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Abstract  

 Advancements in medicine and post-injury care has allowed for the extended life 

expectancy following spinal cord injuries (SCI). However, such advancements have led to a 

paradigm shift in the prevalence of secondary health complications from renal and pulmonary to 

cardiovascular and metabolic. In the able-bodied literature, accumulating evidence for high 

intensity interval training (HIIT) has shown that this time efficient, heart safe style of exercise 

may have advantages over moderate intensity continuous training (MICT) as a means to reduce 

cardiometabolic risk. The effectiveness of HIIT in an SCI population has yet to be explored. The 

current study examined the effectiveness of the “5 by 1” HIIT protocol over a 6-week timeframe, 

consisting of three supervised sessions per week in an SCI population. Outcome measures 

included VO2peak, cholesterol, triglycerides, waist circumference, blood pressure, pro an anti-

inflammatory cytokine, and adipokines leptin and adiponectin. Results of the current study 

suggest that this protocol is an effective means to significantly improve aerobic fitness, however 

the intervention did induce significant metabolic change. Limitations such as small sample size 

(N=7) and the relatively short intervention duration may have limited these results. Further 

research focused on the effectiveness of HIIT in an SCI population is warranted to explore 

whether the metabolic benefit from HIIT may be dependent on a minimum baseline fitness level 

or power output that some individuals may not possess. In conclusion, the “5 by 1” HIIT 

protocol proved to be an effective means of improving aerobic capacity and therefore represents 

an alternative to the currently suggested MICT.   
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Chapter 1. Literature Review 

1.1 Background 

A spinal cord injury (SCI) can be caused by either external or internal factors that leave 

an individual with varying degrees of impaired sensory, motor, and autonomic function below 

the level of the injury. According to a 2012 article by Noonan et al., information regarding 

incidence rates and epidemiology of SCI in Canada is relatively difficult to determine, although 

the authors were able to make educated estimates based on current literature which may help 

with the planning and treatment processes for this population. As of 2010, it was estimated that 

the incidence of traumatic SCI (TSCI) was 53 per million with a discharge rate of 41 per million 

while non-traumatic SCI (NTSCI) had a discharge rate of 68 per million. A recent systematic 

review provided an updated incidence of 10.5 cases per 100,000 resulting in an estimated 

768,473 new cases of TSCI annually worldwide (Kumar et al., 2018). TSCI are explained as 

injuries that are due to some sort of external blow or force such as a car accident while NTSCI 

may be caused by spondylosis or infection. The prevalence is estimated to be 85,556 persons in 

Canada with about a 50/50 split between TSCI and NTSCI. More recently, the average age of 

individuals with SCI has experienced a considerable rise as TSCI have become much more 

prevalent in those in the 65+ demographic due to falls. The average age of an individual living 

with a SCI was 42 between 1986 and 2006 with males at a 3:1 ratio when compared to females.   

1.2 Etiology  

In Canada, motor vehicle accidents (MVA) are the leading cause of SCI (Kumar et al., 

2018), however falls in the 65+ age demographic have significantly contributed to the overall 

incidence rate (Picket et al., 2003).  Pickett et al. (2003) suggest the risk of falls is equivalent to 
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that of MVA, as the two causes combined to account for 86% of all traumatic SCI cases. The 

remainder of causes such as violence, sports or work-related accidents account for a total of only 

22% (Farry et al., 2010).  

1.3 Level and Severity of SCI  

The resulting deficits experienced post-injury are dependent on two main factors; the 

level of the injury and whether or not the injury is complete. Approximately 55% of acute SCI 

occur in the cervical (neck) region with approximately 15% occurring in every other region. 

Luckily, improvements in initial care, air bags, and the awareness of the importance of 

immobilization post-injury has led to a significant decline of complete injuries when compared 

to incomplete (Sekhon et al., 2001). The anatomical differences in the cervical section of the 

vertebral column such as the size and mobility of the vertebral bodies leave this section much 

more prone to injury. As explained by Roberts et al. (2016), the American Spinal Injury 

Association (ASIA) Impairment Scale, or AIS, is a standardized examination consisting of three 

main components; a myotomal-based motor examination to examine motor function, dermatomal 

based sensory examination to test sensation, and an anorectal examination to determine 

completeness of the injury or presence of spinal shock. Based on the findings of these 

examinations, an injury severity or grade and level are assigned.  The AIS also includes the 

neurological level in its classification. This is defined as the most caudal segment where sensory 

and motor function are both normal on both sides of the body. Motor function is graded on a 5-

point scale in which 0 is defined as no visible or palpable muscle activation and 5 is described as 

normal, active movement, with full range of motion (ROM) against gravity and full resistance. 

As for the assigned impairment, the AIS ranges from A-E. AIS A is defined as a complete injury 

in which no motor or sensory function is preserved in the sacral segments S4-S5. AIS B, C, and 
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D are collectively referred to as incomplete SCI with increasing preservation of both sensation 

and motor control respectively. AIS B is defined by preserved sensory function but not motor 

function below the neurological level including at S4-S5. AIS C is characterized by sensory and 

motor preservation with more than half the key muscles below the neurologic level scoring less 

than 3. AIS D describes an individual with preserved sensory and motor function below the 

neurological level with at least half the key muscles below scoring 3 or higher. Finally, AIS E 

defines normal motor and sensory function.  

1.4 Secondary Health Complications  

As people continue to live longer post-injury, secondary complications have experienced 

a paradigm shift where cardiovascular disease (CVD) and metabolic syndrome (MetS) have 

replaced renal and pulmonary dysfunction as the most common causes of morbidity and 

mortality among the SCI-population (Myers et al., 2007; Phillips et al., 2015). Autonomic 

dysfunction due to SCI impedes hemodynamic regulation and paralysis increases the risk of 

inactivity, and together these factors cause metabolic disease to present more often and earlier in 

life as compared to able-bodied (AB) populations (Nightingale et al., 2017). The specific factors 

at hand include hypertension, elevated blood sugar levels, excessive body fat accumulation 

around the waist, dyslipidemia, abnormal triglyceride levels (Saunders, 2015). The presence of 

three of more of these metabolic factors has been termed metabolic syndrome (MetS). In 

addition, it is well documented that SCI is characterized by elevated levels of circulating 

inflammatory cytokines which also comes with an imbalance in specific adipokines. This 

population is therefore characterized by a pro-inflammatory state (Wang et al., 2007) dominated 

by cytokines such as tumor necrosis factor alpha (TNF-α), c-reactive protein (CRP) and leptin. 

Given the commonly found cytokinetic imbalances following an injury, as well as the increased 
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incidence of metabolic syndrome (MetS), research has been conducted to explore possible links 

and causalities that may exist between the two. Mechanisms by which inflammation has been 

shown to increase risk for MetS include its ability to alter lipid metabolism via the promotion of 

endothelial fatty acid secretion (Farkas et al., 2017 & Libby, 2006) as well as the disruption in 

GLUT transporter efficiency ultimately hindering blood lipid and glucose clearance. With 

accumulating research supporting this idea (Olefsky et al., 2010 & Paoletti et al., 2006), it has 

been suggested that chronic, low level inflammation be one of the factors that is considered when 

assessing an individual's risk of MetS. As for the adipokines, leptin and adiponectin have been 

well documented in obesity-related illness research and have proven to play key roles in the 

pathophysiology of diabetes and cardiovascular complications. Individuals with SCI typically 

experience profound changes in these adipokines when compared to able bodied controls that 

can ultimately lead to the diagnosis of MetS or diabetes.   

1.5 Metabolic syndrome (MetS) 

As per Grundy et al. (2005), MetS is defined as a group of metabolic and body 

composition abnormalities. The areas of interest for MetS, as mentioned earlier, include blood 

pressure, blood sugar, waist circumference, triglycerides, cholesterol, and more recently, 

inflammation. Results from the 2012 to 2013 Canadian Health Measures Survey (CHMS) 

indicate that approximately 21% of adults aged 18-79 have MetS. The prevalence of MetS did 

not differ significantly by sex but increased significantly with age. Less than 13% of adults aged 

18-39 had MetS compared to 25% of adults aged 40 to 59 and 39% of adults aged 60 to 79. As 

defined by the National Cholesterol Education Programs report (Grundy et al., 2005), the 

benchmarks for the diagnosis of MetS is as follows; waist circumference of 102 cm (40 in) or 

greater in men and 88 cm (35 in) or greater in women; triglyceride levels of at least 150 mg per 
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dL (1.70 mmol per L); high-density lipoprotein cholesterol levels of less than 40 mg per dL (1.04 

mmol per L) in men and less than 50 mg per dL (1.30 mmol per L) in women; blood pressure of 

at least 130/85 mmHg; and fasting glucose levels of at least 110 mg per dL (6.10 mmol per L). 

What exactly constitutes a diagnosis of MetS is somewhat controversial (Huang, 2009), however 

a general consensus is that an individual must possess a minimum of three of the listed risk 

factors to be diagnosed with MetS.  

1.6 SCI and MetS  

According to current research (Gater et al., 2018 & Myers et al., 2007 & Yahiro et al., 

2019), individuals with SCI seem to be significantly more susceptible to a number of metabolic 

characteristics when compared to able-bodied populations. Yahiro et al., found that out of 155 

veterans with SCI, 93% were considered at risk or obese by at least one of the commonly used 

measurements or screening tools for cardiovascular risk and MetS. It was recorded that based on 

the National Cholesterol Education program, 17% of these individuals had MetS however, other 

commonly used diagnosis criteria placed as many as 53% of these individuals in the MetS 

category. The physiological changes post-injury, including the changes in body composition, 

leave an individual with a unique metabolic profile that almost directly leads to the development 

of metabolic sequelae (Gorgey et al., 2014). According to a 2014 study, 50-75% of individuals 

with SCI have developed glucose intolerance and insulin resistance (Gorgey et al., 2014). Earlier 

research found that 62% of individuals with tetraplegia and 50% with paraplegia had abnormal 

oral glucose tolerance test results, compared to only 18% in the able-bodied control group 

(Bauman & Spungen, 1994). Elder et al. (2004) reported that 70% of glucose intolerance after 

SCI is due to the accumulation of intramuscular fat (IMF) and muscle atrophy of the thigh; both 

of which can be attributed to inactivity. A major reason for the increased vulnerability of in 
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individuals with tetraplegia towards insulin sensitivity has been attributed to the even greater 

amount of muscle atrophy experienced post-injury compared to those with paraplegia (Aksnes et 

al., 1996). Further research done in 2002 found a correlation between diabetic risk and elevated 

blood pressure, lipids, body size and insulinemia (Hanson et al., 2002).  

With respect to inflammation, the heightened presence of specific inflammatory 

cytokines, a common characteristic of SCI that has been attributed to excess adiposity (Farkas & 

Gater., 2017), has been recognized and supported as a key player in the development of MetS, 

cardiovascular disease and type II diabetes (Paoletti et al., 2006). Elevated TNF-α specifically, 

has been linked to increased waist circumference (Sumrell et al., 2018) and insulin resistance 

(Hanley et al., 2004; Olefsky & Glass., 2010) while CRP has been linked to depressed HDL-C 

levels, dyslipidemia, insulin resistance and an overall increase in cardiovascular risk (Nash et al., 

2018). As explained by Libby in 2006, a chronically heightened inflammatory state contributes 

to the development of cardiovascular disease by altering the expression of the vessel endothelial 

cells in a way that promotes the build-up of plaque. The inflamed tissue, whether it be due to 

insulin resistance, hypertension, hyperglycemia, diet, or obesity, will therefore result in a 

heightened risk of developing atherosclerosis (Libby, 2006). Leptin, a pro-inflammatory 

adipokine that typically acts as one of our body’s defense mechanisms against obesity is found in 

significantly higher quantities in SCI populations (Park et al., 2018 & Latifi et al., 2013). This 

can be attributed to increases in fat mass as well as the autonomic disruption that comes with 

SCI. Without an intact autonomic nervous system, the negative feedback loop controlling 

leptin’s release and action is ineffective. In cases where leptin levels are too high, the risk of 

developing leptin resistance becomes a major problem. Leptin resistance results in and 

inefficient regulation of leptin as well as ineffective expression limiting the positive effects on 
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energy expenditure. Given the strong relationship between leptin and fat mass as identified by 

Maimoun et al. (2004), leptin can be used as an accurate surrogate marker for fat mass. In 

contrast, with the body becoming predominantly inflamed, anti-inflammatory cells such as 

interleukin 10 (IL-10) or adiponectin typically decrease following SCI (Park et al., 2018). Lower 

adiponectin, an adipokine that is favourable in larger volumes due to its insulin-sensitizing 

effect, is found in obese people and has been linked with multiple MetS factors.  

Additionally, research has shown that greater than 37% of persons with SCI have HDL-C 

levels less than 35 mg/dl and 18% of this population have LDL-C greater than 160 mg/dl 

(Bauman et al., 1992). This dyslipidemia is worsened with aging and leads to accelerated 

coronary artery disease (CAD) after SCI (Nash et al., 2018). It was reported in 2007 that 76% of 

individuals with paraplegia had HDL-C less than 40 mg/dl (Nash et al., 2018). In a recent study, 

body fat percentage, a commonly elevated variable in SCI, was found to be correlated to glucose 

intolerance, cholesterol, and triglyceride levels. It was found that visceral adipose tissue (VAT) 

and subcutaneous adipose tissue (SAT) were both positively correlated to glucose intolerance 

and triglyceride levels while VAT was negatively correlated with HDL-C cholesterol (Gorgey et 

al., 2017). This correlation was further supported by Sumrell et al. (2018) who also found a 

positive correlation between both LDL-C and TC and waist circumference after controlling for 

age (r = 0.50–0.61, r = 0.52–0.58, P < 0.05).  

Yahiro et al. (2019) explain that due to the inconsistent results among previous studies 

examining the prevalence of MetS in SCI populations, conclusions should be interpreted 

cautiously when applying standard definitions of MetS to this population. Waist circumference 

for example, has been given a suggested cut-off for determining cardiovascular risk after SCI of 

>93cm (Ravensbergen et al., 2014) while obesity classification cut-offs were set at >102cm and 
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>88cm for women respectively following SCI (Silveira et al., 2017). The complexity of SCI 

warrants the need for diagnosis criteria specific to the population to allow for more accurate risk 

assessment and risk tracking via interventions moving forward.  

1.7 Current Treatments  

The basis of treatment for MetS should involve the management of weight and promotion 

of appropriate levels of physical activity (Eriksson & Lindgarde., 1991; Pan et al., 1997). Recent 

studies demonstrate that dietary modification and enhanced physical activity may delay or 

prevent the transition from impaired glucose tolerance to type 2 diabetes mellitus and provide 

relevant treatment paradigms for patients with MetS (Eriksson & Lindgarde, 1991). As explained 

by Morales-Palomo et al. (2018), increased physical activity may however be more effective 

than calorie restriction to slow the development of MetS since it has been proposed that the 

condition may be more related to underutilization of energy rather than overconsumption. 

Although proper management of the individual abnormalities through medication is a commonly 

used technique to reduce morbidity and mortality, it seems unlikely that this provides better 

outcomes than a more integrated strategy. Current research as a whole seems to suggest a change 

in diet as well as physical activity levels, possibly paired with medications, may be the most 

effective means of treating MetS and its constituents.  

 

1.8 Exercise as a Means of Reducing Cardiometabolic Risk  

1.8.1 Able-Bodied Research  

According to accumulating research, exercise can play a vital role in limiting the risks 

associated with MetS. In 2006, Brien and Katzmarzyk completed a study that examined the 
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relationship between physical activity and MetS in Canada. It was found that individuals who 

were inactive, which was defined as those who were not active a minimum of 30 minutes per 

week with some strenuous activity, were 73% more likely to develop MetS. Stewart et al. (2005) 

found that in a group of 115 participants aged 55-75 years, exercise was successful in lowering 

the risk of certain metabolic markers such as triglycerides, cholesterol and insulin sensitivity. 

Participants who did not engage in physical activity during their leisure time were almost twice 

as likely (OR =1.90; CI =95% confidence interval) to develop metabolic syndrome as those who 

participated in 150 minutes or more of an activity per week (Ford et al., 2002). 

In 2015, a meta-analysis of randomized controlled trials was completed to quantify the 

impact of exercise on various cardiovascular and metabolic risk factors in adults without CVD 

(Lin et al., 2015). The results strongly support the efficacy of exercise as a treatment and 

prevention tool given the numerous changes recorded. Exercise was found to significantly 

improve cardiorespiratory fitness, which has been deemed a strong independent predictor of 

CVD risk and mortality. Additionally, exercise was associated with improved levels of 

triglycerides, HbA1c, and of apolipoprotein A1, a commonly used marker for HDL-C given its 

cardioprotective effects of HDL-C. Despite a lack of effect on adiponectin, exercise was also 

significantly associated with reductions in leptin. As for glucose intolerance and insulin 

resistance, exercise was associated with improved fasting insulin levels and insulin resistance.   

 Additionally, a 2003 study concluded that aerobic exercise training in able bodied people 

with MetS is an effective way to mitigate risk (Katzmarzyk et al., 2003). 105 participants 

completed a 20-week standardized aerobic exercise training program consisting of three 

supervised sessions per week on a cycle ergometer. Starting at 55% of VO2max for 30 minutes, 

the participants’ protocols were progressed every two weeks until they reached 75% of VO2max 
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for 50 minutes which was completed for the final 6 weeks of the protocol. The results showed 32 

of 105 individuals no longer being classified into the metabolic syndrome category, as defined 

by the National Cholesterol Education Program, following 20 weeks of supervised aerobic 

training. Among those 32 participants, there were decreases in triglycerides (43%), blood 

pressure (38%), waist circumference (28%) and improvements in HDL-C (16%) and fasting 

plasma glucose (9%).  

Exercise has been shown to be an effective way to mitigate inflammation and improve 

insulin sensitivity via changes in adipokine release (Mika et al., 2019). Chronic exercise has been 

shown to contribute to a decrease in serum leptin concentration; an effect associated with the 

reduction of fat mass (Lehnig et al., 2019). Additionally, moderate chronic exercise seems to be 

associated with a decrease in the release of other pro-inflammatory cytokines such as TNF-α and 

CRP (Görgens et al., 2015). Existing evidence from both human and animal studies analyzing 

the effects of exercise on serum adiponectin levels is inconclusive at this time. Some evidence 

suggests chronic exercise provokes an increase in serum concentration or expression in fat cells 

while others suggest no affect at all (Kato et al., 2018; Lehnig et al., 2019).  

1.8.2 SCI Research Supporting Exercise  

In 2015, a 16-week, twice-weekly training program using either a hybrid arm-leg cycle or 

a simple hand-cycle as a means to mitigate cardiometabolic risk in individuals with SCI was 

tested (Bakkum et al., 2015). The results indicated that both types of exercise promoted similar 

effects on various MetS components. The Homeostatic Model Assessment (HOMA) was used 

for assessing insulin resistance (IR) from fasting glucose and insulin concentrations. Following 

the intervention, each of the following measures significantly decreased; insulin and insulin 

resistance (HOMA-IR) (26%), waist circumference (3.5%), diastolic blood pressure (7.0%), 
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inflammatory status (16.1%, 26.1% and 31.2% for CRP, IL-6 and IL-6/IL-10 ratio, respectively), 

and visceral adiposity (3.6% and 4.7% for trunk fat and android fat % respectively). No 

significant differences were found for SBP, triglycerides (TG), HDL-C, and glucose, however, 

TG were reduced in about 65% of the participants.  

 D’Oliveira et al. in 2013 specifically looked at individuals with cervical level spinal cord 

injuries and explored the relationship between body composition and glucose homeostasis in 

active and inactive individuals. Twenty-three participants ranging on the AIS from A to E were 

split into two groups; physically active (n = 14) and non-active controls (n = 8). Physically active 

individuals were chosen due to compliance to the following exercise criteria: having a minimum 

of two and a half hours per week of exercise, three times weekly or more for at least three 

months. No specification of whether this physical activity was aerobic or anaerobic in nature was 

included. The results showed those who were more physically active had 39% lower total fat 

mass and lower fat mass in arms (48%), legs (23%), and trunk (48%) compared to the control 

group. Additionally, the physically active group showed significantly lower HOMA-IR index 

(1.1 vs 1.7).  

A 2002 study set out to determine the efficacy of functional electrical stimulation (FES) 

as an aid during aerobic exercise for individuals with complete SCI (Jeon et al., 2002). Following 

the 8-week study of three times weekly (30 mins) FES-assisted cycling, participants showed 

significantly lower resting glucose (140 + 16 vs 122.4 + 10 mg/dl) levels. Insulin sensitivity was 

improved in two of three subjects tested during a hyperglycaemic clamp test. The oral glucose 

tolerance test (OGTT) results indicated improved glucose tolerance as glucose levels 2 hours 

after intake of 75 grams of glucose decreased by 15.3% following the intervention (pre-training: 

140+16 vs post-training: 122.4+ 10 mg/dl, P =0.014). Initially, four of seven participants had 
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impaired glucose tolerance (IGT) and one had diabetes mellitus (DM). After 8-weeks of training 

with FES-assisted cycling, three participants who had IGT and the one who had DM were re-

classified as normal based on the results from the 2-hour OGTT. These results support the body 

of research that suggests exercise may act as an effective tool in the prevention as well as the 

treatment of MetS in the SCI population. 

Elevated levels of pro-inflammatory cytokines in individuals with SCI as well as the anti-

inflammatory effects of exercise in general have been well documented in the literature. A 2015 

meta-analysis by Neefkes-Zonneveld et al, concluded that exercise may improve systemic 

markers of low-grade inflammation such as IL-6 and CRP in individuals with SCI. The authors 

suggest that based on available research, individuals with paraplegia seem to gain greater benefit 

than those with quadriplegia. A recent 2018 review suggests that it is the obesity associated with 

SCI that results in the state of chronic, systemic inflammation as it is primarily derived from 

adipokine release from excess adipose cells (Farkas & Gater., 2017). From the author’s review of 

current articles published to MEDLINE, PubMed, Google Scholar, and ClinicalKey pertaining to 

inflammation and obesity following SCI, Farkas & Gater (2017) concluded that the reduction of 

adipose tissue, and therefore pro-inflammatory adipokines such as leptin through the use of diet 

and exercise demonstrates promise as a means to mitigate the cardiometabolic risks that may 

come with chronic inflammation and SCI. 

1.9 Current Exercise Guidelines for SCI  

Currently, there seems to be some discrepancies as to the exercise guidelines for a SCI 

population (Nightingale et al., 2017). In 2011, the following guidelines were proposed as a 

sufficient amount to improve overall fitness; adults with a SCI should engage in (a) at least 

20 min of moderate to vigorous intensity aerobic activity two times per week and (b) strength 
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training exercises two times per week, consisting of three sets of 8–10 repetitions of each 

exercise for each major muscle group (Ginis et al., 2011). More recently, Ginis et al. (2018) 

have provided an update to these guidelines specific to improving cardiometabolic health in the 

SCI population. It is proposed that in order to obtain cardiometabolic health benefits, individuals 

must engage in at least 30 minutes of moderate to vigorous intensity aerobic exercise 3 times per 

week. Further, Nash et al. (2018) suggest a minimum of 150 minutes of physical exercise per 

week beginning as soon as possible following an injury as a means of mitigating cardiometabolic 

risk. This may be attained through 30 to 60-minute sessions 3-5 days per week or by completing 

at least three, 10-minute sessions of exercise per day.  

1.10 Effectiveness of Current Guidelines  

In 2015, Totosy de Zepetnek et al. completed a 16-week randomized controlled trial that 

assessed the efficacy of the physical activity guidelines (Ginis et al., 2011) for individuals with 

SCI. The study included a physical activity guideline group as well as an active control group 

that continued their existing physical activity routine with no guidance on training intensity. 

With a total of 23 participants, a mix of aerobic and resistance training was completed as per the 

guidelines, resulting in no significant change in vascular or metabolic health as indicated by 

measures such as pulse wave velocity, carotid distensibility, flow mediated dilation and those 

found in fasted blood samples. Similarly, the available but limited data on improved adiponectin 

levels following exercise interventions imply that the release of adiponectin may depend on 

exercise intensity (Görgens et al., 2015). Totosy de Zepetnek et al. (2015) concluded that the 

original guidelines remain effective for the maintenance of body composition and physical 

fitness, however changes may be needed in order to promote healthy adaptations in areas such as 

metabolic risk. Recent research by Nightingale et al. (2017) also suggests that the moderate-
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intensity recommendations in these guidelines may be something that needs to be challenged. 

The authors note that the majority of the exercise studies to date show modest improvements in 

the metabolic profile in both able bodied and SCI populations however these studies have all 

taken on a moderate intensity continuous training (MICT) approach. Nightingale et al. (2017) 

suggest that in order to gain more significant results in a SCI population, it may be time to raise 

the intensity. As explained in the article, these individuals not only have a smaller active muscle 

mass, but they have a blunted hemodynamic response therefore reducing their absolute capacity 

for physical exercise. With that, it is suggested that in order to reach a similar absolute energy 

expenditure, cardiovascular demand or whole-body metabolic demand, we must raise the 

exercise intensity for these individuals (Nightingale et al., 2017). In the able-bodied literature, 

evidence for high intensity interval training (HIIT) has accumulated showing that this time 

efficient, heart safe style of exercise may have advantages over MICT as a means to reduce 

cardiometabolic risk. HIIT in populations with a disability such as SCI is a topic that has yet to 

be fully covered in the literature and therefore requires more research; especially as it relates to 

reducing metabolic risk.  

1.11 High Intensity Interval Training (HIIT)  

HIIT entails bouts of exercise performed above the intensity that elicits the maximal 

lactate steady state. Any exercise above this threshold results in the accumulation of systemic 

metabolites implicated in fatigue. In order to maintain this type of workload, the exercise must 

therefore be completed in intervals with interspersed rest periods for recovery (Nightingale et al, 

2017). The short bursts of intense exercise, followed by a relative cool down scheme provides a 

safe framework for a heart that may be at risk (Nebel & Bjarnason, 2018). Further, HIIT 

challenges the heart’s ability to sustain high intensities as well as to recover from them as 
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efficiently as possible. In comparison to MICT, the physiological adaptations resulting from 

HIIT are seemingly greater when training volumes are equal (MacInnis & Gibala, 2016). 

1.11.1 HIIT Research in Able-Bodied Populations  

In 2016, Batacan et al. completed a thorough literature review regarding the cardiometabolic 

health effects of HIIT in adults. A total of 65 studies were included in the review and the authors 

weighted the evidence based on the Downs and Black Score. From their review, the authors 

made a number of conclusions pertaining to both short term HIIT (<12 weeks) as well as long 

term HIIT (>12 weeks). Specifically, both long term and short term HIIT were shown to be 

effective in lowering metabolic and cardiovascular risk. Short term HIIT was effective at 

improving waist circumference in an overweight population, VO2max in normal weight 

populations (p < 0.00001) as well as overweight populations (p < 0.001), and reducing diastolic 

blood pressure (SMD -0.52) and fasting glucose (SMD -0.35) in overweight populations. Long 

term HIIT improved VO2max by a large effect in overweight populations (SMD 1.20), decreased 

resting HR (SMD -0.33) by a small effect in overweight populations, and decreased both systolic 

blood pressure (SMD -0.35) and diastolic blood pressure (SMD -0.38) in overweight populations 

(Batacan et al., 2016). The researchers also speculated on the possible mechanisms for the 

success of HIIT, as opposed to MICT, specific to fat loss. Specifically, HIIT may evoke a 

lowered appetite post-exercise, a greater post-exercise O2 consumption which optimizes fat loss, 

as well as a significantly elevated catecholamine response post-exercise. It has been shown that a 

greater release of catecholamines post-exercise can increase fat oxidation and fat release from 

visceral fat stores. An interesting finding of the review was the absence of weight loss despite a 

significant reduction in body fat percentage. Batacan et al. (2016) suggest that the absence of 

weight loss was due to a gain in lean muscle mass balancing out the losses in body fat. Increases 
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in lean mass act as a strong additional argument for this training type due to the previously 

mentioned benefits of increased muscular metabolism and size.  

In the previously mentioned study by Morales-Palomo et al. (2018) the researchers included 

44 middle-aged, obese individuals initially categorized as sedentary, and aimed to explore the 

effects of HIIT on medication use in MetS. The training group was treated with a 16-week HIIT 

program consisting of three times weekly exercise while the control group, chosen from an 

intervention waiting list, remained sedentary and were advised to maintain current dietary and 

physical activity habits. The HIIT protocol entailed four 4-minute intervals of cycling at 90% of 

peak HR interspersed with 3 minutes of active recovery at 70% of peak HR. Following the 

intervention, the control group experienced significant increases in WC (3.83 ± 1.07 cm), BMI 

(0.43 ± 0.36 kg·m-2), as well as in the 10-yr cardiovascular risk score (2.64% ± 0.91%). In 

contrast, the training group experienced a significant decrease in mean arterial BP (-7.3 ± 2.2 

mm Hg), BMI, (-0.72 ± 0.36 kg·m-2), body weight (1.9 ± 1.1 kg·m-2), and fat mass (-0.9 ± 0.3 

kg) (Morales-Palomo et al., 2018). In addition, the results indicated that the training group 

maintained their medication requirements whereas the control group experienced a significant 

increase in their need for medication throughout the study.  

In 2017, a study by Mora-Rodriguez et al. further explored the effects of HIIT versus a 

control group instructed to maintain current dietary and physical activity levels on the 

hemodynamics of individuals with metabolic syndrome. Forty obese adult men and women 

participated in this six-month study (n = 20 per group) consisting of 45 minutes of cycling three 

times per week for a total of 75 sessions. A HR monitor was worn each session and used to 

ensure the participants reached four, 4-minute bouts of cycling at 90% HR max interspersed by 

3-minute recovery periods at 70% HR max as described previously (Morales-Palomo et al., 
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2018). Following the 6 months, the control group experienced no change in cardiovascular 

function or in factors associated with metabolic syndrome. The HIIT group however, did see 

significant changes in a number of measures. Specifically, the HIIT group experienced 

significant reductions in body weight (92.6 ± 13.1 vs. 90.7 ± 11.2 kg), BMI (33.2 ± 3.1 vs. 32.9 ± 

2.9 kg m−2), percent body fat (37.2 ± 7.1 vs. 35.6 ± 6.7%), mean waist circumference (107 ± 7.3 

vs. 105 ± 6.7 cm), and mean arterial blood pressure (101.7 ± 11.7 vs. 93.9 ± 7.6 mmHg; p < 

0.001). The training implemented did not however have an impact on blood glucose, 

triglycerides or HDL-C as they remained at the levels of the control group at the end of 

treatment. Following 8 weeks of high intensity interval training, results from a 2016 study 

concluded that HIIT proved effective at significantly reducing leptin (-1.19ng/mL) and 

improving adiponectin (+1.18ng/mL) levels in overweight nurses (Avazpor et al., 2016). The 

authors suggest that based on the current results and previous research, the influence of exercise 

on leptin and adiponectin may be heightened by existing metabolic syndrome factors as well as 

the intensity and duration of the exercise.  

Given the surge in research surrounding HIIT and its effectiveness, the optimal frequency 

needed for cardiometabolic adaptations became the subject in a 2018 study (Stavrinou et al., 

2018). Following medical screening, 35 inactive adults with an average age of 31 were cleared to 

participate. These participants were then randomly distributed into a control group or one of two 

training groups; one that exercised twice per week (HIIT-2) and one that exercised three times 

per week (HIIT-3) for a total of eight weeks. Outcome measures included VO2peak, body 

composition, and a number of blood components indicative of cardiometabolic health. The HIIT 

protocol chosen included 10, 60-second cycling intervals at an intensity of about 83% of the peak 

wattage (W-peak) obtained during a VO2peak test interspersed with 60 seconds of low intensity 
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recovery (about 30% of W-peak). Following the 8 weeks, significant changes in waist 

circumference (HIIT-2: -1.4 cm, HIIT-3: -2.4 cm) and thigh lean CSA (HIIT-2: 11.4 cm2, HIIT-

3: 9.3 cm2) were found in both HIIT groups. However, only the HIIT-3 group showed significant 

reductions in percent body fat (-0.7%) and trunk fat (-1.8%, p=0.002). Interestingly, after 4 

weeks of training, only HIIT-3 proved effective at improving VO2peak (11.6 %), however after 8 

weeks, both HIIT-2 and HIIT-3 proved equally effective (10.8 % and 13.6 % respectively) with 

no change in the control group. As for the biochemical markers, total cholesterol (TC) and LDL-

C were significantly reduced only in the HIIT-3 group (TC: -0.39 mmol·L−1 and LDL-C: -

0.32 mmol·L−1). Overall, it was concluded that HIIT-2 is enough to promote healthy 

cardiometabolic changes however three times per week proved superior through its ability to also 

affect fat deposits and cholesterol (TC and LDL-C).  

Following the previous line of thought, a 2017 study aimed to find an optimal volume of 

HIIT required for significant metabolic and body composition changes (Phillips et al., 2017). 

One hundred eighty-nine sedentary women (n = 101) and men (n = 88) with impaired glucose 

tolerance and/or a body mass index (>27 kg m−2) participated in this study and the main outcome 

measures included VO2max, mean arterial BP, and insulin resistance. The participants were 

randomly split into two groups to start, a “7 by 1” HIIT group, and a non-exercising control 

group. The “7 by 1” HIIT protocol consisted of three supervised cycling sessions weekly. The 

protocol itself was as follows; work frames of one minute with the goal of reaching 100% of the 

work required to elicit VO2max (Wmax) interspersed by one-minute active recovery periods. Based 

on interim analysis, only modest increases in VO2max (+6.2%) and no other notable changes were 

found with the “7 by 1” so the decision was made to try a higher intensity, lower volume 

protocol; the “5 by 1”.  
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One hundred and thirty-six participants completed this new protocol that came with a few 

changes. The new protocol consisted of 5 one-minute bouts of high intensity followed by 90 

seconds of recovery. Initially, intensity was set at 85% of the work required to elicit VO2max 

(Wmax), and was increased by 10% until the participant was unable to complete a full 1-min bout. 

Following 6 weeks of this more time efficient protocol, superior benefits to VO2max (+10.0%) 

were observed. The “5 by 1” was also effective at significantly reducing mean arterial blood 

pressure and insulin resistance (2.8% and 16% respectively). The authors concluded that this 

time-efficient exercise (<45 min/week) can reduce type 2 diabetes and cardiovascular disease 

risk factors in overweight men and women. It was also suggested that maintenance of this 

exercise protocol should yield long-term health benefits with a fraction of the required time-

commitment associated with the recommendations by current public health guidelines (Phillips 

et al, 2017). 

1.11.2 HIIT Research in SCI Populations 

 Despite promising results in able-bodied individuals, there is a lack of quality, 

randomized controlled trials evaluating the efficacy of HIIT in a SCI population. Given the 

amount of support for HIIT in populations at risk for CVD or other conditions, HIIT in SCI has 

been suggested by researchers as an effective way of mitigating cardiometabolic risks post-

injury. In 2016, the training responses to HIIT in a 42-year old man with SCI were recorded 

(Harnish et al., 2016). The participant competed a total of 36 sessions of various HIIT protocols 

over approximately 14 weeks. Despite being just a case study, the results provided do suggest 

improvements on multiple facets of metabolic health and overall fitness. As for body 

composition, a reduction in body fat % (-2%) and fat mass (-1.7kg) was recorded. Further, peak 
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workload increased 50% from 60W to 90W, VO2peak increased by 52% (0.970 L/min to 1.50 

L/min) by week six but failed to progress further by week twelve.    

More recently, Astorino and Thum (2016) set out to examine within-session responses to 

HIIT in the SCI population. The participants included two individuals with tetraplegia and 8 with 

paraplegia with AIS classifications ranging from A-D. During a 2-3-week period, participants 

completed four exercise sessions on an arm ergometer in randomized order for VO2peak, HIIT, 

MICT, and SIT. Following the four sessions, the data indicated that the rise in peak oxygen 

uptake and heart rate was superior in both HIIT and SIT when compared to MICT. The authors 

concluded that time-efficient bouts of interval training (HIIT and SIT) elicit higher 

cardiorespiratory and metabolic strain versus MICT. An increase in cardiorespiratory and 

metabolic strain is a relatively hard thing to achieve in this population given the loss of muscular 

function. Finding new ways to exercise, ways that apply adequate metabolic and 

cardiorespiratory stress, is imperative to mitigating some of the risks that come with the drastic 

drop in physical activity and paralysis that follow a SCI (Astorino and Thum., 2016). Further, the 

physical activity enjoyment (PACES) questionnaire was completed following the intervention. 

Despite the elevated RPE and blood lactate accumulation during the HIIT and SIT protocols, the 

participants not only preferred these protocols over continuous exercise, they also experienced 

higher VO2 recordings. It was recorded that 55% of the participants preferred HIIT while the 

remaining 45% preferred SIT (Astorino and Thum., 2016). 

   In 2018, MICT and HIIT were directly compared in ambulatory subjects with incomplete 

SCI (Wouda et al., 2018). A total of 30 participants were split into two intervention groups 

(MICT and HIIT) and a control group. The intervention groups were required to perform a 12-

week individual training program at home by walking or running, depending on physical ability. 
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The MICT group was instructed to exercise three times per week at 70% of max HR, while the 

HIIT group was instructed to exercise twice per week at 85-95% of HRmax. Outcome measures 

included VO2peak, a 6-minute walk test (6MWT) and 7 days of continually monitoring total daily 

energy expenditure and total steps. Following the protocol, it was found that all three groups, 

including the control group, experienced an increase in VO2peak however no difference between 

groups was found in overall physical capacity (VO2peak and 6MWT). The results of this study 

should be interpreted with caution given that the sympathetic decentralization that accompanies 

high thoracic and cervical SCI generally prevents the use of HR as an accurate indicator of 

metabolic or cardiovascular strain while exercising for this population. It is important to note that 

this participant population included only individuals categorized as AIS D which would limit the 

effect of autonomic disruption however RPE has been suggested to be a superior measure of 

exertion in this population (Van der Scheer et al., 2017). Further, promoting unsupervised 

exercise at home leaves room for error in areas such as exercise adherence and proper HR 

monitoring during exercise sessions. For these reasons, as well as the researchers being ethically 

held back from limiting HIIT-like workouts in the control group, the results may not show an 

accurate comparison of the effectiveness of HIIT, MICT, and treatment as usual.   

 Additionally, recent 2018 and a 2019 papers by Gauthier et al. and Mcleod et al. provide 

more insight into the feasibility and effectiveness of HIIT following SCI. Gauthier et al. (2018) 

set out to test the effectiveness of a 6 week, three times per week HIIT protocol as compared to a 

6 week, three times per week MICT protocol in manual wheelchair users. The results suggest 

that based on a questionnaire built to assess feasibility, both HIIT and MICT were feasible in this 

population however no significant results were found in either group for cardiorespiratory fitness 

or upper body strength. The authors did note however that the development of shoulder pain with 
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HIIT may be a risk that needs further exploration in the research. Mcleod et al. (2019) set out to 

determine the effects of a 5 week, three times per week SIT protocol in acute SCI as compared to 

a MICT protocol. The results suggest that HIIT was as effective as MICT at improving peak 

power output, with no significant difference for enjoyment or pain between the two 

interventions. Together, the results of these studies are inconclusive as to whether or not HIIT is 

a viable method of inducing significant metabolic change following SCI.   

A number of studies interested in the comparison of HIIT and MICT have looked into 

differences in muscle activity which provides some interesting findings for a SCI population. As 

mentioned, the significant atrophy experienced due to paralysis as well as a drop in physical 

activity leave an individual far more susceptible to a number of metabolic changes and eventual 

conditions such as diabetes. Guadalupe-Grau et al. (2018) explain that skeletal muscle is much 

more than a storage site for glucose. Muscle is also a major determinant of whole-body aerobic 

capacity, it plays a crucial role in the regulation of fatty acid (FA) uptake, mitochondrial FA 

oxidation, and basal metabolic rate. Muscle lipases hydrolyze blood triglycerides and 

triglyceride-rich lipoproteins supplying the myocyte with fatty acids to oxidize or store 

(Guadalupe-Grau et al., 2018). Inactive muscle results in dysregulated muscle metabolism which 

hinders our body’s ability to maintain, or keep up with, the mentioned tasks leaving our bodies 

more susceptible to metabolic sequelae. Higher intensities, such as those experienced in HIIT, 

typically induce greater neuromuscular fatigue (Theurel & Lepers, 2008), greater type II muscle 

fibre recruitment (Kristensen et al., 2015) and augment the activation of molecular pathways 

linked to mitochondrial biogenesis. That being said, the possible benefit of improving muscle 

size and activity is one that makes HIIT especially interesting for individuals with higher risk for 

CVD or MetS.  
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1.12 Conclusion  

 To conclude, the prevalence of MetS, diabetes and cardiovascular risk following SCI is 

highly prevalent and imposes serious physiological consequences. As explained by Morales-

Palomo (2017), the presence of metabolic syndrome in able-bodied individuals doubles the 

likelihood of cardiovascular disease and increases all-cause mortality 50%. For the SCI-

population in particular, the importance of continued research surrounding the treatment and 

prevention of cardiometabolic disorders is heightened, just as the prevalence and risk are 

following an injury. As suggested by Nightingale et al. (2017), raising the intensity and 

challenging the current guidelines has proven beneficial in able-bodied populations which has 

now led to a real need for further HIIT research in the SCI-population.   
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Chapter 2. Introduction 

2.1 Rationale  

 In the event of a spinal cord injury (SCI), a number of profound changes take place to the 

motor, sensory, and autonomic capacities of an individual below the level of the injury. As of 

2010, it was estimated that the incidence of traumatic SCI (TSCI) in Canada was 53 per million 

with a discharge rate of 41 per million while non-traumatic SCI (NTSCI) had a discharge rate of 

68 per million (Noonan et al., 2012). Given the increased life expectancy post-injury, secondary 

health complications have experienced a paradigm shift where metabolic syndrome (MetS) and 

cardiovascular disease (CVD) have replaced renal and pulmonary complications as the new 

leading causes of morbidity and mortality for this population. Following a SCI, autonomic 

dysfunction impedes hemodynamic regulation while paralysis increases the risk of inactivity, 

which together causes metabolic risk factors to present more often and earlier in life as compared 

to able-bodied (AB) populations (Nightingale et al., 2017). These factors include hypertension, 

elevated blood sugar levels, excessive body fat accumulation around the waist, dyslipidemia, and 

abnormal triglyceride levels (Saunders, 2015). The co-existence of these conditions has been 

termed Metabolic Syndrome (MetS) and creates an increased risk for CVD and diabetes. Recent 

evidence supports the expansion of this term to include inflammation. It is well documented that 

individuals with SCI are characterized by chronic low-grade inflammation (Wang et al., 2007) 

which has also been linked to conditions such as CVD or diabetes (Hanley et al., 2004).  

Individuals with SCI are also characterized by a unique lipid profile in which HDL-C 

cholesterol, or the good cholesterol, is significantly decreased in the blood while LDL-C and 

triglycerides are significantly elevated essentially putting more stress on the heart. Low blood 

pressure, hyperlipidemia, and increased waist circumference are common amongst the SCI-
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population and have all been linked to the development of diabetes (Hanson et al., 2002). The 

increased risk for inactivity following SCI further contributes to these metabolic changes.  

Unfortunately, it is common to see a substantial drop in physical activity post-injury as well as a 

considerable loss in muscle mass as reported by Elder et al. (2004) which ultimately leads to 

increased risk of metabolic sequelae.  

Additionally, the adipokines leptin and adiponectin have been thoroughly covered in the 

literature pertaining to obesity-related metabolic changes that increase risk for cardiovascular 

disease and diabetes. Leptin, an adipokine commonly known for its role in satiety and 

metabolism, is commonly found in significantly higher quantities in SCI population (Park et al., 

2018 & Latifi et al., 2013). Given the strong relationship between leptin and fat mass as 

identified by Maimoun et al. (2004), leptin can be used as an accurate surrogate marker for fat 

mass. Heightened leptin in SCI is indicative of both increased fat mass typically seen post-injury 

as well as autonomic dysfunction (Jeon et al., 2003) given that in the absence of intact autonomic 

pathways to and from the hypothalamus, leptin’s feedback loop is no longer intact leaving its 

quantity uncontrolled. The latter was supported by Wang et al. (2005) who found individuals 

with tetraplegia, a population characterized by more severe autonomic dysfunction, to have 

higher leptin values than individuals with paraplegia even after correcting for fat mass. Increased 

leptin has been positively correlated with total cholesterol, LDL (Maimoun et al., 2004), body 

mass index (BMI), systolic and diastolic blood pressure (SBP and DBP respectively), insulin, C-

reactive protein (CRP) (Coutinho et al., 2015), and IL-6 while negatively correlated with HDL-C 

(Gilbert et al., 2014). Adiponectin, an anti-inflammatory counterpart to leptin is an adipokine 

that seems to play a key role in insulin resistance. Unlike leptin, more adiponectin has been 

negatively correlated with many of the MetS constituents or risk factors (Tabak et al., 2017). 
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Through its role of fatty acid oxidation, the inhibition of hepatic gluconeogenesis, improved 

glucose uptake, and its general anti-inflammatory nature, adiponectin is a major area of interest 

for the treatment of diabetes and cardiovascular disease (Von Frankenberg et al., 2017).  

Exercise has been well-documented as a means to promote improved physical and 

psychosocial outcomes after SCI. Accordingly, exercise guidelines for individuals with SCI were 

established in 2011 that prescribed twice weekly moderate to vigorous aerobic exercise and 

twice weekly resistance training as a minimum threshold to achieve fitness gains. However, 

these guidelines had mixed results on their effectiveness pertaining to cardiometabolic outcomes. 

For example, research has shown that a 16-week, twice weekly intervention consisting of either 

hybrid cycling or simple hand-cycling elicit positive changes in waist circumference, blood 

pressure, insulin resistance, inflammatory status, and visceral adiposity (Bakkum et al., 2015) 

while a separate study, set out to specifically test the effectiveness of the guidelines, found no 

significant changes in vascular or metabolic health as indicated by measures such as pulse wave 

velocity, carotid distensibility, flow mediated dilation and fasted blood markers (Totosy de 

Zepetenek et al., 2015). As a result, updated physical activity guidelines suggesting at least 30 

minutes of moderate to vigorous intensity aerobic exercise 3 times per week were provided 

specifically to improve cardiometabolic health (Ginis et al., 2018). It has been pointed out that 

given the loss in active muscle mass as well as a blunted hemodynamic response, those 

proposing the guidelines for this population may want to consider raising the intensity in order to 

compensate for these changes (Nightingale et al., 2017). Further, in order to induce a similar 

amount of metabolic or cardiovascular stress in the SCI-population, higher intensities may be 

needed (Nightingale et al., 2017).  
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 Growing evidence in able-bodied populations for high intensity interval training (HIIT) 

make it a major area of interest for the SCI-population. In 2015, a systematic review and meta-

analysis of intervention studies was completed regarding the cardiometabolic health effects of 

HIIT in able-bodied adults. The results strongly support the viability of HIIT as an exercise type 

that effectively targets metabolic factors including waist circumference, VO2max, fasting glucose, 

% body fat, blood pressure and resting HR (Batacan et al., 2016). Supporting research has been 

done in a variety of age groups and populations including those with CVD or post-cardiac events 

however the effectiveness in the SCI-population has not been thoroughly covered. From the 

limited research that does exist on HIIT in SCI, there are mixed results as to the effectiveness in 

targeting the metabolic profile. A single participant study in 2016 by Harnish et al. recorded 

positive changes in a number of metabolic factors. Although only a case study, the results do 

suggest improvements in metabolic health and overall fitness. As for body composition, a drop-

in body fat % (32.0 to 30.0%) and fat mass (20.3kg to 18.6kg) was recorded. Further, by week 

six, peak workload increased 50% from 60W to 90W and VO2peak increased by 52% (0.970. 

min−1 to 1.50 L. min−1) but these outcomes failed to progress further by week twelve. In 2016, 

Astorino and Thum examined the within-session responses to HIIT, sprint interval training (SIT) 

and moderate intensity continuous training (MICT) in individuals with SCI (C5-T9). The results 

indicated a superior response for VO2peak, and peak heart rate (HR) in both HIIT and SIT as 

compared to MICT. A higher HR represents a higher metabolic and cardiovascular demand 

which may lead to eventual changes to the metabolic profile following a SCI. More recent papers 

by Gauthier et al. (2018) and Mcleod et al. (2019) demonstrate the feasibility of HIIT in an SCI 

population but are unable to confirm whether or not HIIT is in fact effective as a means to 

promote metabolic change or if it is superior to MICT. With such limited evidence in the SCI-
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population, more research pertaining to the effectiveness of chronic HIIT on the metabolic 

profile and overall cardiovascular risk is needed. 

2.2 Purpose and Hypotheses  

2.2.1 Statement of Purpose  

 The purpose of this study was to determine the effectiveness of a 6-week high intensity 

interval training (HIIT) protocol as a means of reducing cardiometabolic risk in individuals with 

SCI.  

2.2.2 Hypotheses 

 We hypothesize that a 6-week high intensity interval training (HIIT) protocol, consisting 

of three training sessions per week, would prove effective at mitigating risk associated with the 

main constituents of metabolic syndrome. Specifically, we hypothesize that the chosen protocol 

would improve cholesterol (HDL-C and TC), triglycerides, glycated hemoglobin, waist 

circumference, VO2peak, blood pressure, levels of pro-inflammatory cytokines (CRP, TNF-α), as 

well as the adipokines leptin and adiponectin. Additionally, we hypothesize that our participants 

would express a high sense of enjoyment for the protocol through the use of the physical activity 

enjoyment scale (PACES).  
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Chapter 3. Methods 

3.1 Study Design and Participants  

 Participants were recruited between January and February 2019. The six-week study 

consisted of three HIIT sessions per week preceded and concluded with two testing days required 

for pre and post data collection. Participants were instructed to maintain their current dietary 

habits during the 6-week intervention. Individuals with various levels and severities of SCI were 

recruited for participation from the Brock-Niagara Centre for Health and Well-Being, Power 

Cord exercise program. Our inclusion criteria included the following; 18 years or older, able to 

communicate clearly in English, a SCI of any level or severity as defined by the American Spinal 

Cord Injury Association (ASIA/AIS), and at least one-year post-injury/diagnosis. As member of 

the Power Cord exercise program, each participant had already been examined by a Physician 

and had received approval to engage in exercise without restriction (including vigorous 

exercise). Nine individuals (6 male, 3 female; age 44-69) with chronic (3-41 years) SCI (C2-L3; 

AIS Impairment Scale A-D) were recruited for participation in the study however two dropped 

out due to illnesses after less than a week of training leaving only seven to complete the entirety 

of the intervention. The study received ethical approval from the Brock University Research 

Ethics Board (File No. 18-022 - DITOR). All data was collected on-site at Brock University and 

at the Brock-Niagara Center for Health and Well-Being. Participant characteristics are shown in 

Table 1. 
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Table 1: Participant Characteristics 

Participant 

Number 
SCI level AIS 

Classification 
Sex Age (Years) 

Years Post-

Injury 

1 C2 D M 68 3 

3 C6 C M 57 30 

5 L3 A M 64 10 

6 C6 C F 65 5 

7* C3 D F 69 41 

8 T10 D F 37 15 

9 C3 C M 54 15 

*Participant 7 completed five of the six weeks prior to dropping out and did not complete the 

post-test VO2peak. The final blood analyses do contain this individual’s data as a post blood 

sample was collected however, with a lack of post-test VO2peak values, this individual was taken 

out of that analysis.  

*AIS = American Spinal Injury Association Impairment Scale.  

 

 

 



 

 31 
 

3.2 Data Collection Protocol 

3.2.1 Visit #1:  

Participants reported to the lab where they were asked to void their bladders prior to 

testing. Due to participant availability, not all blood draws were done in a fasted state or at the 

same time pre and post however research has suggested that there is no significant change in 

cholesterol levels between fasted and non-fasted blood samples (Doran et al., 2014 & Langsted 

et al., 2008). Using HbA1c or blood sugar allows for minimal impact caused by fasting or non-

fasting state. As for triglyceride levels, it has been suggested that in order to allow for possible 

increases that may happen with regular food intake a minimum threshold of 200mg/dL (2.3 

mmol/L) be used for the diagnosis of MetS (Driver et al., 2016). Once transferred onto the 

examination table, participants relaxed in the supine position for 10 minutes, and the following 

two tests were conducted:    

Waist circumference: The participant’s shirt was lifted just past the navel, and a non-

elastic tape measure was placed at the approximate midpoint of their hip (anterior superior iliac 

spine) and the lowest rib by the Student Investigator. For accuracy, the measure was taken twice 

and averaged.  

Blood draws: A 19mL blood draw was taken from the antecubital vein of the non-

dominant arm. 15mL was drawn into a serum-separating tube (SST) tube as the majority of the 

outcome measures were measured in serum. The remaining 4mL were drawn into an EDTA tube 

for the purposes of whole blood, glycated Hemoglobin measurements. All blood draws were 

performed by a certified phlebotomist who first cleaned the skin with an alcohol swab, and then 

inserted the needle to draw the blood into vacutainer tubes. The SST tubes were kept at room 
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temperature for 30 minutes to allow clotting then placed on ice while the EDTA tubes were 

placed on ice immediately after being taken. SST tubes were then spun in a centrifuge at a speed 

of 2000 times gravity in a temperature-controlled centrifuge (24oC) for 5 minutes. The serum 

was then extracted from the SST tubes and aliquoted at a volume of 300 microlitres into 

individual Epindorf tubes, while the whole blood from the EDTA tubes was aliquoted at a 

volume of 500 microlitres. All samples were stored at -80 degrees C until analysis via Enzyme-

linked immunosorbent assay (ELISA) or by use of the Magpix Luminex system.  

3.2.2 Visit #2: 

Blood Pressure: Blood pressure was measured using a Caremax digital blood pressure 

cuff. The participants were instructed to sit for 10 minutes in a quiet room before this value was 

recorded and the cuff took a total of six measurements and provided an average.  

Aerobic capacity (VO2peak): The VO2peak testing was conducted on the NuStep machine, 

which is a recumbent arm-leg exercise machine in Power Cord, and all potential participants had 

experience with this piece of equipment prior to testing. To begin the testing, the participants 

were asked to do a very light (0 resistance) warm-up for 5 minutes while the investigators 

ensured that the MOXUS Modular Metabolic System was providing accurate oxygen (O2) 

readings. Following the warm-up, the resistance was increased by one unit on the NuStep 

machine every 2 minutes until volitional fatigue or until a plateau in O2 consumption was 

reached despite increasing workload. VO2 and Nu-Step resistance level were also recorded 

throughout the test and the highest VO2 recording over 30 seconds of the test was used as the 

VO2peak. As the NuStep machine does not provide actual wattage, the peak power output (POpeak) 

was simply recorded as the resistance level setting when the participant achieved VO2peak. The 
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mouthpiece, mask, and straps were cleaned using alconox; a common cleaner for this exercise 

equipment.  

 Exercise preference: The Physical Activity Enjoyment Scale (PACES) is an 11-item 

questionnaire that captures participant-reported enjoyment during activity or exercise. Questions 

are scored using a 7-point bipolar rating scale, and higher total scores for the PACES 

questionnaire are indicative of greater enjoyment. Previous work has demonstrated the validity 

and reliability of the PACES questionnaire in adults with functional limitations (Murrock et al., 

2016).  

3.2.3 Exercise (HIIT) Sessions – “5 by 1” Protocol 

Each session was supervised and completed on the NuStep exercise machine.  

Participants performed a very mild 5-minute warm-up (0 resistance, and 60 rpm), followed by 5 

one-minute bouts of high intensity exercise, with 90 seconds of low intensity recovery between 

each bout. These bouts were followed by a 3-minute cool down (0 resistance, and 60 rpm). The 

high-intensity exercise was performed at a minimum intensity of 17 (very hard) on the BORG 

RPE scale, and the 90 second active rest intervals were performed at an intensity of 7-9 

(extremely light – very light). A 2010 paper by Goosey-Tolfrey et al. suggests that the 6-20 scale 

for RPE has acceptable validity for adults with SCI exercising at moderate-vigorous intensities 

which was later supported by a systematic review in 2018 (Van der Scheer et al., 2017). The 

baseline VO2peak test was used to help estimate the desired intensity (Nu-Step level), and a 

Student Investigator communicated with the participant during the exercise sessions in order to 

adjust the level, if necessary, to maintain the RPE score of 17 during the high-intensity bouts and 

7-9 during the active rest bouts. Based on the previously mentioned research by Stavrinou et al. 
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(2018) and Phillips et al. (2017), the “5 by 1” protocol was completed three times weekly as 

these were proven more effective than the “7 by 1” and twice weekly programs.  

3.3 Quantification of Blood Markers  

The analytes of interest included pro-inflammatory cytokines (CRP, TNF- α), adipokines 

adiponectin and leptin, lipids (HDL-C, LDL/VLDL) and triglycerides, and glycated hemoglobin 

(HbA1c). Analyses of cytokines and adipokines were performed in duplicate via the Magpix 

Multiplex system (EMD Millipore, MA, USA.) and analyzed using Luminex software. 

Cholesterols and triglycerides were analyzed in duplicate and quantified via EnzyChrom 

enzyme-linked immunosorbent assay (BioAssay Systems, San Francisco Bay, USA). HbA1c was 

analyzed in duplicate and quantified via enzyme-linked immunosorbent assay (Cedarlane, 

Burlington, CA). HbA1c was measured in whole blood while all other analytes were measured in 

serum.  

3.4 Statistical Analysis 

Normality was checked and paired t-tests or Wilcoxon signed-rank tests were performed 

for normal and non-normal data respectively to investigate possible changes from baseline to 6 

weeks in each of the listed outcome measures. Cohen’s d and Wilcoxon (r) effect sizes were also 

calculated. These analyses were performed on the entire participant group and then again for the 

participants with tetraplegia alone. The latter analyses were conducted as it is of interest to 

determine if individuals with upper limb impairments possess the absolute amount of strength 

that may be required to realize the benefits of HIIT. Further, to determine if the putative benefits 

of HIIT depend on baseline fitness or power, correlational analyses between baseline VO2peak and 

change scores for all outcome measures, as well as between baseline POpeak which was 
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represented by the level at which the participant reached their VO2peak during pre-testing, and 

changes scores for all outcome measures, were conducted by means of either Pearson’s r or 

Spearman’s rho correlations for normal and non-normal data respectively. All data is presented 

as means ± standard deviations. Statistical significance was set at p ≤ 0.05 for all tests. 
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Chapter 4. Results  

4.1 Adherence and adverse events 

 Following the recruitment of the initial nine participants, there were two dropouts leaving 

seven to complete the intervention. One participant dropped out following our initial testing 

protocol due to a pre-existing injury that required attention and the other dropped out after 1 

week of training due to illness unrelated to the exercise training. Of the remaining seven 

participants, the training sessions were completed with an adherence rate of 98% (123/126). One 

of these seven made it to the final week of training however they expressed that the protocol was 

simply too strenuous and was affecting her ability to independently care for herself. Missing the 

last three sessions in her final week explains the slight drop in adherence. Aside from the final 

drop-out, there were no adverse events experienced during the HIIT sessions. 

4.2 Cardiometabolic Adaptations to HIIT Training  

 Following 6 weeks of the “5 by 1” HIIT protocol, both relative and absolute VO2peak were 

significantly improved (p = 0.043 and p = 0.049 respectively) with a medium effect size as 

represented by Cohen’s d (0.51) for relative VO2peak. There was a trend (p=0.065) for a decrease 

in RHR, but further analysis showed a small effect size (d = 0.27). No other measure showed 

significant change with HIIT training nor was there any change in MetS status. According to a 

systematic review and meta-analysis in 2014, typical values for the lipid profile following SCI 

include the following; HDL-C = 41mg/dL (1.06mmol/L), LDL-C = 116mg/dL (3.01mmol/L), 

and TG = 134mg/dL (1.52mmol/L). The current group of participants presented with lower 

triglyceride levels at pre-testing (1.1mmol/L) but more similar values at post-testing 

(1.4mmol/L), lower HDL-C (0.9mmol/L) at pre and post, and lower LDL-C (2.4mmol/L) at pre 
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and post. In 2007, it was found that individuals with SCI had increased levels of CRP (4.0mg/L) 

compared to able bodied populations (1.4mg/L). According to these values, the current 

participant group was only moderately inflamed to begin with as compared to able-bodied 

populations given the CRP values of 2.0mg/L and 1.6mg/L at pre and post-testing respectively. 

Although there was no significant change in inflammation (TNF-α and CRP), the non-significant 

decrease in CRP was associated with a medium effect size (d = 0.38), and therefore, the lack of 

significance could have been due to a small sample size. Compared to previous work by Wang et 

al. (2005), our participant group had relatively high adiponectin levels for SCI (4.98ng/ml versus 

7.1ng/ml), however leptin was significantly higher in our group (13ng/ml versus 7ng/ml). In 

comparison to Bakkum et al. (2015), our participant groups showed similar BP values (112/74 

versus 112/69), slightly higher WC (105cm versus 91cm) and lower CRP values (2.0mg/L versus 

3.9mg/L). Our pre-testing VO2peak values are in line with the participant in Harnish et al., (2016) 

study (1.4 L/min versus 1.0 L/min) who saw significant benefit, however they were lower than 

those recorded in the 2018 paper by Woulda et al., which had an average pre-test VO2peak of 2.7 

L/min. Pre-post values, p-values and effect sizes for all participants are outlined for each 

outcome measure in Table 2.  
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Table 2: The effects of HIIT on aerobic capacity and metabolic outcomes 

 Pre (+/- SD) Post (+/- SD) P value Effect Size (d/r) 

VO2peak (L/min) 1.4 (0.8) 1.6 (0.7) 0.049 0.35 

VO2peak (ml/min/kg) 14.5 (6.1) 17.5 (5.7) 0.043 0.51 

DBP (mmHg) 74.0 (11.75) 73.7 (9.1) 0.433 0.03 

SBP (mmHg) 112.4 (21.4) 114.1 (18.9) 0.67 0.11 

RHR (beats/min) 70.6 (13.7)  66.9 (14.0) 0.065 0.27 

Waist Circumference (cm) 104.8 (17.7) 103.8 (18.8) 0.246 0.06 

HDL-C (mmol/L) 0.9 (0.3) 0.9 (0.3) 1.00 0.00 

LDL/VLDL-C (mmol/L) 2.4 (0.6) 2.4 (0.3) 0.408 0.11 

Triglycerides (mmol/L) 1.1 (0.5) 1.4 (0.9) 0.203 0.40 

Leptin (pg/mL) 13073.0 (7804.4) 12456.0 (7584.3) 0.341 0.08 

Adiponectin (μ/mL)  4.8 (2.0) 5.16 (2.0)  0.212 0.16 

HbA1c (%) 5.0 (0.3) 4.9 (0.6) 0.333 0.17 

TNF-α (pg/ml) 3.6 (0.6) 3.7 (0.6) 0.59 0.14 

CRP (mg/L) 2.0 (1.3) 1.6 (0.8) 0.241 0.38 

*Data for SBP, HDL-C, and TNF-α was not normally distributed therefore the presented p-

values and effect sizes for these outcome measures were obtained via Wolcoxon signed-rank 

tests.  

*Hight intensity interval training (HIIT), systolic and diastolic blood pressure (SBP/DBP), 

resting heart rate (RHR) 

*N=7 for all outcome measures except VO2peak (N=6) due to dropout after 5th week 
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As mentioned, it is possible that a certain amount of aerobic fitness or absolute strength 

may be required to effectively complete and benefit from HIIT workouts. On the other hand, it 

may be the case that those with less baseline ability stand to improve the most with HIIT. To 

shed light on this issue, further analyses were conducted. First, to determine if upper limb 

impairments preclude effective HIIT and the associated health benefits, a sub-group analyses 

was conducted focused on pre-post changes in all outcomes for those with tetraplegia only. Next, 

correlational analyses were performed to investigate possible relationships between baseline 

VO2peak as well as baseline POpeak and the changes in metabolic outcome measures. Table 3 

shows the sub-group analysis for participants with tetraplegia only. There were no changes in 

any variable following the 6-week HIIT protocol in this subgroup, although the non-significant 

increases in aerobic capacity were associated with medium effect sizes. Table 4 shows the 

correlations between baseline VO2peak as well as baseline POpeak and the changes in metabolic 

outcome measures. Of all the possible relationships examined, only that between baseline POpeak 

and the change in triglycerides was statistically significant (r=0.83, p=0.021). 

4.3 Physical Activity Enjoyment Scale (PACES) 

 PACES scores following the 6-week intervention ranged from 70-156 (119.7 ± 30.5). 

When asked about the idea of HIIT as opposed to MICT, 86% (6/7) of the participants preferred 

HIIT and expressed interest in continuing with this mode of exercise post-intervention. Previous 

research exploring the within session responses to HIIT, SIT and MICT support these findings as 

they found that despite the increased RPE, HIIT and SIT were the preferred methods of exercise 

in SCI populations (Astorino and Thum, 2016).  
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Table 3: Sub-group analysis: The effects of HITT on aerobic capacity and metabolic 

outcomes for participants with tetraplegia only.  

 

Pre (+/- SD) Post (+/- SD) p value 

Effect Size 

(d/r) 

VO2peak (L/min)  1.6 (0.8) 1.9 (0.6) 0.144 0.49 

VO2peak (ml/min/kg)  16.1 (6.9) 19.8 (5.8) 0.121 0.58 

DBP (mmHg) 78.4 (10.2) 77.6 (7.6) 0.350 0.09 

SBP (mmHg) 119.6 (20.8) 119.4 (20.3) 0.786 0.09 

RHR (beats/min)  77.4 (8.8) 73.2 (10.8) 0.116 0.46 

Waist Circumference (cm) 108.3 (18.7) 107.9 (20.3) 0.431 0.02 

HDL-C (mmol/L) 1.0 (0.3) 0.9 (0.4) 0.500 0.21 

LDL/VLDL-C (mmol/L) 2.5 (0.6) 2.3 (0.3) 0.254 0.35 

Triglycerides (mmol/L) 1.1 (0.5) 1.4 (1.1) 0.269 0.35 

Leptin (pg/mL) 12163.5 (8567.7) 10404.0 (6643.5) 0.182 0.23 

Adiponectin (μ/mL)  4.3 (2.1) 4.7 (2.1) 0.175 0.19 

HbA1c (%) 4.9 (0.3) 5.0 (0.7) 0.390 0.19 

TNF-α (pg/ml) 3.8 (0.7) 3.8 (0.5) 0.705 0.12 

CRP (mg/L) 1.7 (1.1) 1.6 (1.0) 0.458 0.06 

*Data for SBP, HDL-C, and TNF-α were not normally distributed therefore the presented p-

values and effect sizes for these outcome measures were obtained via Wolcoxon signed-rank 

tests  

*N=5 for all measures except VO2 (N=4) 
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Table 4: Correlations between baseline aerobic capacity (VO2peak) as well as baseline power 

output (POpeak) and change scores following the HIIT protocol  

 Baseline VO2peak vs  

Change Values 

r-value (p value) 

Baseline POpeak vs  

Change Values  

r-value (p value) 

VO2peak (L/min) -- -0.33 (0.470) 

VO2peak (ml/min/kg) -- -0.29 (0.528) 

DBP -0.34 (0.458) -0.36 (0.428) 

SBP 0.01 (0.983) 0.02 (0.968) 

RHR  -0.15 (0.747) -0.35 (0.442) 

Waist Circumference (cm) -0.16 (0.735) 0.04 (0.932) 

HDL-C (mmol/L) 0.07 (0.882) 0.07 (0.875) 

LDL/VLDL-C (mmol/L) -0.10 (0.824) -0.29 (0.528) 

Triglycerides (mmol/L) 0.74 (0.059) 0.83 (0.021)* 

Leptin (pg/mL) -0.42 (0.346) -0.39 (0.387) 

Adiponectin (μ/mL)  -0.44 (0.329) 0.47 (0.287) 

HbA1c (%) 0.45 (0.306) 0.64 (0.122) 

TNF-α  0.09 (0.849) 0.25 (0.598) 

CRP (mg/L) 0.23 (0.618) 0.22 (0.635) 

*Data for SBP, HDL-C, and TNF-α was not normally distributed therefore the presented r-values 

and p-values for these outcome measures were obtained via Spearman’s correlations (N=7).  
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Chapter 5. Discussion 

5.1 Major Findings 

The current study was the first to explore the effectiveness of HIIT in SCI populations as 

a means to reduce cardiometabolic risk. The main finding from this study was that six weeks of 

the “5 by 1" HIIT protocol yielded significant improvements in aerobic capacity (VO2peak). These 

data are consistent with those previously demonstrated in HIIT studies in the able-bodied 

(Phillips et al., 2017). Following the “5 by 1” protocol, Phillips et al. (2017) found a 10% 

increase in VO2max while the current study, using the same protocol, found a 17% increase in 

relative VO2peak. These findings support the idea that HIIT induces similar improvements in 

aerobic capacity for individuals with SCI as compared to abled-bodied. As for metabolic 

outcomes, no significant change to the lipid profiles (HDL-C, LDL-C, triglycerides), adipocytes 

(leptin, adiponectin), blood glucose (HbA1c), inflammatory status (TNF-α, CRP) or overall 

MetS status were recorded in the current study. Phillips et al. (2017) however, found that for 

able-bodied populations the “5 by 1” protocol was effective in yielding significant reductions in 

insulin resistance (-16%) and mean arterial pressure (-2.8%).  

These results lead to the suspicion that metabolic benefit induced by HIIT may be subject 

to a minimum threshold of aerobic capacity or strength (power output) that individuals with SCI 

may not possess. In order to investigate this issue, further analyses were completed. First, in 

addition to investigating the change scores for the entire participant group, a sub-group analysis 

was performed for those with tetraplegia only, and the in the latter analyses, previously noted 

increases in aerobic capacity were lost. This suggests that perhaps only those individuals with 

paraplegia, and able upper limbs, are capable of effectively conducting HIIT exercise, and those 

with upper limb impairments are not. Still, the sub-group analysis may simply have been 
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underpowered to detect changes in the group with tetraplegia (n=5). Accordingly, the medium 

effect sizes for changes in absolute and relative VO2peak in this sub-group suggest that perhaps 

significant differences would have been seen if more participants were included. Nonetheless, 

there is current data to suggest that HIIT may be more effective in those with paraplegia 

compared to tetraplegia, which is in agreement with previous work (Neefkes-Zonneveld et al., 

2015). In contrast to these findings, a recently published study by McLeod et al. (2019) set out to 

determine the effectiveness of sprint interval training in acute SCI. The results of this study 

suggest that para and tetra have similar responses to a 5 week, three times per week sprint 

interval training protocol.  

Likewise, in addition to sub-group analyses, correlational analyses were conducted to 

determine if the ability to effectively engage in HIIT, and thus realize the benefits of HIIT, are 

dependent on a certain amount of baseline aerobic fitness or power output. No significant 

correlations were found between baseline VO2peak scores and the change scores for the metabolic 

variables suggesting that, regardless of baseline aerobic fitness, the 6-week HIIT protocol was 

not associated with metabolic changes. Regarding possible correlations between baseline POpeak 

and change scores for metabolic variables, only the relationship between POpeak and triglycerides 

was significant. Oddly, the correlation was positive, suggesting that the higher the baseline 

POpeak, the higher triglyceride values became after 6 weeks of HIIT. However, this relationship 

should be taken lightly as it may have been primarily driven by one participant who had a 

particularly high baseline POpeak and increases in triglycerides after HIIT. The general lack of a 

relationship between POpeak and the change in metabolic variables suggests, again, that 

regardless of baseline power 6 weeks of HIIT was not associated with improved metabolic 
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health. However, given the small sample size, these correlations should be interpreted with 

caution and future research is warranted to provide conclusive evidence.  

The previously outlined article by Bakkum et al. (2015) demonstrated the effectiveness of 

a 16-week, moderate intensity continuous training intervention for those with SCI, reporting 

beneficial results in a variety of metabolic markers.  These changes included improvements in 

insulin resistance (-26%), waist circumference (-3.5%), diastolic blood pressure (-7.0%), 

inflammatory status (-16.1%, -26.1% and -31.2% for CRP, IL-6 and IL-6/IL-10 ratio, 

respectively), and visceral adiposity (-3.6% and -4.7% for trunk fat and android fat  respectively) 

(Bakkum et al., 2015). Taken together with the current study, results suggest that moderate 

intensity continuous training, with adequate volume and adherence is more effective than the 5 

by 1 HIIT protocol as a means to mitigate metabolic risk in individuals with SCI. However, 

differences in the duration of the respective training programs or the sample size tested (n=19 in 

Bakkum et al., 2015, versus n=6 in the present study), may have accounted for the differences in 

the effectiveness of the MICT and HIIT protocols, rather than the intensity per se. Interestingly, 

Bakkum and colleagues also conducted sub-group analyses and noted no difference in the 

benefits gained between participants with tetraplegia compared to paraplegia. As mentioned, 

injury level, initial fitness level, and initial power output may play a role in determining the 

effectiveness of a HIIT protocol in this population given the need for powerful, high intense 

frames of exercise. In the current study, the majority of our participants had tetraplegia, which 

may explain the lack of metabolic effect. Further exploration is warranted to investigate the 

possibility of there being a minimum level of ability (power output) that is required in order for 

HIIT to be effective at mitigating metabolic risk.  
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Moving forward, research exploring the effectiveness of longer protocols (Harnish et al., 

2016) is suggested as it would allow for more conclusive evidence for or against HIIT in an SCI 

population as a means of mitigating metabolic health. Currently, exercise-induced changes to the 

metabolic profile have been described as inconsistent or generally lacking in both able-bodied 

(Batacan et al., 2016) and SCI populations and therefore require attention. Due to the limited 

research on HIIT in SCI populations, we are left with very little evidence to consider.  Two 

previously outlines papers have presented interval training interventions that were successful in 

improving VO2 however it is still unknown whether or not HIIT is superior to MICT for 

inducing metabolic change (Harnish et al., 2016 & Mcleod et al., 2019). It can be speculated that 

the addition of significant changes in body fat seen in the Harnish et al. (2016) paper, as 

compared to the lack of change seen in the current study, may be due to the protocol itself as 

well as the duration. The protocol was significantly longer totaling 14 weeks and 36 sessions. A 

weekly variation in the HIIT protocol was also implemented consisting of a 3 × 5  min at ∼70% 

Peak Power (WPeak) with a 5 minute recovery (HIT5), a 4 × 2.5  min at ∼85% WPeak with a 5 

minute recovery (HIT2.5) and a 10 × 1  min at ∼110% WPeak with 2 minutes recovery (HIT1). The 

intensity, variation, and duration of the protocol most likely explain the effectiveness in reducing 

fat mass; changes that were absent in the current “5 by 1” protocol extending for 6 weeks and 18 

sessions.  

5.2 Clinical/Physiological Significance  

This study suggests that six weeks of three times weekly “5 by 1" HIIT is sufficient to 

improve the cardiorespiratory fitness of individuals with SCI. Evidence suggests that the 

heightened prevalence of MetS factors and cardiometabolic complications in the SCI population 

are caused by numerous factors but led by profound changes in body composition. Determining 
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effective methods to mitigate associated risks post-injury is an area of research that is of great 

importance for this population as cardiometabolic complications lead the way for morbidity and 

mortality following SCI. Pairing exercise such as HIIT with medications may allow for 

significant reductions in metabolic risk post-injury (Eriksson & Lindgarde., 1991; Pan et al., 

1997). According to previous research, individuals with SCI are significantly more susceptible to 

developing MetS (Gater et al., 2018) and more specifically, 50-75% of individuals with SCI have 

developed glucose intolerance and insulin resistance (Gorgey et al., 2014). Exercise has been 

shown to be a viable combatant, independently as well as when paired with medications, to these 

changes and with further research, HIIT may prove to be an effective alternative to the currently 

suggested MICT. 

5.3 Limitations  

 Several limitations should be considered when interpreting the results of the current 

study. First, the results were limited by the small number of participants. Working with a SCI 

population, it proved difficult to find participants for a study that required three times weekly 

exercise for six weeks at a high intensity. Second, we are limited by the lack of control group. 

Due to our inability to recruit a large number of participants, we chose to have our 7 participants 

in the HIIT group. Initially, the goal was to directly compare our HIIT protocol to a second 

group completing the current SCI exercise guidelines and explore the similarities and differences 

in metabolic effect. Additionally, it is important to note that the blood draws were not all done in 

a fasted state, or at the same time pre and post for each participant. Current research suggests that 

fasted versus non-fasted samples may not be significantly different when measuring cholesterol 

however for triglycerides, 200mg/dL has been suggested as a minimum threshold for 

determining cardiovascular risk when using non-fasted samples. Since the current study used 
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HbA1c for blood sugar, the results would be unaffected by fasting versus non-fasting. Further, 

the anti-inflammatory marker IL-10 was measured however due to technical problems no values 

were recorded. As suggested previously, our protocol length may be a key limiting factor for 

metabolic impact of this intervention. Further research is needed to confirm whether or not HIIT 

is a viable method of reducing cardiometabolic risk. The results presented in the current study 

should be interpreted with caution given the above limitations as well as the possibility of dietary 

changes or physical activity changes outside of the intervention despite being instructed to avoid 

such changes. Controlling for these factors in a future study would make for a more complete 

conclusion on the effectiveness of HIIT in SCI.   

Chapter 6. Conclusion and Future Directions  

6.1 Conclusion 

 The present study demonstrated that HIIT is an effective way to improve aerobic capacity 

in individuals with SCI. Due to the limited sample size of the intervention, our results should be 

interpreted with caution. Research has suggested that an increase in exercise intensity and longer 

protocols may prove to be more effective (O’Donovan et al., 2005) and required to induce 

significant metabolic change in SCI populations (Nightingale et al., 2017).  Further investigation 

of the effectiveness of HIIT in individuals with SCI through larger-scale studies is warranted 

given the heightened prevalence of metabolic complications among these individuals and the 

success of HIIT as a means of reducing risk in a number of other populations.  

6.2 Future Directions 

Future research is suggested to further investigate if metabolic health can be targeted with 

HIIT in SCI and whether or not the effectiveness of this type of training is based on injury level 
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(paraplegia or tetraplegia) or baseline fitness or power (VO2peak or POpeak). Additional research 

into the effects of HIIT on pro-inflammatory cytokines such as Il-10 is also warranted. It is 

important to note that the chosen HIIT protocol seemed to be more appropriate for some 

individuals than others given their level of strength and/or injury level. Some participants 

expressed more fatigue, both immediately following the session and more long-term, than others. 

With a population as diverse as SCI, the chosen HIIT protocol may have to be individualized for 

each person in order to ensure adequate metabolic stimuli while also ensuring appropriate 

recovery time. Additionally, research striving to develop a more specific risk analysis for CVD 

and MetS in a SCI population is needed. Applying able-bodied diagnosis criteria to such a 

complex physiological condition may not allow for accurate risk assessment, and therefore does 

not allow for accurate tracking of this risk with interventions (Yahiro et al. 2019). The results of 

the current study suggest that HIIT is a viable alternative to MICT for aerobic capacity, however 

further investigation is needed to support HIIT as a means to promote metabolic benefits as well.  
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Appendix A: Letter of Information and Consent Form  

High-intensity interval training versus moderate intensity continuous training as a means 

to improve cardiometabolic health after spinal cord injury  

You are being invited to voluntarily participate in a research study led by Dr. David Ditor from 

the Department of Kinesiology at Brock University. The study is described in this Invitation 

Letter which is yours to keep. This letter contains information to help you decide whether or not 

to participate in this research study. It is important for you to understand why the study is being 

conducted and what it will involve. Please take the time to read this carefully and feel free to ask 

questions if anything is unclear or there are words or phrases you do not understand. We will 

make a copy of this Letter of Invitation and Consent Form for you. Please keep them for your 

records.  

If you have any questions or concerns about this research, you may contact:  

Dr. David Ditor 

Mr. Mitchel Gibson Mr. Aaron Donst  

Brock University Brock University Brock University  

(905)688-5550 x 5338 (647)229-4149 (289)237-5478  

dditor@brocku.ca mg13im@brocku.ca ad13fo@brocku.ca  

This study has received ethical clearance by the Brock University Ethics Board (File No. 18-022 

- DITOR). If you would like more information regarding the ethical clearance of this study 

please contact the Brock University Research Ethics Office: 

reb@brocku.ca (905)688-5550, ext. 3035.  

PURPOSE OF THE STUDY  

The purpose of this study is to compare 8 weeks of 3x/week high intensity interval training 

(HIIT) to 8 weeks of 3x/week moderate intensity continuous exercise training (MICT) as a 

means to improve cardiovascular and metabolic health after SCI.  

INCLUSION/ EXCLUSION CRITERIA  

You may be included in this study if you have a confirmed spinal cord injury (SCI) (paraplegia 

or tetraplegia; complete or incomplete) that was diagnosed at least one year ago. To be eligible, 

you must also be at least 18 years of age, be English speaking, and be medically stable.  

STUDY PROCEDURES  
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If you choose to participate in this study, you will be required to take part in testing sessions and 

8 weeks of 3x/week exercise training sessions. The testing sessions will be conducted over 2 

days at baseline, and after 4 weeks and 8 weeks of exercise  

training (6 days of testing in total). For each 2-day testing period, one day will be at Power Cord 

and the other day will be on main campus at Brock University (Welsh Hall). Both locations are 

wheelchair accessible and you may bring a family member or caregiver to your testing sessions 

if you wish (to help with transfers, using the bathroom, etc.). The 8 weeks of exercise training 

will be conducted at Power Cord and you will be using the NuStep machine. If you are currently 

exercising at Power Cord, you are still welcome to use the facility in addition to your time 

enrolled in this study. However, we ask that your only aerobic exercise training is that which you 

do as a part of this study. In addition, if you also perform regular resistance training at Power 

Cord, we ask that you keep the same routine (no harder and no easier) during your time in this 

study. When possible, we will try to schedule your exercise sessions on non- consecutive days 

(Monday, Wednesday, Friday, OR Tuesday, Thursday, Saturday).  

Testing sessions:  

Prior to testing, we will ask you abstain from alcohol, caffeine and vigorous exercise for 24 

hours prior. We also ask that you empty your bladder immediately prior to the testing session. 

Wheelchair accessible washrooms are available at each testing site.  

Day 1 (Brock University, Main Campus, Welsh Hall, Room 22):  

We will be conducting 3 separate tests this day, and all together, this should take approximately 

90 minutes. When you arrive, we will review the tests again and answer any of your questions. 

You will then transfer onto the examination table and lie down for the duration of the testing. 

You may do this independently, if you are able, or with the help of the student investigators 

(Aaron Donst and Mitch Gibson), or your caregiver or family member (if they came with you). If 

you prefer a female student for any testing procedure, we will provide one. The 3 tests are:  

• -  Pulse wave velocity (a measure of the elasticity of your blood vessels)  

• -  Waist circumference  

• -  Blood sample  

Pulse wave velocity will be measured with ultrasound. The student investigator will gently hold 

the ultrasound tool against the skin at the front of your neck while they take several pictures of 2 

of the main blood vessels that lead to the brain (1 on the front region of your neck, and 1 slightly 

closer to the jaw line). This technique is similar to what is used in hospitals to investigate the 

heart and blood vessels or to look at a baby during pregnancy. Ultrasound monitoring requires 

the use of water-soluble, hypoallergenic gel between the probe and the surface of the skin. Pulse 

wave velocity will be measured using a small pressure pen held against the skin at several 

locations including the wrist, neck (1 near the middle of the neck and 1 closer towards your 

jawline), and groin. In addition, a small toe-clip will be placed on your left second toe.  
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Next, we will measure your waist circumference with a tape measure. Your shirt will be lifted 

just past the belly button, and a non-elastic tape measure will be placed around your waist at the 

level of the lowest rib. The placement of the tape measure will be performed by the student 

investigators (Mitchel Gibson and Aaron Donst). If you are accompanied by a caregiver or 

family member, that individual can assist with passing the tape measure underneath the back if 

requested.  

Last, we will be taking a blood sample from your non-dominant arm (inside of your elbow). This 

will be performed by a nurse who will first clean your skin with an alcohol swab, and then insert 

the needle and draw the blood into vacutainer tubes. Once the blood has been taken, the nurse 

will apply a cotton ball with mild pressure to the puncture site for 1 minute, and then apply a 

band-aid on top of the cotton ball. We will be taking a 20mL blood sample. Which is not a large 

amount, and should not affect your day. You may feel a bit lightheaded afterwards, and if so, we 

can provide you with a light snack (apple juice and/or granola bar).  

Day 2 (Power Cord):  

We will be conducting 1 test this day, and this should take approximately 60 minutes. When you 

arrive at power Cord we will review the test again and answer any of your questions. You will 

then transfer onto the NuStep exercise machine. You may do this independently, if you are able, 

or with the help of the student investigators (Aaron Donst and Mitch Gibson), or your caregiver 

or family member (if they came with you). If you prefer a female student for any part of this 

testing, we will provide one.  

Once on the NuStep, you will do a very light (0 resistance) warm-up for 5 minutes. After that, a 

sterile mouthpiece and mask will be put onto your face, and you will breathe into this mask 

during the exercise test. The Student Investigator will place the mouthpiece and mask onto your 

face and tighten the straps on the mask to ensure a seal. After ensuring that your oxygen/carbon 

dioxide levels are being read, the exercise test will begin.  

For the exercise test itself, you will begin exercising at zero resistance, and then the resistance 

will be increased by one unit on the NuStep machine every 2 minutes until you fatigue (ie, until 

you now longer wish to continue, or until you can no longer maintain a cadence of 80 rpm for 3 

seconds). The amount of time it takes to reach fatigue differs between people, but typically, it 

takes people about 15-20 minutes of exercise to reach fatigue. Your oxygen consumption and 

power output will be measured throughout the test and the oxygen consumption during the final 

30 seconds of the test will be recorded as your maximum aerobic capacity. Your power output at 

this time point will also be recorded. A spotter will be present during the entirety of the test, in 

the case that you feel dizzy during or after the test. Following the conclusion of this testing, the 

mouthpiece and mask will be removed, and you will transfer off the NuStep, either 

independently (if capable), or with the help of the Student Investigator, a caregiver or family 

member. This session will take approximately 60 minutes to complete (including set-up, warm-

up and actual exercise).  
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Exercise preference  

After your training program has ended (see below), we will ask you how much you enjoyed the 

experience, with the use of the Physical Activity Enjoyment Scale (PACES). This will help us to 

determine if HIIT or MICT is more enjoyable. The PACES is a 18- item questionnaire, and you 

will complete it only on the very last testing session in a private room in Power Cord. It should 

take no longer than 10 minutes to complete this questionnaire.  

Exercise Training Sessions  

After your baseline testing sessions, you will be assigned to one of two groups. Both groups will 

report to Power Cord 3 times/week for 8 weeks, and both groups will be exercising on the 

NuStep machine during those times. However, one group will be performing moderate intensity 

continuous exercise training (MICT), and the other will be performing high intensity interval 

exercise training (HIIT). If you currently exercise with weights at Power Cord, you may still 

continue to do so, but we ask that you keep your weight workouts consistent during this 8-week 

study (the same weight and number of sets and reps for each exercise). If possible, we suggest 

that you attend Power Cord on a Monday, Wednesday, Friday, OR Tuesday, Thursday, Saturday 

schedule. If you miss an exercise session, we will try to reschedule it for the same week 

(maintaining the 3 times/week schedule) or if that’s not possible, in a subsequent week (with a 

maximum of 4 sessions in any one week). You must complete at least 75% of your sessions to be 

included in the 4-week and 8-week testing sessions (ie, 9/12 sessions completed within the first 4 

weeks and 18/24 sessions completed within the 8-week study).  

Moderate Intensity Continuous Exercise Training (MICT) 

Upon arrival, you will transfer onto the NuStep machine. As before, you may transfer 

independently (if capable), or with the help of the Student Investigators, a caregiver or family 

member. You will then complete a very mild 5-minute warm-up on the NuStep, followed by a 

30-minute session of moderate intensity exercise. For the moderate intensity exercise, the 

NuStep will be set at a resistance such that you feel you are exercising “somewhat hard”. One of 

the student investigators will you how hard you are working every minute, by referring to the 

Borg scale of perceived exertion (see below), and if necessary, the resistance on the NuStep will 

be adjusted to maintain your “somewhat hard” level of effort (13 out of 20 on the Borg scale). 

When you are done your 30-minute session, you will do a 3-minute cool down at a very mild 

intensity before transferring off the NuStep.  

High Intensity Interval Training (HIIT) 

Upon arrival, you will transfer onto the NuStep machine. As before, you may transfer 

independently (if capable), or with the help of the Student Investigators, a caregiver or family 

member. You will then complete a very mild 5-minute warm-up on the NuStep, followed by 5 

one-minute bouts of high intensity exercise, with 90 seconds between each bout. The high-

intensity exercise will be performed at an intensity of 17 on the Borg scale (very hard), and the 

90 second active rest intervals will be performed at an intensity of 7-9 on the Borg scale (very, 

very light – very light). One of the student investigators will you how hard you worked after each 

bout of high intensity exercise, by referring to the Borg scale, and if necessary, the resistance on 

the NuStep will be adjusted for the next bout to maintain your “very hard” level of effort (17 out 
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of 20 on the Borg scale). When you are done your exercise session, you will do a 3-minute cool 

down at a very mild intensity before transferring off the NuStep.  

Borg Scale of Perceived Exertion  

7 Very, very light  

8 

9 Very light 

10  

11 Fairly light 

12 

13 Somewhat hard 

14  

15 Hard  

16 

17 Very hard 

18 

19 Very, very hard 

20  

POTENTIAL RISKS AND DISCOMFORTS  

The most serious risk associated with this study, and with exercise in general, is the risk of death 

due to heart attack or some other cardiovascular cause. It is important to remember that exercise 

only results in these problems in people with pre-existing heart disease. This is why we will not 

include anyone in the study with established cardiovascular disease. This is also why we will be 

closely monitoring your exercise session. Specifically, each exercise session will be closely 

monitored by the Student Investigators, and these students are certified in CPR and first aid. 

Additionally, an automated electrical defibrillator (AED) is immediately available and is located 

in the main gym connected to Power Cord. Finally, at least one of the two full-time Coordinators 

for the Brock-Niagara Centre for Health and Well-being (Scott Stevens and Sarah Radcliffe) will 

be present in the building for all testing and training sessions. There is the risk that you may 

experience the normal muscle soreness that occurs in the hours and days that follow exercise. 

This soreness is no cause for concern. Regarding the blood draws, as with any procedure in 

which the skin is broken there is the slight risk of infection or bruising. There is also a small risk 

for damaged blood vessels and to the surrounding nerve. However, blood draws are a very 

standard procedure and they will be performed by an experienced, fully qualified nurse, and as 

such these risks are extremely small.  

POTENTIAL BENEFITS TO PARTICIPANTS AND/OR TO SOCIETY  

The possible benefits from participating in this study, regardless of the group you are assigned 

to, include improvements in your cardiovascular and metabolic health. For example, you may 

experience improvements in aerobic fitness, the elasticity of your blood vessels, your cholesterol 
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and blood sugar levels, your waist circumference and your level of chronic inflammation. It is 

important to note that everyone responds differently to exercise and that you may or may not 

experience these health benefits. This study may also help to contribute to the field of exercise 

rehab after SCI, by shedding light on the optimal form of exercise for cardiovascular and 

metabolic health.  

COMPENSATION FOR PARTICIPATION  

You will be given $50.00 (CAD) once you have completed all aspects of the study. Participants 

who complete up to and including the 4-week testing session, and then subsequently drop out for 

whatever reason, will receive a pro-rated $25.00 (CAD) in compensation.  

ACCESSING STUDY FINDINGS  

CONFIDENTIALITY  

At the completion of the study, you will have access to the findings. You will be invited to an 

education session that discusses the overall study findings. If you choose, you can have your 

personal results discussed with you upon completion of the study. This can be done by 

contacting the student investigators (Mitchel Gibson and Aaron Donst), whose contact 

information is given on the first page.  

Any information that is obtained in connection with this study and that can be identified with 

you will remain confidential and will be disclosed only with your permission. All information 

will be confidential and will be kept in a locked filing cabinet in Dr. Ditor’s research office for 5 

years. Access to this information will be granted only to the researchers. Your identity will never 

be revealed in any reports regarding this study. After 5 years, paper documents will be 

destroyed. The results of this study will appear in Scientific journals and be presented in 

scientific conferences, but your name will never be mentioned.  

 
Please note that several Graduate students use the room that you will be exercising in. Therefore, 

some of these students may see you exercise, however, all efforts will be made to keep your 

testing sessions private and confidential.  

PARTICIPATION AND WITHDRAWAL  

You can choose whether to be in this study or not. You indicate your voluntary agreement to 

participate by signing the consent form that is part of this letter. If you volunteer to be in this 

study, you may withdraw at any time without consequences of any kind, and your relationship 

with any of the researchers in the study will not be  

harmed nor will your opportunity to exercise in Power Cord be jeopardized. You may exercise 

the option of removing your data from the study. You may also refuse to answer any questions 

you feel uncomfortable answering and still remain in the study. The investigator may withdraw 

you from this research if circumstances arise which warrant doing so (e.g., if there are any safety 
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concerns). Any data collected prior to withdrawal will be not be used for analysis purposes 

unless you wish it to be analyzed. If you do feel the need to withdraw from the study for any 

reason, please contact the student investigators (Mitchel Gibson or Aaron Donst) whose contact 

information is located on the first page of this document. The data will be destroyed five years 

after the completion of the study.  

PERMISSION TO ACCESS POWER CORD FILES  

We would also like to access your personal information from the Power Cord files in order to 

record demographic information. This information will be used to describe the sample group for 

this study.  

CONSENT STATEMENT  

I have read the “LETTER OF INVITATION”, have had the nature of the study explained to me 

and I agree to participate. All questions have been answered to my satisfaction.  
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Appendix B: PACES Questionnaire  
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Appendix C: AIS Scale 
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Appendix D: Raw Data 

VO2 (rel) Pre Post  VO2 (abs) Pre Post  WC Pre Post 

1 24.91 24.29  1 2830.3 2759.7  1 117.1 118.5 

3 12.46 12.94  3 1169 1211.7  3 108 102.2 

5 11.26 11.3  5 1581.7 1583.3  5 136.8 138.9 

6 8.38 12.89  6 544.7 838  6 84.5 84.5 

7 8.12  
 7 682  

 7 94.25 96.2 

8 17.51 20.77  8 1271 1520.3  8 92.1 92.3 

9 18.51 22.71  9 1678.7 1928  9 101.1 93.8 

avg 14.45 17.483  avg 1393.9 1640.1  avg 104.83 103.77 

SD 6.1415 5.7345  SD 760.83 660.43  SD 17.719 18.766 

           

 p-value 0.0428   p-value 0.0495   p-value 0.2463 

           

HDL 
Pre Post 

 LDL/VLDL Pre Post  

Triglycerid
es Pre Post 

1 27.34 27.57  1 112.78 100.23  1 1.09 3.1 

3 18.69 25.9  3 100.34 93.76  3 0.83 0.9 

5 27.14 26.9  5 115.73 80.11  5 1.78 1.78 

6 36.9 46.26  6 69.34 94.9  6 1.14 1.5 

7 47.87 58.71  7 108.92 107.35  7 1.57 1.03 

8 36.77 27.07  8 85.68 85.51  8 0.66 0.8 

9 45.22 29.08  9 61.72 79.74  9 0.57 0.45 

avg 34.275 34.498  avg 93.501 91.657  avg 1.0914 1.3657 

SD 10.485 12.837  SD 21.622 10.391  SD 0.4531 0.8837 

           

 p-value 0.4776   p-value 0.4081   p-value 0.2034 

           

Leptin pre post  

Adiponec
tin pre post  HbA1c Pre post 

1 6775.4 6883.1  1 4.99 4.03  1 5.24 5.76 

3 9993.2 10696  3 6.75 5.7  3 5.08 4.93 

5 16830. 17775  5 3.3 4.34  5 5.18 5.56 

6 20702. 24474  6 5.71 6.93  6 5.06 4.32 

7 9387.5 9528.5  7 1.38 1.74  7 4.99 4.83 

8 24612. 16148.  8 4.71 5.98  8 4.47 4.67 

9 3211.9 1683.9  9 7.05 7.39  9 4.78 4.15 

avg 13073. 12455.  avg 4.8414 5.1585  avg 4.9714 4.8885 

SD 7804.4 7584.3  SD 1.9862 1.9457  SD 0.2657 0.5960 

           

 p-value 0.3413   p-value 0.2121   p-value 0.3329 
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TNF-α  pre post  CRP pre post  IL-10 pre post 

1 3.17 3.77  1 2188.3 1890.9  1   

3 3.47 3.77  3 4195.5 1258.7  3   

5 4.37 4.37  5 2074.1 2885.5  5   

6 3.17 2.88  6 1272.5 1592.6  6   

7 4.67 4.37  7 2946.9 1144.1  7   

8 3.47 3.17  8 811.09 1985.1  8   

9 3.17 3.47  9 384.94 205.31  9   

avg 3.6414 3.6857  avg 1981.9 1566.0  avg   

SD 0.6210 0.5645  SD 1310.6 831.35  SD   

           

 p-value 0.3788   p-value 0.2408   p-value  

           

DBP pre post  SBP pre post  RHR pre post 

1 80 76  1 137 136  1 72 59 

3 69 66  3 102 102  3 54 53 

5 92 88  5 145 146  5 86 79 

6 57 62  6 87 100  6 53 49 

7 66 67  7 95 110  7 80 74 

8 71 77  8 108 101  8 65 67 

9 83 80  9 113 104  9 84 87 

avg 74 73.714  avg 112.42 114.14  avg 70.571 66.857 

SD 11.747 9.1417  SD 21.384 18.854  SD 13.685 14.005 

           

 p-value 0.4332   p-value 0.3193   p-value 0.0646 

           

           

PACES           
Participan
t # Score          

1 115          

3 126          

5 115          

6 100          

7 70          

8 156          

9 156          

           

avg 119.71          

SD 30.488          
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