerobic, dynamic resistance and isometric exercise are 

three specific forms of physical activity supported by the recent AHA guidelines and 

discussed in detail below (P. K. Whelton et al., 2018). 

1.4.2.1 Aerobic Exercise 

1.4.2.1.1 Effects of Acute Aerobic Exercise 

Aerobic exercise involves dynamic coordinated movements of muscle groups 

and is characterized by consistent elevation of cardiac output (Cornelissen & Smart, 

2013). In both normotensives and hypertensives, there is a sustained reduction in 

resting blood pressure after an acute bout of exercise, a phenomenon called post-

exercise hypotension (Bermudes et al., 2004; de Brito, Fecchio, et al., 2019; Kenney & 

Seals, 1993; Lopes et al., 2020; Marceau et al., 1993; Quinn, 2000). The magnitude (2 

mmHg – 12mmHg) and duration (4 hours – 16 hours) of post-exercise hypotension 
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varies widely between individuals, with larger effects seen in hypertensives than 

normotensives (Brandão Rondon et al., 2002; Cardoso et al., 2010; Pescatello et al., 

1991, 2015; Pescatello & Kulikowich, 2001; Quinn, 2000; Taylor-Tolbert et al., 2000).  

The hypotensive effects of an acute bout of aerobic exercise on 24-hours and 

nighttime blood pressure have been equivocal, with data suggesting that post-exercise 

hypotension following a single aerobic bout only lasts during the day, with little to no 

reductions during the night (Cardoso et al., 2010). Greater nighttime blood pressure 

reductions have been observed in non-dippers after a 30-minute evening bout of 

treadmill walking at 50% VO2 peak compared to an evening bout performed by the 

dippers (Park et al., 2005). One important factor overlooked by most studies is the time 

at which an exercise bout is performed. De Brito et al. recruited 13 pre-hypertensive 

males. They observed that a 45-minute cycling protocol at 50% VO2 peak resulted in 

significant reductions in nighttime blood pressure only if the exercise was performed in 

the evening (6:30 pm) and not in the morning (9 am) (de Brito et al., 2018). This result is 

not consistent between studies, as a 30-minute bout of aerobic treadmill walking at 65% 

of maximum heart rate performed in the morning (7 am) resulted in lower nighttime 

blood pressure and better sleep quality when compared to an afternoon (1 pm) or an 

evening (7 pm) aerobic bout in pre-hypertensive males and females (Fairbrother et al., 

2014). Similarly, the timing of aerobic exercise did not seem to have any effect in 

normotensive individuals when an acute 30-minute cycling bout at 70% VO2 peak was 

performed either at 8 am or at 4 pm (Jones et al., 2009). Hence, the effects of acute 

exercise and its timing on nighttime blood pressure remain unclear.  
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1.4.2.1.2 Effects of Chronic Aerobic Training 

The AHA recommends 90-150 minutes of aerobic activity per week at a 

moderate intensity of 65-75% of heart rate reserve (HRR) (P. K. Whelton et al., 2018). 

Different forms of aerobic exercise, including cycling, walking, running, and their 

combinations are equally effective in lowering resting blood pressure (S. P. Whelton et 

al., 2002). A meta-analysis including 59 aerobic training studies found an overall 

reduction of 3.5 mmHg and 2.5 mmHg in resting SBP and DBP, respectively 

(Cornelissen & Smart, 2013). It is also important to note that the blood pressure 

lowering effects of chronic aerobic exercise training are more pronounced in 

hypertensives than normotensives (Cornelissen & Fagard, 2005b; Cornelissen & Smart, 

2013; Pescatello et al., 2015; P. K. Whelton et al., 2018). 

A recent meta-analysis consisting of 37 studies with healthy normotensive and 

hypertensive males and females demonstrated reductions in 24-hour, daytime, and 

nighttime blood pressure following aerobic training (Sosner et al., 2017). Individuals with 

higher baseline blood pressure had greater reductions in 24-hour and daytime blood 

pressure, but nighttime blood pressure reduction was similar regardless of baseline 

blood pressure (Sosner et al., 2017). Other factors like an individual’s sex, age, exercise 

intensity, exercise frequency, and exercise duration did not have a major impact on the 

24-hour, daytime and nighttime blood pressure reduction (Sosner et al., 2017). 

However, most studies included in this meta-analysis used moderate-intensity 

continuous training (MICT). The hypotensive effects of high-intensity interval training 

(HIIT) showed that both MICT and HIIT similarly reduced all ambulatory blood pressure 
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measures, except for nighttime DBP where HIIT training was superior to MICT (Way et 

al., 2019). 

Most meta-analyses have not studied the hypotensive effects of morning versus 

evening aerobic training. De Brito and colleagues divided 50 medicated hypertensive 

males into morning (7 – 9 am) and evening (6 – 8 pm) aerobic training and control 

groups with aerobic training groups cycling at a moderate intensity for 45 minutes and 

control groups stretching for 30 minutes, 3 times a week for 10-weeks (de Brito, 

Peçanha, et al., 2019). The group partaking in evening aerobic training had greater 

reductions in clinic SBP during both the morning and evening evaluations when 

compared to either the morning training group or the control groups (de Brito, Peçanha, 

et al., 2019). Similarly, a reduction in both 24-hour and nighttime DBP was observed in 

the evening training group when compared to the morning training or the control groups 

(de Brito, Peçanha, et al., 2019). All other blood pressure measures were not 

significantly different between the groups (de Brito, Peçanha, et al., 2019). Although it 

seems like regularly performing aerobic training in the evening results in a greater 

reduction in some blood pressure variables, more studies are needed to confirm these 

results. 

1.4.2.2 Dynamic Resistance Exercise 

1.4.2.2.1 Effects of Acute Dynamic Resistance Exercise 

Dynamic resistance exercises consist of both concentric and eccentric muscle 

contraction against a resistive load, where both the muscle length and tension changes 
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during each repetition (Cornelissen & Smart, 2013). A few decades ago, resistance 

exercises were not prescribed to hypertensives due to fear of its blood pressure raising 

effect, but now there is a consensus among the scientific community that low, and 

moderate-intensity resistance training is safe and provides numerous health benefits 

(Casonatto et al., 2016; Chobanian et al., 2003; Cornelissen & Fagard, 2005a; H. V. 

MacDonald et al., 2016; P. K. Whelton et al., 2018). Current anti-hypertensive 

guidelines recommend dynamic resistance training, involving at least 6 different 

exercises with 3 sets of 10 repetitions each, at 50-80% of 1 repetition maximum (RM) 

(P. K. Whelton et al., 2018).  

A meta-analysis of 81 trials showed a reduction in both resting SBP and DBP, 

60-minutes (-3.3/-2.7 mmHg) and 90-minutes (-5.3/4.6 mmHg) after a single bout of 

resistance exercise (Casonatto et al., 2016). Although post-exercise hypotension was 

present in both hypertensive and normotensive individuals, the magnitude of blood 

pressure reduction seen in hypertensives were greater than normotensives (Casonatto 

et al., 2016). In 10 studies examining 24-hour blood pressure, a modest but statistically 

significant decrease of 1.7 mmHg SBP and 1.2 mmHg DBP was found after an acute 

bout of resistance exercise (Casonatto et al., 2016). The meta-analysis did not report 

the effects on nighttime blood pressure due to a paucity of studies investigating this 

period.  

A systematic review directly investigated the hypotensive effect of an acute 

dynamic resistance exercise on 24-hour, daytime, and nighttime blood pressure and 

reported that out of 5 total studies, none observed any significant decrease in 24-hour 
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blood pressure (Cardoso et al., 2010). One study demonstrated a 5% reduction in 

nighttime DBP in normotensives with no changes in 24-hour or daytime SBP or DBP 

(Bermudes et al., 2004). The other 4 studies did not observe any change in nighttime 

blood pressure in either normotensives or hypertensives (Hardy & Tucker, 1998; Melo 

et al., 2006; Queiroz et al., 2009; Roltsch et al., 2001). There is conflicting data on the 

duration of post-exercise hypotension following resistance exercise. A significant blood 

pressure reduction was observed in 24 unmedicated hypertensive males after 

performing a 45-minute resistance exercise session, consisting of 7 exercises with 8-12 

repetitions performed till failure, but lasted only one hour (Hardy & Tucker, 1998). On 

the other hand, 12 medicated hypertensive males performing 6 exercises at a lower 

intensity (20 reps at 40% 1RM) observed post-exercise hypotension lasting 10-hours 

during the daytime period (Melo et al., 2006). It has been postulated that the difference 

in post-exercise hypotensive duration may be due to differences in medication status or 

the intensity of the exercise protocol (Cardoso et al., 2010; Hardy & Tucker, 1998; Melo 

et al., 2006).  

An important detail overlooked by Cardoso’s group is the timing of the exercise 

session. Both the studies performed exercise in the morning and saw no reduction in 

nighttime blood pressure, perhaps due to the limited duration of post-exercise 

hypotension (Hardy & Tucker, 1998; Melo et al., 2006). Alley and colleagues conducted 

a randomized crossover trial where 24 normotensive males and females participated in 

the morning (7 am), afternoon (1 pm), and evening (7 pm) sessions of 9 resistance 

exercises involving different muscle groups, consisting of 3 sets of 10 reps at 65% of 1-
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RM (Alley et al., 2015). There was no difference in the nighttime blood pressure when 

comparing nighttime blood pressure of resistance training visit to that of the control visit, 

regardless of the exercise timing (Alley et al., 2015). To date, no study has compared 

the timing of dynamic resistance exercise to 24-hour or nighttime blood pressure 

reduction in a hypertensive population.  

1.4.2.2.2 Effects of Chronic Dynamic Resistance Training 

Resistance training is often prescribed as a supplement to aerobic training rather 

than a standalone therapy, as more data supports the enhanced resting blood pressure 

lowering effect of chronic aerobic training (Pescatello et al., 2015; P. K. Whelton et al., 

2018). A meta-analysis of 64 studies with 2344 participants found that regular dynamic 

resistance training reduced resting SBP in hypertensives (-5.7 mmHg) and pre-

hypertensives (-3 mmHg), but not normotensives, indicating a dose-response based on 

baseline resting blood pressure (H. V. MacDonald et al., 2016). Trials that employed 

more than 8 dynamic resistance training sessions and studied unmedicated 

hypertensives showed the largest reductions in resting SBP (-11.8 mmHg) (H. V. 

MacDonald et al., 2016). Overall, the net pooled resting blood pressure reductions of 3 

mmHg SBP and 2.1 mmHg DBP after dynamic resistance training are comparable to 

those of 3.5 mmHg and 2.5 mmHg after aerobic training (Cornelissen & Smart, 2013; H. 

V. MacDonald et al., 2016). Therefore, current evidence suggests resistance training 

could be used as a stand-alone anti-hypertensive therapy in pre-hypertensives and 

hypertensives. 
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Only a handful of studies have directly examined the effects of chronic resistance 

training on ambulatory blood pressure, and fewer report its effect on nighttime blood 

pressure. In a meta-analysis by Saco-Ledo and colleagues, only 3 out of 15 studies 

directly investigated the effects of chronic resistance training on ambulatory blood 

pressure and reported no significant reduction in 24-hour, daytime, or nighttime blood 

pressure after a resistance training program (Saco‐Ledo et al., 2020). One of the first 

studies examined normotensives and borderline hypertensives after a 16-week full-body 

resistance training program and observed no differences in resting, 24-hour, daytime, or 

nighttime blood pressure after training (Van Hoof et al., 1996). Recently, Bertani and 

colleagues observed a significant increase in the magnitude of the nighttime DBP dip (-

11 mmHg) after a 12-week resistance training program compared to a control group. 

Still, no such changes were observed in either the SBP dip or the 24-hour blood 

pressure among non-dipping hypertensives (Bertani et al., 2018). Boeno and colleagues 

observed a reduction in the daytime and 24-hour blood pressure but not nighttime blood 

pressure after a 12-weeks resistance training program in medicated hypertensive 

dippers (Boeno et al., 2020). Due to the lack of studies in this field, significant variations 

in the dynamic resistance training protocol, and conflicting reports, the effects of chronic 

resistance training on 24-hour, daytime, and nighttime blood pressure remain unclear. 
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1.4.2.3 Isometric Exercise 

1.4.2.3.1 Effects of Acute Isometric Exercise 

An isometric contraction involves the production of muscle force with little to no 

change in muscle length. Isometric exercise performed to reduce resting blood pressure 

is usually completed using leg or handgrip contractions (Cornelissen & Smart, 2013; 

Millar et al., 2014). The existence of post-exercise hypotension following an acute bout 

of isometric exercise is controversial. Millar and colleagues reported an immediate 

reduction of 3 mmHg in resting SBP measured 5 minutes after older normotensives 

completed a single bout of IHG with a standard protocol of four 2-minute contractions at 

30% of their maximum voluntary contraction (MVC) with a minute of rest in between 

(Millar et al., 2009). Recently, using a different IHG protocol of eight 1-minute 

contractions at 30% MVC, Souza and colleagues also showed reductions in resting 

SBP of 10 older medicated hypertensives which started at 15-minutes (-14.4 mmHg) 

after the cessation of the exercise and persisted until the end of the measurement 

period, i.e., 60-minutes (-18.7 mmHg) (Souza et al., 2018). In contrast, no reductions in 

resting blood pressure were found after performing IHG exercise in medicated 

hypertensive with coronary artery disease (Goessler et al., 2016). Similarly, no 

reductions in resting blood pressure were seen after a single bout of IHG exercise of 

varying intensities in medicated hypertensives (Silva et al., 2018). Due to the lack of 

sufficient studies investigating the acute effects of isometric exercise on resting blood 

pressure, no concrete conclusion can be drawn regarding its efficacy. 
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A recent study is one of the few studies that directly investigated the effects of an 

acute bout of IHG exercise on 7-hour ambulatory blood pressure in 15 pre-

hypertensives, and hypertensives who participated in a standard IHG protocol of four 2-

minutes sustained contractions at 30% MVC with a minute of rest in-between (van 

Assche et al., 2017). Even though 7-hour ambulatory blood pressure data was only 

available for 10 participants, the researchers found a significant reduction of 5.4 mmHg 

in the ambulatory SBP after a single bout of IHG exercise (van Assche et al., 2017). In 

the only acute study that investigated nighttime blood pressure, no reduction in 24-hour, 

daytime, or nighttime blood pressure was found after a single bout of standard IHG 

exercise in pre-hypertensive and hypertensives compared to the control or the aerobic 

exercise visit (Ash et al., 2017). To date, no study has ever studied the effects of a 

single bout of IHG exercise on 24-hour and nighttime blood pressure in young 

normotensive males and females. Moreover, no study has investigated the timing of an 

acute isometric exercise bout on any blood pressure measure. Given the 5.4 mmHg 

mean reduction in SBP 7-hours after an acute IHG bout in hypertensives, it is possible 

that performing such an exercise in the evening, rather than the morning, would result in 

greater reductions of nighttime blood pressure due to the phenomenon of post-exercise 

hypotension (van Assche et al., 2017). 

1.4.2.3.2 Effects of Chronic Isometric Training 

The first evidence regarding the blood pressure lowering effects of chronic 

isometric training was documented by Kiveloff and Huber, who studied the effects of 

simultaneous maximal isometric contractions of the neck, extremities, abdomen, and 
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buttocks. After 5 to 8 weeks of their isometric training program, there was a marked 

reduction in resting SBP and DBP in hypertensives but not in normotensives (Kiveloff & 

Huber, 1971). Furthermore, marked reductions in resting blood pressure persisted for 

11 weeks when hypertensives kept training isometrically, even after stopping their anti-

hypertensive medications (Kiveloff & Huber, 1971).  

Current AHA guidelines recommend IHG training consisting of 3 sessions a week 

with 4 sets of 2-minute contractions at 30-40% MVC with a minute of rest between the 

sets (P. K. Whelton et al., 2018). While the guidelines do not specifically mention the 

use of leg isometric training, numerous studies have reported significant blood pressure 

lowering effects of a 4-8-week leg isometric training program (Baross et al., 2012, 2013; 

K. A. Taylor et al., 2019; Wiles et al., 2010, 2017). A lack of time, personal motivation, 

and access to exercise facilities are the most common reasons for the lack of physical 

activity (Chinn et al., 1999). These barriers can be tackled by isometric training. A 40-

minutes weekly program of isometric training has the potential to produce comparable 

reductions in resting blood pressure when compared to the commonly recommended 

150 minutes per week of aerobic exercise (Inder et al., 2016; Smart et al., 2019; P. K. 

Whelton et al., 2018). Moreover, isometric training can be conveniently done at home 

with either an inexpensive handgrip device or a simple isometric wall squat (Millar et al., 

2008; Smart et al., 2019; K. A. Taylor et al., 2019; Wiles et al., 2017).  

Reductions in resting blood pressure, although of different magnitude, are seen 

consistently in both normotensives and hypertensives (Badrov, Bartol, et al., 2013; 

Badrov, Horton, et al., 2013; McGowan et al., 2006; Millar et al., 2013; Peters et al., 
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2006; A. C. Taylor et al., 2003; Wiley et al., 1992). Inder and colleagues compiled 11 

studies (6 IHG and 5 leg isometric) in their meta-analysis and found an overall reduction 

of 5.2 mmHg resting SBP and 3.9 mmHg resting DBP following isometric exercise. 

Slightly greater resting SBP reductions were observed in studies employing the IHG 

protocol (-6.9 mmHg) vs. leg isometric exercise (-4.2 mmHg) and in studies with >8 

weeks training duration (-7.3 mmHg) vs. <8 weeks (-3 mmHg) (Inder et al., 2016). 

Hypertensives only had significantly greater reductions in resting MAP (-5.9 mmHg) but 

not in SBP or DBP after isometric training compared to normotensives (Inder et al., 

2016). However, only 3 of the 11 studies recruited hypertensives, which were all 

medicated with a wide range of baseline resting blood pressures (Inder et al., 2016). A 

more recent meta-analysis consisting of 12 studies with 326 participants also reported 

similar resting blood pressure reductions of 6.2 mmHg resting SBP and 2.8 mmHg 

resting DBP in both normotensives and hypertensives (Smart et al., 2019). Although not 

statistically significant, a trend toward greater resting SBP reductions was seen in 

unmedicated hypertensives (-10.2 mmHg) when compared to the medicated 

hypertensives (-5.9 mmHg) (Smart et al., 2019). Overall, these resting blood pressure 

reductions are comparable to those seen with chronic aerobic training. 

Few studies have investigated the effects of chronic isometric training on 24-hour 

and nighttime blood pressure. Stiller-Moldovan and colleagues examined the effects of 

an 8-week IHG training program on 24-hour blood pressure in 11 medicated 

hypertensives and compared it to the control group of 9 medicated hypertensives. The 

researchers reported no significant difference in resting, 24-hour, and nighttime blood 
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pressure after IHG training (Stiller-Moldovan et al., 2012). Although not statistically 

significant, the researchers did observe a 24-hour SBP reduction of 3 mmHg and 

nighttime SBP reduction of 2 mmHg in the IHG group (Stiller-Moldovan et al., 2012). 

The small sample size might have contributed to the lack of statistical significance, but 

clinical relevance may persist. The small reductions may also be attributed to the 

normal baseline SBP of the medicated hypertensives in IHG (113.9 mmHg) and control 

(117.8 mmHg) groups (Stiller-Moldovan et al., 2012). However, another study with 48 

medicated hypertensives divided into three groups (control, home-based IHG and 

supervised IHG) similarly reported no reduction in 24-hour, daytime or nighttime blood 

pressure between the intervention and control groups (Farah et al., 2018). In contrast, 

studies involving unmedicated hypertensives and normotensives report significant 

reductions in 24-hour and nighttime blood pressure (Somani et al., 2017; K. A. Taylor et 

al., 2019). Taken together, the anti-hypertensive effect of the isometric training might be 

dampened by concurrent medications, but no definitive statements can be made. 

1.4.2.4 Mechanisms: Acute and Chronic Post-Exercise Hypotension 

Exercise training can affect blood pressure by modifying CO or TPR (DeMers & 

Wachs, 2021; Sabbahi et al., 2016). A review by Macdonald investigating the 

mechanisms responsible for hypotension following an acute bout of exercise found 

conflicting evidence, with some studies supporting the role of a reduced CO while 

others are supporting the role of a reduced TPR in both hypertensives and 

normotensives (J. R. MacDonald, 2002). On the other hand, although participating in 

chronic aerobic and resistance training has been shown to lower resting heart rate, 
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resting CO does not change due to increased resting stroke volume, which is a 

beneficial adaptation to chronic exercise (Fagard, 2006). A meta-analysis by 

Cornelissen and Fagard compiled 17 studies and saw a 4.3% reduction in average 

resting blood pressure, which was explained by a 7.1% reduction in TPR with no 

change in CO (Cornelissen & Fagard, 2005b). The majority of the studies utilizing 

isometric training do not show any changes in resting CO, stroke volume, or heart rate, 

but some studies have shown increased cardiac vagal modulation after >8 weeks of 

IHG training in hypertensives (Millar et al., 2013, 2014; A. C. Taylor et al., 2003). 

Nonetheless, a reduction in TPR is thought to be the primary cause of a lower resting 

blood pressure following any form of exercise (Cornelissen & Fagard, 2005b; Nystoriak 

& Bhatnagar, 2018; Sabbahi et al., 2016). 

An acute bout of exercise places shear stress on the arterial wall due to 

increased blood flow, triggering the nitric oxide synthase located in the endothelium to 

increase the production of the potent vasodilator, nitric oxide, which can lower TPR (Di 

Francescomarino et al., 2009; Godo & Shimokawa, 2017; Halliwill, 2001; Halliwill et al., 

2013; J. R. MacDonald, 2002; Pescatello et al., 2004; Tousoulis et al., 2012). Nitric 

oxide is critical for maintaining a healthy endothelial function (Di Francescomarino et al., 

2009; Godo & Shimokawa, 2017). Hypertensives have an increased incidence of 

endothelial dysfunction characterized by poor nitric oxide-dependent vasodilation and 

reduced nitric oxide bioavailability, resulting in an increased TPR (Calver et al., 1992; 

Sabbahi et al., 2016; Tousoulis et al., 2012). Chronic exposure to recurrent bouts of 

arterial shear stress through regular exercise training can improve nitric oxide-
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dependent vasodilation in the long-term resulting in a lower resting TPR in both 

normotensives and hypertensives (Di Francescomarino et al., 2009; Higashi et al., 

1999; Sabbahi et al., 2016). While an acute bout of exhaustive exercise puts increased 

oxidative stress on the vasculature, chronic training upregulates the expression of 

antioxidant enzymes, which prevent the breakdown of nitric oxide from reactive oxygen 

species, increasing nitric oxide bioavailability (Ashor et al., 2015; Gielen et al., 2010; 

Kojda & Hambrecht, 2005). Reactive oxygen species, cytokines, increased temperature, 

and muscular vibration might stimulate histamine release during exercise recovery 

(Halliwill et al., 2013). Histamines bind to H1 and H2 receptors, which are critical for the 

maintenance of sustained post-exercise vasodilation, as histamine receptor antagonism 

after 60-min bout of cycling in both sedentary and athletic individuals has been shown to 

reduce vasodilation by ~80% and post-exercise hypotension by ~65% (Halliwill et al., 

2013).   

When measuring conduit-artery endothelial function using brachial artery flow-

mediated dilation (FMD), Ashor and colleagues showed a significant improvement in 

endothelial function after aerobic and dynamic resistance training when collating 51 

randomized controlled trials with participants of varying health status, i.e., 

normotensives, hypertensives, cardiovascular and metabolic patients (Ashor et al., 

2015). However, research by McGowan and colleagues has shown that IHG training 

improves brachial artery FMD only in hypertensives and not in normotensives 

(McGowan et al., 2006, 2007). Although there was no significant difference in the 

brachial artery FMD, the peak reactive hyperaemic blood flow was increased after IHG 
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training, suggesting improved resistance vessel function in normotensives (McGowan et 

al., 2007; Millar et al., 2014). Resistance vessel function is considered a more critical 

determinant of TPR (Millar et al., 2014). Other studies involving IHG training have 

consistently shown improved resistance vessel function concomitant with a significant 

reduction in resting blood pressure in young normotensive males and females (Badrov, 

Bartol, et al., 2013; Badrov et al., 2016). Moreover, resistance vessel dysfunction better 

predicts a 5-year cardiovascular risk than conduit artery dysfunction (Lind et al., 2011).  

Increased resting MSNA is consistently observed in hypertensives which may be 

responsible for increasing TPR through vasoconstriction (Pescatello et al., 2004). 

Therefore, reductions in resting sympathetic outflow could be one of the mechanisms by 

which exercise lowers resting blood pressure. However, evidence for decreased resting 

sympathetic outflow measured through microneurography or plasma catecholamine 

levels following an acute bout of exercise is mixed (J. R. MacDonald, 2002; Pescatello 

et al., 2004). Floras and colleagues have shown reduced MSNA and resting blood 

pressure 60-minutes after a single 45-minute treadmill exercise session at 75% of HRR 

in 9 borderline hypertensive males (Floras et al., 1989). Replicating the same treadmill 

protocol, Floras and Senn failed to observe a reduction in MSNA, plasma noradrenaline 

and resting blood pressure in 10 normotensive males (Floras & Senn, 1991). Halliwill 

and colleagues observed reduced MSNA and resting blood pressure in 10 

normotensive males and females following a 60-minute cycling bout at a 60% VO2 

peak. Interestingly, sympathetic transduction or vascular α-adrenergic receptor’s 
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responsiveness to increased sympathetic outflow also seemed to be blunted following 

an acute cycling bout (Halliwill et al., 1996).  

A review of 9 studies investigating the effects of chronic aerobic exercise on resting 

blood pressure and MSNA in normotensive males and females found reductions in 

resting blood pressure, but 8 out of 9 studies did not see any change in resting MSNA 

(Carter & Ray, 2015). Similarly, only one study by the same group directly investigated 

the effects of an 8-week dynamic resistance training program, consisting of 3 sessions a 

week, on resting blood pressure and MSNA in normotensive males and females (Carter 

et al., 2003). Although resting blood pressure was decreased after training, no reduction 

in MSNA was observed (Carter et al., 2003). Similarly, 4 or 5 weeks of IHG training 

reduced resting blood pressure without changing the resting MSNA in normotensives 

(Carter & Ray, 2015; Ray & Carrasco, 2000; Saito et al., 2009). Therefore, existing 

literature does not seem to suggest that a reduction in MSNA is primarily responsible for 

the blood pressure lowering effect seen in normotensives after a chronic exercise 

training program. So far, only two studies have directly investigated the impact of 

regular aerobic training on resting blood pressure and MSNA in hypertensives, and both 

found significant reductions in resting MSNA with a concomitant decrease in resting 

blood pressure using either MICT or HIIT (Ehlers et al., 2020; Laterza et al., 2007). On 

the other hand, no study has investigated the effects of either dynamic resistance 

training or isometric training on resting blood pressure and MSNA simultaneously in 

hypertensives (Carter & Ray, 2015). It is possible that reductions in sympathetic outflow 

are only observed in individuals with accentuated resting sympathetic outflow. 
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2 Chapter Two: Purpose and Hypothesis 

2.1 Purpose 

The purpose of this study was to determine if an acute bout of evening isometric 

handgrip (IHG) exercise would result in a greater nighttime blood pressure dip in young 

healthy normotensive males and females between the ages of 18-35 years when 

compared to a non-exercising control visit. The secondary aim was to investigate the 

effects of evening IHG exercise on different ambulatory blood pressure periods, 

morning surge and blood pressure variability in this population. 

2.2 Hypothesis 

An acute bout of IHG exercise will cause accentuated reductions in nighttime and 

ambulatory blood pressure in young healthy normotensive males and females between 

the ages of 18-35 years compared to a non-exercising control visit. IHG exercise will 

also cause reductions in the magnitude of morning surge and blood pressure variability. 

2.3 Individual Contributions 

I was involved in designing the study protocol and getting approval from The 

University of Guelph’s Research Ethics Board. I was responsible for recruiting 

participants and conducting each of the study visits. I also analyzed and interpreted the 

acquired data before writing any document associated with this work. A former 

undergraduate student, Matthias Purvis, helped with the study and was responsible for 
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recruiting and conducting study visits for 3 of the 16 participants included in this 

document. 
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The following chapter has been prepared in manuscript format. 
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3 Chapter Three: Manuscript 

3.1 Abstract 

Although participating in regular isometric handgrip (IHG) exercise is a time-efficient 

method of reducing resting blood pressure, whether a single bout of IHG exercise 

acutely reduces nighttime and ambulatory blood pressure due to post-exercise 

hypotension is unknown. We measured 24-hr ambulatory blood pressure in 16 

normotensives (11 males and 5 females, age = 23 ± 0.5 years, BMI = 26.61 ± 4.95 

kg/m2) following either control or acute IHG visits performed in a randomized crossover 

design. The participants performed four 2-minute isometric contractions at 30% of their 

maximum force with a minute of rest between each contraction before bedtime during 

their IHG visit, whereas no such exercise was performed during the control visit.  No 

significant differences were observed in the nighttime dip of systolic (SBP) (-18.5 ± 6.4 

vs. -16.6 ± 6.2 Δ mmHg, IHG vs. control, mean ± SD, p = 0.36), diastolic (DBP) (-17.2 ± 

6.1 vs. -16.2 ± 3.9 Δ mmHg, p = 0.32) or mean arterial pressure (MAP) (-17.7 ± 5.7 vs. -

16.5 ± 3.9 Δ mmHg, p = 0.28). When compared to the control visit, there were trends 

towards a lower 24-hour SBP (115.9 ± 12.5 vs. 114 ± 11.2 mmHg, p = 0.06) and post-

IHG SBP (113.3 ± 14.1 vs. 110.9 ± 12, p = 0.08) during the IHG visit, but not in the DBP 

and MAP (all p > 0.05). In conclusion, an acute bout of evening IHG exercise did not 

cause a significant reduction in the nighttime blood pressure dip, though there was 

evidence for a potential reduction in 24-hour and post-IHG ambulatory SBP. 
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3.2 Introduction 

A single bout of aerobic and dynamic resistance exercise has been shown to 

produce acute reductions in resting blood pressure of varying magnitude (~2 mmHg – 

12 mmHg) and duration (~4 hours – 16 hours), a phenomenon termed post-exercise 

hypotension (Cardoso et al., 2010; Casonatto et al., 2016; Kenney & Seals, 1993; J. R. 

MacDonald, 2002). Emerging evidence suggests that isometric exercise may represent 

a time-efficient and easy to deploy mode for reducing resting blood pressure (Millar et 

al., 2014; Smart et al., 2019). Although chronic training (3 – 12 weeks) utilizing isometric 

handgrip (IHG) or leg contraction exercises have been shown to reduce resting blood 

pressure (-6.2/-2.8 mmHg) in both normotensives and hypertensives, only a handful of 

studies have investigated the hypotensive effects of an acute bout of isometric exercise 

(Smart et al., 2019). A recent study utilizing four sets of 2-minute IHG contractions at 

30% of maximum voluntary contraction (MVC) observed a 5.4 mmHg reduction in the 7-

hours post-IHG ambulatory systolic blood pressure (SBP) in 10 pre-hypertensive and 

hypertensive males (van Assche et al., 2017). In the only study investigating the effects 

of a single bout of IHG exercise on 24-hour, daytime and nighttime blood pressure, no 

significant differences were observed in any blood pressure measures among pre-

hypertensive and hypertensive males and females (Ash et al., 2017). However, no study 

to date has investigated acute IHG exercise and its effect on ambulatory blood pressure 

in normotensives.  



 

 

40 

  

Exercise timing is an important factor that is overlooked by the majority of studies. 

In the meta-analysis by Cardoso and colleagues, the presence of a significant daytime 

blood pressure reduction concomitant with a lack of an accentuated nighttime blood 

pressure reduction could be due to the inclusion of studies that overwhelmingly 

performed exercise in the morning (Cardoso et al., 2010). An acute bout of evening 

aerobic exercise has been shown to produce a greater post-exercise hypotensive 

response when compared to a morning bout in normotensives (Jones et al., 2008). 

Similarly, an evening (18:30) aerobic bout has been shown to cause a greater reduction 

in nighttime blood pressure compared to a morning (09:00) bout in pre-hypertensives 

(de Brito et al., 2018). However, these results are not universal, and greater nighttime 

blood pressure reductions have been observed following a morning (07:00) aerobic 

exercise when compared to afternoon (13:00) or evening (19:00) exercise in pre-

hypertensives (Fairbrother et al., 2014). Moreover, no difference in any ambulatory 

blood pressure measures have been observed after morning (07:00), afternoon (13:00) 

or evening (19:00) sessions of dynamic resistance training in normotensives (Alley et 

al., 2015).  

No study to date has studied the hypotensive effects of an acute bout of IHG 

performed in the evening in normotensives. Therefore, the primary purpose of this study 

is to examine the effects of evening IHG exercise on the magnitude of nighttime blood 

pressure reduction in normotensives. We hypothesize a greater reduction in the 

magnitude of nighttime blood pressure dip after an acute bout of evening IHG in 
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normotensives. Moreover, we expect greater reductions in 24-hour and post-IHG 

ambulatory blood pressure. 

3.3 Methods 

3.3.1 Participants 

Twenty-three young healthy normotensives (BP <130/80 mmHg) males and 

females aged 18-35 years (15 males and 8 females) volunteered to partake in this 

study. Participants were screened through a general health questionnaire to exclude 

anyone with a known cardiovascular or metabolic disease, history of smoking (< 3 

months) or if they were on chronic medication (except oral contraceptives). This study 

was approved by the Research Ethics Board of the University of Guelph. All the 

participants provided written informed consent before participating in the study. 

3.3.2 Study Design and Experimental Protocol 

The study employed a randomized crossover design where each participant 

served as their own control. The participants completed the familiarization, control, and 

IHG visits which were separated by at least a week of washout period and held at 

approximately the same time in the afternoon (14:30 ± 03:00). The order of the control 

and the IHG visits were randomized. Previous research in normotensives and pre-

hypertensives has shown a 3 – 5 mmHg resting SBP reduction following an acute bout 

of IHG exercise (Millar et al., 2009; van Assche et al., 2017). Using a conservative 

approach, we expected to see a difference of 3 ± 6 mmHg in the nighttime SBP dip 
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during the IHG visit compared to the control visit. Using a power of 80% and an alpha of 

5%, we calculated an estimated sample size of 34 participants. 

The participants were required to abstain from caffeine, alcohol, drugs (except 

oral contraceptives), and vigorous exercise at least 12-hours before the visit and during 

the 24-hour ambulatory blood pressure measuring period. During the familiarization 

visit, participant’s age, sex, height (cm), and weight (kg) were recorded. During each of 

the three visits, the participants were seated in a chair for a 5-minute quiet rest with their 

feet supported on an ottoman. Following the resting period, baseline brachial blood 

pressure was measured from the left arm using an automated oscillometric blood 

pressure monitor (BpTruTM, VSM MedTech, Coquitlam, BC, Canada) and determined as 

the average of 5 consecutive readings. After this, participants were outfitted with an 

ABPM (SunTech Medical, Morrisville, NC, USA) with the cuff placed over the left 

brachial artery. The ABPM was programmed to take blood pressure readings every 30-

minutes per current recommendations (Pickering et al., 2005; Rabi et al., 2020; Unger 

et al., 2020; Williams et al., 2018). The participants were instructed not to take off the 

ABPM cuff throughout the 24-hour BP measuring period. Therefore, they were not 

allowed to take a shower or a bath. The participants reported back to the lab after 24-

hours to have the ABPM taken off for analysis.  

During the IHG visits, the participants were given a digital handgrip device (Zona 

Plus, Zona Health, Boise, ID, USA) and instructed to complete the IHG protocol at least 

an hour before going to bed with their wrist in a neutral position, neither extended nor 

flexed. The IHG protocol consisted of four 2-minute isometric contractions at 30% MVC 



 

 

43 

  

with exercising hands alternating after a minute of rest between each contraction. 

Various acute and chronic studies have employed a similar protocol to study the effects 

of IHG exercise on blood pressure (Ash et al., 2017; Baddeley-White et al., 2019; 

Badrov, Bartol, et al., 2013; Millar et al., 2009; Somani et al., 2017; van Assche et al., 

2017). The digital handgrip device measured the person’s MVC before the exercise and 

provided visual and audio feedback to help maintain 30% MVC. 

3.3.3 Data Analysis 

Following the 24-hour ABPM measurement, the data was uploaded to the 

computer and partitioned into different blood pressure periods using the AccuWin Pro 4 

software (SunTech Medical, Morrisville, NC, USA). The mean of all the blood pressure 

measurements was termed the 24-hour blood pressure. The mean of all blood pressure 

readings between 01:00 to 06:00 was taken as the nighttime blood pressure, which is in 

accordance with the literature (Fagard et al., 1997; O’Brien et al., 2013; Parati et al., 

2014; Verdecchia et al., 2008). The mean of all the blood pressure readings after the 

participant left the lab in the afternoon but before they went to sleep was called the pre-

sleep daytime blood pressure. The mean of all the blood pressure readings after the 

person woke up until the end of the ABPM measurement period was called the post-

sleep daytime period. The nighttime blood pressure was subtracted from the pre-sleep 

daytime blood pressure to calculate the change in blood pressure during sleep, called 

the nighttime blood pressure dip. To determine the post-exercise hypotension, the mean 

blood pressure of the period following the bout of IHG (maximum of 16-hours) was 

compared with the similar period of the control visit. These blood pressure periods are 
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visualized in figure 1. Any blood pressure period with valid ABPM readings <70% were 

excluded for analysis as per guidelines (O’Brien et al., 2013; Unger et al., 2020). 

The morning surge was calculated based on the pre-waking surge method used in 

numerous studies (Bilo et al., 2018; Israel et al., 2011; Kario, 2010; Kario et al., 2003; Li 

et al., 2010; Metoki et al., 2006; Pierdomenico et al., 2014; Verdecchia et al., 2012; Xie 

et al., 2015), where the average 2-hour SBP before waking up is subtracted from the 

average 2-hour SBP after waking up. The blood pressure variability was calculated by 

averaging the standard deviations of SBP during each ambulatory period (Dolan & 

O’Brien, 2010). 

3.3.4 Statistical Analysis 

Repeated measures ANOVA was performed on the baseline characteristics of 

familiarization, control and IHG visits. Paired-sample t-tests were performed to compare 

absolute nighttime blood pressure, nighttime blood pressure dip, post-sleep daytime 

blood pressure, 24-hour blood pressure, and 16-hours post-IHG ambulatory blood 

pressure between the control and IHG visit. The analyses were performed using SPSS 

Statistics for Windows, Version 26 (IBM, Armonk, NY, USA). The statistical significance 

was set at p < 0.05.  

3.4 Results 

We recruited 23 participants, but 4 dropped out due to reasons unrelated to the 

study, and 3 participants were excluded from the data analysis as they failed to maintain 
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a regular sleep schedule by staying awake during the nighttime period (01:00 – 06:00). 

Therefore, a total of 16 participants (11 males and 5 females, age = 23 ± 0.5 years, BMI 

= 26.61 ± 4.95 kg/m2) completed all three visits with 13, 13, 14, 14 and 15 participants 

meeting the ABPM validity standard of ≥70% valid readings for the pre-sleep daytime, 

24-hour, post-sleep daytime, 16-hours post-IHG, and nighttime blood pressure periods, 

respectively. A sample 24-hour ABPM tracing divided into different periods is shown in 

Figure 1. The average start times for the ABPM during the control and IHG visits were 

15:00 ± 01:28 and 15:17 ± 01:40, respectively. Participants completed the IHG exercise 

an hour before going to bed (i.e., 22:43 ± 00:48) without any complications. 

Figure 1. Sample ABPM tracing taken from a participant’s isometric handgrip (IHG) 
visit. IHG exercise was performed an hour before going to bed, i.e., 22:30 in this case. 
Blood pressure readings until a maximum of 16-hours after the IHG exercise were 
termed the 16-hours post-IHG period. The period from the first ABPM reading (14:30) till 
the participant went to bed (23:30) is the subject’s pre-sleep daytime period (red 
highlight on the left side). In contrast, the period from when the person woke up (07:00) 
to the end of the recording period (16:00) is the participant’s post-sleep daytime period 
(yellow highlight on the right side). The nighttime period was the same for every 
participant, i.e., 01:00 to 06:00 (blue highlight in the middle). Nighttime blood pressure 
dip was calculated by subtracting the mean pre-sleep daytime blood pressure and the 
mean nighttime blood pressure. 
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Baseline characteristics of the 16 participants are presented in Table 1. Baseline 

resting heart rate, SBP, and DBP were similar between the familiarization, control and 

IHG visits (all p > 0.05). 

Table 1: Baseline characteristics of 16 participants (11 males and 5 females). All data is 
represented as mean ± standard deviation. No significant difference in SBP, DBP, and 
heart rate between any of the three visits. All p-values > 0.05. mmHg, millimeters of 
mercury; bpm, beats per minute. 

Baseline 
Characteristics 

Familiarization 
Visit 

Control Visit IHG Visit 

Systolic Blood 
Pressure (mmHg) 

106 ± 11 105 ± 10 106 ±  10 

Diastolic Blood 
Pressure (mmHg) 

65 ± 6 66 ± 6 65 ± 7 

Heart Rate (bpm) 69 ± 9 67 ± 9 68 ± 9 

 

As shown in Figure 2, the nighttime SBP dip (-18.5 ± 6.4 vs. -16.6 ± 6.2 ∆ mmHg; 

t (12) = -0.96, p = 0.36), DBP dip (-17.2 ± 6.1 vs. -16.2 ± 3.9 ∆ mmHg; t (12) = -1.04, p = 

0.32), and MAP dip (-17.7 ± 5.7 vs. -16.5 ± 3.9 ∆ mmHg; t (12) = -1.13, p = 0.28) were 

similar between control and IHG visits.  
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Figure 2. Nighttime systolic blood pressure (SBP), diastolic blood pressure (DBP) and 
mean arterial pressure (MAP) dips during both the control (white fill) and IHG (black fill) 
visits in 13 participants. All p-values > 0.05. Values represented as mean ± standard 
deviation. ∆mmHg, change in millimeters of mercury. 

There was a trend toward reduced 24-hour SBP (115.9 ± 12.5 vs. 114 ± 11.2 

mmHg; t (12) = 2.13, p = 0.06) and 16-hours post-IHG SBP (113.3 ± 14.1 vs. 110.9 ± 12 

mmHg; t (13) = 1.87, p = 0.08) during the IHG visit (Figure 3). However, the absolute 

nighttime SBP (105.5 ± 12.8 vs. 105.2 ± 12 mmHg; t (14) = 0.27, p = 0.80) and post-

sleep daytime SBP (123.4 ± 12.1 vs. 120.8 ± 11.7 mmHg, t (13) = 1.62, p = 0.13) were 

similar between the control and the IHG visits (figure 3). The morning surge did not 

differ between the control and the IHG visits (12.4 ± 9 vs. 10.9 ± 7.5 mmHg; t (14) = 

0.63, p = 0.54) (Figure 4). 
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Figure 3. Systolic blood pressure (SBP) during nighttime (n = 15), post-sleep daytime (n 
= 14), 24-hour (n = 13) and 16-hour post-IHG (n = 14) between the control (white fill) 
and IHG (black fill) visits. All p-values > 0.05. Values represented as mean ± standard 
deviation. mmHg, millimeters of mercury. 
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Figure 4. Morning surge in the control (white fill) and the IHG (black fill) visits with p-
value > 0.05. Values represented as mean ± standard deviation. ∆ mmHg, change in 
millimeters of mercury. 

As visualized in Figure 5, there was no difference in the absolute nighttime (54.6 

± 6.7 vs. 55.1 ± 6.4 mmHg; t (14) = -0.52, p = 0.61), post-sleep daytime (70.8 ± 4.7 vs. 

70.1 ± 5 mmHg; t (13) = 0.66, p = 0.52), 24-hour (65.4 ± 5.1 vs. 64.9 ± 4.9 mmHg; t (12) 

= 0.81, p = 0.44) and 16-hours ambulatory DBP after the IHG bout (62.5 ± 6.4 vs. 62.1 ± 

6.4; t (13) = 0.46, p = 0.65). Similarly, no significant change in MAP (Figure 6) was 

observed when looking at absolute nighttime (71.6 ± 7.7 vs. 71.7 ± 8 mmHg; t (14) = -
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0.16, p = 0.88), post-sleep daytime (88.4 ± 6.7 vs. 87 ± 6.8 mmHg; t (13) = 1.15, p = 

0.27), 24-hour (82.1 ± 7.0 vs. 79.7 ± 7.4; t (12) = 1.65, p = 0.12) or 16-hours post-IHG 

(79.5 ± 8.7 vs. 78.4 ± 7.9; t (13) = 1.10, p = 0.29) ambulatory blood pressure periods 

when comparing the control and IHG visits. 

 

Figure 5. Diastolic blood pressure (DBP) during nighttime (n = 15), post-sleep daytime 
(n = 14), 24-hour (n = 13) and 16-hour post-IHG (n = 14) between the control (white fill) 
and IHG (black fill) visits. All p-values > 0.05. Values represented as mean ± standard 
deviation. mmHg, millimeters of mercury. 
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Figure 6. Mean arterial pressure (MAP) during nighttime (n = 15), post-sleep daytime (n 
= 14), 24-hour (n = 13) and 16-hour post-IHG (n = 14) between the control (white fill) 
and IHG (black fill) visits. All p-values > 0.05. Values represented as mean ± standard 
deviation. mmHg, millimeters of mercury. 
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As shown in Figure 7, SBP variability did not differ between the control and IHG 

visits during the nighttime (7.5 ± 2.2 vs. 8.1 ± 2; t (14) = -0.75, p = 0.47), post-sleep 

daytime (11.1 ± 4.5 vs. 10.1 ± 3.3; t (13) = 0.78, p = 0.45), 24-hour (13.2 ± 3.2 vs. 12.1 ± 

2; t (12) = 1.5, p = 0.16), or 16-hours post-IHG (12.4 ± 3.6 vs. 10.9 ± 1.8; t (13) = 1.32, p 

= 0.21) ambulatory periods. 

Figure 7. Blood pressure variability during nighttime (n = 15), post-sleep daytime (n = 
14), 24-hour (n = 13) and 16-hour post-IHG (n = 14) between the control (white fill) and 
IHG (black fill) visits. All p-values > 0.05. Values represented as mean ± standard 
deviation. mmHg, millimeters of mercury. 

Finally, the heart rate between the control and IHG visits was similar for nighttime 

(58.4 ± 6.9 vs. 59.4 ± 7 bpm; t (14) = -0.6, p = 0.55), post-sleep daytime (73.9 ± 9.7 vs. 

73.6 ± 11 bpm; t(13) = 0.16, p = 0.88), 24-hour (67 ± 6.5 vs. 69.2 ± 8.6 bpm; t(12) = -

0.16, p = 0.13), or 16-hours post IHG (64.4 ± 5.6 vs. 65.5 ± 8.6 bpm; t(13) = -0.62, p = 

0.55) ambulatory periods. 

Preliminary sex-based analysis: When analyzing only males , there was a 

significant reduction in the 24-hour SBP (121.9 ± 8.4 vs. 119.1 ± 7 mmHg; t (8) = 2.71, p 

= 0.03), post-sleep daytime SBP (129.2 ± 8.4 vs. 124.9 ± 9.7 mmHg; t (9) = 2.71, p = 

0.02), and 16-hour SBP (120 ± 9.1 vs. 116 ± 7.8 mmHg; t (9) = 2.66, p = 0.03) but not in 
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the absolute nighttime SBP (110.9 ± 8.9 vs. 110.4 ± 8.3 mmHg; t (10) = 0.42, p = 0.69) 

(figure 8). While post-sleep daytime MAP approached statistical significance (91.5 ± 5 

vs. 89 ± 5.6 mmHg; t (9) = 2.16, p = 0.06) the MAP of other ambulatory blood pressure 

periods remain unchanged (p > 0.13). No changes in the DBP (p > 0.16), HR (p > 0.12) 

and blood pressure variability (p > 0.18) were observed in any of the ambulatory periods 

in male participants. Similarly, the morning surge remained unchanged between the two 

visits (p > 0.53) 
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Figure 8. Systolic blood pressure (SBP) of male participants during nighttime (n = 11), 
post-sleep daytime (n = 10), 24-hour (n = 9) and 16-hour post-IHG (n = 10) between the 
control (white fill) and IHG (black fill) visits. Values represented as mean ± standard 
deviation. mmHg, millimeters of mercury. 

No significant changes between the control and IHG visits were observed 

between the control and IHG visits when looking at the magnitude of nighttime dip in 

SBP (-17 ± 6.1 vs. -16.1 ± 7.2 ∆ mmHg; t (8) = -0.39, p = 0.71), DBP (-16.3 ± 7 vs. -15.2 

± 4.1 ∆ mmHg; t (8) = -0.81, p = 0.44) and MAP (-16.8 ± 6.2 vs. -15.7 ± 4.1 ∆ mmHg; t 

(8) = -0.76, p = 0.47) in male participants (figure 9).  



 

 

52 

  

S ys to lic  P r e s s u r e D ia s to lic  P r e s s u r e M e a n  Ar te r ia l P r e s s u r e
-3 5

-3 0

-2 5

-2 0

-1 5

-1 0

-5

0

∆
 B

lo
o

d
 P

re
s

s
u

re
 (
∆

 m
m

H
g

)

C o n tro l V is it

IH G  V is it

p  =  0 .7 1 p  =  0 .4 7p  =  0 .4 4

Figure 9. Nighttime systolic blood pressure (SBP), diastolic blood pressure (DBP) and 
mean arterial pressure (MAP) dips during both the control (white fill) and IHG (black fill) 
visits in 9 male participants. All p-values > 0.05. Values represented as mean ± 
standard deviation. ∆mmHg, change in millimeters of mercury. 

 

3.5 Discussion 

The present randomized crossover study was designed to investigate the effects 

of a single bout of evening IHG exercise on the magnitude of nighttime blood pressure 

dip in young normotensive males and females. Contrary to our primary hypothesis, no 

significant differences in the magnitude of nighttime SBP, DBP or MAP dip were found 

when comparing the IHG visit with the control visit. Therefore, a single IHG session 

consisting of four 2-minutes contractions at 30% MVC performed in the evening is 

insufficient to accentuate the dip in nighttime blood pressure in this population. In 

contrast, statistical trends were observed for lower mean 24-hour (-1.9 mmHg) and 16-

hour SBP (-2.4 mmHg) during the IHG visit. In our preliminary sex-based analyses, 

statistically significant reductions in 24-hour (-2.8 mmHg, p = 0.03), post-sleep systolic (-

4.3 mmHg, p = 0.02) and 16-hours post-IHG (-4 mmHg, p = 0.03) were observed in 
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males. Therefore, our preliminary results suggest that an evening bout of IHG exercise 

can result in accentuated reductions of ambulatory SBP in normotensive males. 

However, our small sample size prevents us from making any conclusive statements 

regarding females. This is the first study to directly investigate the effects of a single 

bout of evening IHG exercise on ambulatory blood pressure in normotensives. 

While exaggerated morning surge has been independently linked to adverse 

cardiovascular events and mortality, the IHG exercise in our protocol did not seem to 

cause any significant changes in its magnitude when comparing the two visits (Amici et 

al., 2009; Amodeo et al., 2014; Kario et al., 2003; Metoki et al., 2006; Pierdomenico et 

al., 2014). Similarly, the IHG exercise did not change SBP variability between the visits, 

which has been shown to predict adverse cardiovascular events and mortality in 

hypertensives (Hansen et al., 2010; Rothwell et al., 2010). This is the first study to 

report the effects of a single session of IHG exercise on morning surge and blood 

pressure variability. 

Previous research investigating acute IHG exercise and ambulatory blood 

pressure has only been conducted in pre-hypertensives and hypertensives (Ash et al., 

2017; van Assche et al., 2017). Van Assche and colleagues studied 15 pre-

hypertensive and hypertensive males who participated in a morning IHG exercise using 

a similar protocol as the current study. In 10 participants with sufficient ambulatory 

recordings for analysis, a significant reduction of 5.4 mmHg in ambulatory SBP was 

observed during the waking period (7-hours) after a single bout of IHG exercise 

performed in the morning (van Assche et al., 2017). Given the short duration of this 
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hypotensive response, we hypothesized that performing IHG exercise in the evening 

would result in a greater nighttime blood pressure dip. However, the nighttime blood 

pressure dip did not significantly differ between the control and IHG visits in our study. 

The difference in our participant’s characteristics could explain the conflicting results. 

We recruited young (18-35 years old) normotensive (<130/80 mmHg) males and 

females, while van Assche’s group recruited older (30-65 years old) pre-hypertensive 

and hypertensive males (≥130/85 mmHg). Although the relationship between the 

magnitude of post-IHG exercise hypotension and baseline blood pressure is unclear 

due to a paucity of studies, larger post-exercise hypotensive responses are consistently 

observed in individuals with higher resting blood pressure following acute aerobic or 

dynamic resistance exercise (Cardoso et al., 2010; Carpio-Rivera et al., 2016; 

Casonatto et al., 2016; Pescatello et al., 2015; Pescatello & Kulikowich, 2001; P. K. 

Whelton et al., 2018). On the other hand, our results agree with those of Ash and 

colleagues as they also did not find an accentuated reduction in nighttime blood 

pressure using the same handgrip device with a similar IHG protocol in 27 pre-

hypertensive males and females (Ash et al., 2017).  

It is crucial to conduct studies on normotensives as the lifetime risk of developing 

hypertension (≥ 130/80 mmHg), from ages 25 to 80 years, is relatively high (> 69%) for 

both males and females (Chen et al., 2019). Pharmacological interventions can mitigate 

the risk of cardiovascular complications in hypertensives. However, the level of risk 

reduction after the medications is still higher than if they never developed hypertension 

(K. Liu et al., 2015). Therefore, optimal resting blood pressure lowering strategies 
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should be identified and applied to young normotensives to reduce their risk of 

developing hypertension in the future. 

While this is the first study investigating the acute IHG effects on ambulatory 

blood pressure in normotensives, a recent study by Somani and colleagues examined 

the effects of a chronic IHG training program that utilized the same protocol as our study 

in 24 normotensive males and females. After performing IHG exercise 3 times a week 

for 10-weeks, significant reductions of 3 – 5 mmHg were observed in 24-hour, daytime, 

and nighttime SBP in both males and females (Somani et al., 2017). It is possible that 

long-term training with IHG exercise is required before witnessing accentuated 

reductions in the measures of ambulatory blood pressure in normotensives as one 

hypothesis for the reduction of blood pressure following regular training is the 

accumulation of post-exercise hypotension due to repeated acute exercise bouts 

(Halliwill et al., 2013; Thompson et al., 2001). 

There are several limitations to our study. In the literature, daytime blood 

pressure values generally include ~20 readings, including the morning period (O’Brien 

et al., 2013; Unger et al., 2020). However, the afternoon ambulatory readings served as 

pre-sleep daytime blood pressure since the visits were conducted in the afternoon, 

sometime around 14:30. Therefore, we missed the morning ambulatory blood pressure 

window. We also used a fixed time interval (01:00 – 06:00) to serve as our nighttime 

period as this method removes the behavioral variations (e.g., time spent in bed) 

between the transitional period of going to sleep and waking up (O’Brien et al., 2013). 

Actigraphy could have been used to define the periods of awake and asleep states 
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more accurately. Nonetheless, the difference between using actigraphy, sleep diary or 

fixed time intervals to define different ambulatory blood pressure periods are small 

(Booth et al., 2016).  

Unfortunately, due to the COVID-19 pandemic, our statistical power was low due 

to the limited sample size. According to post-hoc sample size calculation, to see a 

statistically significant difference (p < 0.05) of the observed 1.9 ± 3.1 mmHg decrease in 

24-hour SBP, we would need to recruit a total of 24 participants. As a result, there is a 

possibility of a type II error and an inability to examine sex differences in our study. 

Although meta-analyses have shown support for no sex differences following chronic 

IHG training, only a few studies have examined acute IHG exercises (Inder et al., 2016; 

Smart et al., 2019). Finally, the present study was not designed to elucidate the 

mechanisms responsible for any changes in blood pressure following a single bout of 

IHG exercise. However, trends toward a lower 24-hour and 16-hour post-IHG SBP but 

not toward nighttime blood pressure might suggest that IHG exercise-induced 

reductions in blood pressure are mediated through the SNS since SNS activity is 

minimal at night but heightened during the awake period (Smolensky et al., 2017). 

In conclusion, a single evening IHG exercise consisting of alternating four 2-

minutes contractions at 30% MVC is not a sufficient stimulus to result in a greater dip in 

nighttime blood pressure. Still, it may be sufficient to reduce 24-hour and 16-hour post-

IHG SBP in young normotensive males and females. Future studies should explore the 

effects of an evening IHG session in pre-hypertensives and hypertensives. 
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4 Chapter Four: Extended Discussion 

4.1 Summary of Findings 

This study is the first to investigate the effects of a single bout of evening IHG 

exercise on ambulatory blood pressure measures in young healthy normotensive males 

and females. Previous evidence in pre-hypertensives and hypertensives has shown the 

presence of a post-exercise hypotensive response that persisted 7-hour after a single 

bout of IHG exercise consisting of four 2-minute contractions at 30% MVC separated by 

a minute of rest between the sets (van Assche et al., 2017). However, the IHG exercise 

was performed in the morning, and nighttime blood pressure was not recorded. 

Therefore, we hypothesized that performing a similar IHG exercise in the evening would 

promote a greater dip in nighttime blood pressure in young healthy normotensive males 

and females due to the limited duration of post-exercise hypotension. In contrast to our 

hypothesis, an acute bout of evening IHG did not result in an accentuated dip in 

nighttime blood pressure. The morning surge and SBP variability did not differ between 

the control and IHG visits. Nonetheless, trends toward a lower 24-hour and 16-hours 

post-IHG SBP were observed.  

Our study on normotensives seems to agree with some of the previous work done 

on pre-hypertensives and hypertensives, which failed to observe any reductions in the 

nighttime blood pressure following a single IHG exercise (Ash et al., 2017). On the other 

hand, a 5.4 mmHg reduction in 7-hour post-IHG ambulatory blood pressure has been 

observed by another study (van Assche et al., 2017). Both these studies utilized the 
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same IHG protocol as our study but performed exercises in the morning rather than in 

the evening (Ash et al., 2017; van Assche et al., 2017).  

4.2 Baseline Blood Pressure 

One of the most important lifestyle changes that one can use to lower their resting 

blood pressure is increased physical activity through a structured exercise regimen (P. 

K. Whelton et al., 2018). Although the data on acute IHG is scarce, a recent meta-

analysis has shown chronic isometric training to lower resting blood pressure (-6.2/-2.8 

mmHg) similarly in hypertensives and normotensives (Smart et al., 2019). On the other 

hand, numerous meta-analyses have observed accentuated reductions in hypertensives 

when compared to normotensives, following either an acute bout or chronic training, 

utilizing aerobic or dynamic resistance exercises (Cardoso et al., 2010; Casonatto et al., 

2016; Cornelissen & Smart, 2013; H. V. MacDonald et al., 2016; Pescatello et al., 

2015). Hypertensives with higher baseline blood pressure also demonstrate a greater 

reduction in resting blood pressure following aerobic or dynamic resistance exercise 

when compared to hypertensives with lower baseline blood pressure (H. V. MacDonald 

et al., 2016; Sardeli et al., 2020). In fact, baseline SBP and DBP alone have been 

shown to predict about 74% and 53% of resting SBP and DBP reduction following 

aerobic or dynamic resistance exercise (Sardeli et al., 2020). Therefore, even if the 

evening IHG exercise in our study did not impact the nighttime blood pressure dip in 

normotensives, it is plausible that accentuated nighttime dip could be observed in pre-

hypertensives and hypertensives since they have higher baseline blood pressure. 
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4.3 Clinical Significance 

In our sample of young normotensive males and females, we observed a 

decrease of ~2 mmHg in both 24-hour SBP and post-IHG SBP, which failed to reach 

statistical significance. However, when analyzing males alone, we observed ~ 3 – 4 

mmHg reductions in 24-hour SBP, post-sleep daytime SBP and post-IHG SBP. The 

clinical significance of these results may be apparent as a 2 – 5  mmHg reduction in 

resting SBP has been shown to reduce stroke mortality, coronary heart disease 

mortality and all-cause mortality by 6 – 14%, 4 – 9% and 3 – 7%, respectively 

(Chobanian et al., 2003). Increasing our sample size will allow us to further explore 

potential sex differences in blood pressure and comment on the efficacy of an acute 

evening IHG bout in reducing ambulatory blood pressure in this population. If detected, 

this may provide further support for using IHG as a primary prevention measure to 

reduce the risk of future hypertension. 

Although chronic isometric training has been shown to reduce resting blood 

pressure (-6.2/-2.8 mmHg) in both normotensives and hypertensives, there seems to be 

little to no beneficial effects of IHG exercise on other cardiovascular risk factors such as 

insulin sensitivity, cholesterol, and inflammation (Millar et al., 2014; Smart et al., 2019). 

An 8-week chronic IHG training program in medicated hypertensives successfully 

lowered resting SBP but failed to produce any changes in total, high-density lipoprotein 

(HDL) or low-density lipoprotein (LDL) cholesterol (McGowan et al., 2006). A recent 

study in hypertensives found reduced levels of oxidized HDL, a marker of improved 
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HDL antioxidant function, following 12-weeks of aerobic training but not IHG training 

(Pagonas et al., 2019). Moreover, this improved antioxidant function of HDL after 

aerobic training correlated positively with reductions in daytime blood pressure 

(Pagonas et al., 2019). Therefore, the cardioprotective effects of IHG exercises might 

only be limited to reductions in resting blood pressure. The end result is that IHG may 

only serve as a recommended adjunct lifestyle intervention. 

IHG training has the potential to tackle some of the most common barriers to 

increased physical activity, e.g., lack of time, personal motivation, and access to 

exercise facilities (Chinn et al., 1999; Millar et al., 2014; Smart et al., 2019). When 

compared to aerobic training, IHG training produces comparable reductions in resting 

blood pressure but requires less time commitment (40 min/week Vs. 150 min/week) and 

can be performed at home using inexpensive equipment like a spring handgrip 

dynamometer (Millar et al., 2008; Smart et al., 2019; P. K. Whelton et al., 2018). IHG 

exercises can also be easily prescribed as an adjunct therapy to people already 

participating in aerobic or dynamic resistance exercises.  

4.4 Limitations 

4.4.1 Low Sample Size 

Previous research in normotensives and pre-hypertensives has shown a 3 – 5 

mmHg resting SBP reduction following an acute bout of IHG exercise (Millar et al., 

2009; van Assche et al., 2017). To see a statistically significant decrease of 3 mmHg in 
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our randomized cross-over study, we calculated the need to recruit at least 34 

participants. However, we were only able to recruit 23 participants due to issues relating 

to the COVID-19 pandemic, out of which 4 dropped out due to reasons unrelated to the 

study, and an additional 3 participants were excluded due to their inability to sleep 

during the nighttime period (1 – 6 am). Therefore, out of the targeted 34 participants, we 

could only analyze data from 16 people (11 males and 5 females). The sample size 

dropped even further after applying the ABPM validity standard of ≥ 70% valid readings 

for each ambulatory blood pressure period. Therefore, not only is there a strong 

probability of a type II error, but our small sample size also prevented us from 

examining sex differences in ambulatory blood pressure after an acute evening IHG 

bout.  

4.4.2 Missing Pre-Sleep Morning Daytime Period 

In the literature, daytime blood pressure values generally include at least 20 

readings, including the morning and afternoon daytime periods (O’Brien et al., 2013; 

Unger et al., 2020). Since the average time of the first ABPM reading during our control 

and intervention visits was around 15:00, we could not collect the morning blood 

pressure values of the pre-sleep daytime period. Hence, our nighttime blood pressure 

dip was calculated by subtracting the mean nighttime blood pressure with the mean 

afternoon blood pressure. 



 

 

62 

  

4.4.3 Potential Mechanism 

Another limitation of our study is that it was not designed to elucidate the specific 

mechanisms behind the potential blood pressure reductions. Still, we can offer some 

insight based on the observed trends. One mechanism through which exercise reduces 

blood pressure is via decreased sympathetic activity (Fagard & Cornelissen, 2007; A. C. 

Taylor et al., 2003). Since sympathetic activity is reduced during sleep, it is plausible 

that reduction in ambulatory blood pressure following exercise can only be witnessed 

during periods of heightened sympathetic activity, i.e., the awake period (Cornelissen & 

Fagard, 2005b). The trends towards a ~2 mmHg decrease in the 24-hour and post-IHG 

ambulatory period observed in this study support this hypothesis.  

4.5 Conclusion 

In conclusion, a single bout of IHG exercise (four 2-minutes contractions at 30% 

MVC) performed in the evening did not result in an accentuated reduction in nighttime 

blood pressure but may result in small but clinically meaningful reductions in 24-hour 

and post-IHG ambulatory blood pressure. However, the results of this study should be 

taken cautiously due to its small sample size. Future studies should focus on pre-

hypertensives and hypertensives since the magnitude of post-exercise hypotension is 

generally more prominent in individuals with higher baseline blood pressure. 
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APPENDIX I. CONSENT FORM 

 

 

INFORMATION and CONSENT to PARTICIPATE in RESEARCH 

 

Effects of Isometric Handgrip Exercise on Night-Time Blood 
Pressure in Young Healthy Men and Women  

 

 

Investigators 

Muhammad Kathia, Graduate Student, Department of Human Health and Nutritional Sciences, 
University of Guelph. Contact: mkathi01@uoguelph.ca; 226-600-7447. 

Jordan Lee, PhD Student, Department of Human Health and Nutritional Sciences, University of 
Guelph. 

Dr. Philip Millar, Assistant Professor, Department of Human Health and Nutritional Sciences, 
University of Guelph. Contact: pmillar@uoguelph.ca; 519-824-4120 ext. 54818 

Introduction 

High blood pressure is considered a major risk factor for cardiovascular disease. An individual’s 
blood pressure varies considerably throughout the day and is typically lowest during the night. 
Ambulatory blood pressure monitors measure your blood pressure throughout the day at specific 
intervals (e.g. every 20-30 minutes). It has been shown that 24-hour and night-time blood 
pressure are better predictors of cardiovascular risk than blood pressure measured during the day.  

Physical activity is a cost-effective way of reducing high blood pressure and can help an 
individual stay healthy. However, few studies have been tested to specifically reduce nighttime 

mailto:mkathi01@guelphhumber.ca
mailto:pmillar@uoguelph.ca
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blood pressure. A novel exercise to lower blood pressure is isometric handgrip exercise. This has 
been shown to decrease resting blood pressure in people with normal blood pressure also. 
Isometric handgrip exercise is very time efficient and only takes ~11 minutes to complete 
making it appealing for people with busy schedules. We now want to study the effects of 
performing a bout of isometric handgrip exercise in the evening on nighttime and 24 hour 
ambulatory blood pressure. 

Restrictions: 

• Stop taking caffeine, alcohol and drugs (except for oral contraceptives) at least 12 hours 
before the first visit and while wearing the ambulatory blood pressure monitors. 

• Subject is to avoid strenuous physical activity at least 12 hours before the first visit and 
while wearing the ambulatory blood pressure monitors. 

• The subject cannot shower or take a bath after being outfitted with the ambulatory blood 
pressure monitor. Therefore, the subject is advised to take a shower before coming for 
their visits 

Procedure 

This study will be performed at the University of Guelph in the Animal Science and Nutrition 
building in room 313 (ANNU 313).  

Introductory visit: Before beginning the study, you will be asked to thoroughly read and sign 
this consent form. You will also be asked to fill out a general health questionnaire. Once all the 
documents have been signed, we will measure your height and weight. You will also be asked to 
rest for five minutes in a comfortable chair. After this, we will measure you blood pressure and 
familiar you with the handgrip device. At the end of the visit you will be hooked up to the 
ambulatory blood pressure monitor and asked to wear it for 24 hours so that you get used to the 
sensations. You are free to ask questions at any time.  

Testing Visits: There will be two testing visits. The order of these visits will be randomized. 
These visits will take place a week from each other and will be scheduled around the same time 
slot (+/- 2 hours).  

Control Visit: You will be seated in a chair for five 
minutes. After five minutes, your blood pressure will be 
measured five times. You will be outfitted with the 
ambulatory blood pressure monitor. You should not 
take this device off at any time during your day. You 
should not partake in any strenuous physical activity 
while wearing the device. You will be asked to come 
back to the lab within 24-36 hours (depending on your 
visit time) to remove the monitor. 

Intervention Visit:  You will be seated in a chair for five minutes. After five minutes, your 
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blood pressure will be measured five times. You will be outfitted with the ambulatory blood 
pressure monitor. You should not take this device off at any time during your day. You should 
not partake in any strenuous physical activity while wearing the device. You will be asked to 
complete the isometric handgrip exercise between 8-11pm (i.e. before you go to sleep). You will 
be asked to come back to the lab within 24-36 hours (depending on your visit time) to remove 
the monitor. 

Isometric Handgrip Exercise: You will complete 4 two-minute 
contractions, each at 30% of your maximum handgrip strength and 
separated by 1 minute of rest. Each contraction will be performed 
in each arm twice. The first contraction will be performed on the 
right hand followed by a one-minute rest. The second contraction 
will be performed on the left hand followed by a one-minute rest. 
The third contraction will be performed on the right hand. After 
another minute rest, the fourth and final contraction will be 
performed on the left hand. This protocol will be administered by a 
commercial handgrip device (ZonaHealth Inc) programmed to walk 
participants through the steps. You will receive visual and audible 
feedback to ensure you are maintaining the 30% contraction intensity.  

 

Potential Risks and Discomforts 

As all health procedures carry some risk, it is important to disclose these prior to your 
involvement. There are two procedures that may cause you pain or discomfort: 

Upper arm cuff inflation: Your upper arm will experience cuff inflations from the ambulatory 
blood pressure monitor. These inflations are at levels commonly used in doctor’s offices and are 
not at any risk. In some people, cuff inflations can be painful. If you experience any pain from 
the inflation cuffs, inform the researchers and the cuff will be deflated and removed. If you are 
wearing the ambulatory blood pressure monitor and have these sensations you will be instructed 
to turn the monitor off. Commonly, there are feelings of numbness, and tingling sensations 
which are completely normal and will not cause any harm.  

Isometric Handgrip Exercise: The exercise may cause a burning sensation due to muscle 
fatigue. This also may result in forearm muscle soreness and/or soreness in the hand for one to 
two days after. These feelings are completely normal and should not be harmful. However, if you 
do experience extreme discomfort or if the discomfort does not go away, you should contact the 
researchers immediately and stop doing the exercise. 

Payment for Participation 

Payment will be prorated throughout the study. You will receive $5 for each of the three study 
visits (introductory, control, intervention). Total payment for participation is $15 CAD. We will 
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keep a log of dispersal of funds for audit purposes. You will be required to initial this document 
stating that you have received your reimbursement. 

COVID-19 precautions 

You will be required to complete the University of Guelph screening process 24 hours prior to 
scheduled study visit and again the day of your appointment (prior to the study visit). During the 
entire study, you and the investigators will be required to wear masks, face shields, and gloves. 
Handwashing and sanitizing, hygiene and disinfection protocols and materials will also be in 
place to help reduce the risk of spreading or contracting COVID-19.  In addition to appropriate 
health and safety plans regarding PPE, you will be asked to breathe with their face turned to one 
side and the researcher to the other side to help reduce the risk of spreading or contracting 
COVID-19. As our lab involves human participants, we will have a digital thermometer for 
recording your temperature during each testing visit. 

Confidentiality 

Every effort will be made to ensure confidentiality of personal information that is obtained in 
connection with this study. Confidentiality will be secured by the use of participant ID Codes on 
all correspondence. Data will be kept on a password-protected computer and all written material 
secured indefinitely in a locked cabinet on site. 

Data 

Data will be retained for possible use for future analysis. All data will be stored electronically in 
databases with access only granted to investigators involved in the use of the data. All personal 
identifiers will be destroyed following the participants study completion. Dr. Philip Millar will 
be in charge of data stewardship. 

Participation and Withdrawal 

You may choose whether to be involved with this study or not. If you volunteer, you may 
withdraw at any time without consequence. You may exercise the option of removing your data 
from the study. You may also refuse to answer any questions you don’t want to answer and still 
remain in the study. The investigator may withdraw you from this research if circumstances arise 
that warrant doing so. 

Rights of Research Participants 

You may withdraw your consent at any time and discontinue participation without penalty. You 
are not waiving any legal claims, rights or remedies because of your participation in this research 
study. This study has been reviewed and received ethics clearance through the University of 
Guelph Research Ethics Board. If you have questions regarding your rights as a research 
participant, contact: Director, Research Ethics; (519) 824-4120, x56606; sauld@uoguelph.ca.  

If you have any further questions about this study, do not hesitate to contact the researchers: 
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Muhammad Kathia (mkathi01@uoguelph.ca; 226-600-7447), Matthias Purvis 
(mpurvi01@uoguelph.ca; 519-831-4035), Dr. Philip Millar (pmillar@uoguelph.ca; 519-824- 
4120 ext. 54818). 

 

 

 

 

 

SIGNATURE of RESEARCH PARTICIPANT/LEGAL REPRESENTATIVE 

I have read the information provided for the study “Effects of Evening Isometric Handgrip 
Exercise on 24-Hour Blood Pressure Measurements in Young Healthy Men and Women (18-35 
Years Old)”, as described herein. My questions have been answered to my satisfaction, and I 
agree to participate in this study. I have been given a copy of this form. 

 

__________________________________________  
Name of Participant (please print) 

____________________________ ________________________ 

Signature of Participant    Date 

 

 

 

 

mailto:mkathi01@uoguelph.ca
mailto:mpurvi01@uoguelph.ca
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