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Abstract: 
 

 Inflammation has been shown to negatively influence bowel function, body 

composition, neuropathic pain, and depression within the spinal cord injury (SCI) and multiple 

sclerosis (MS) populations. Four individuals with varying levels of SCI’s (C5-T1/AIS A-D/3 male 1 

female) and two individuals with varying diagnoses of MS (SPMS & RRMS, female) were 

recruited for the study. Bowel function was assessed via The Bowel Management subset of the 

Spinal Cord Injury Quality of Life (SCI-QOL) and Neurological Bowel Dysfunction (NBD)  

questionnaires, body composition was assessed via dual-energy X-ray absorptiometry (DXA) 

scans, neuropathic pain was assessed via the neuropathic pain questionnaire, and depression 

was measured via the Center for Epidemiologic Studies Depression Scale (CES-D) questionnaire. 

This study investigated the effects of 6-weeks of the Mad Dog diet, which aimed to reduce 

inflammation, and improve the aforementioned ailments. The 6-week Mad Dog diet was 

associated with a significant reduction in total body mass (p=0.006), lean mass (p=0.046) and 

fat mass (p=0.038). Despite the significant reduction in fat mass, there were no significant 

changes in subcutaneous fat mass (p=0.091), or visceral mass (p=0.33), which suggests that the 

study was underpowered and could not distinguish the relative contribution of either fat source 

to the losses in total fat mass. Likewise, there were no significant changes in bowel function as 

determined by SCI-QOL scores (p=0.33), or NBD scores (p=0.29), and no significant changes in 

any domain of neuropathic pain (sensory, p=0.55; affective, p=0.15; sensitivity, p=0.12), or 

depression (CES-D scores, p=0.34). These findings demonstrate that 6 weeks of the Mad Dog 

diet may be beneficial for body composition in the SCI and MS populations. Findings from this 



 

 
 

research provide the basis for a larger study that can more fully assess the outcomes from this 

study along with changes in biological measures of inflammation.   
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Chapter 1 – Introduction 

1.1 Background 

SCI’s are a traumatic event that result in permanent changes to neuromuscular and 

sensory function below the site of injury. Cases are prevalent across the world, with an average 

of 10.5 cases per 100,000 individuals (8.6 – 12.84) (Kumar et al., 2018). SCI’s are caused by a 

variety of factors, ranging from traumatic events such as car accidents and gunshot wounds, to 

non-traumatic causations such as tumours and genetic disorders (New & Marshall, 2014; New 

et al., 2002). Diagnosis are based on the degree of injury and the location along the spinal 

column. These variables dictate the amount of preserved motor and sensory function and 

where these impairments occur (Maynard et al., 1997). SCI’s are characterized by chronically 

increased levels of inflammatory cytokines when compared to the able-bodied population, with 

more severe injuries correlating with higher degrees of inflammation (Frost et al., 2005; Davies 

et al., 2007). 

 MS is an inflammatory-based disease that negatively impacts communication between 

the central nervous system (CNS) and subsequent targeted organs and muscles (Longo et al., 

2018). Prevalence is widespread across the world, with an estimated 124 in every 100,000 

individuals throughout Europe and North America being diagnosed with the disease (Browne et 

al., 2014). While the etiology of MS is unclear, there is evidence that geographic location, life 

habits, and genetics may each be contributing factors (O’Gorman et al., 2012). There are four 

different types of MS, Relapsing-remitting MS (RRMS), Secondary-progressive MS (SPMS), 

Primary-progressive MS (PPMS), and Progressive-relapsing MS (PRMS). Each is characterized by 
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its own patterns of relapses (an increase in severity of symptoms) and remissions (a reduction 

of present symptoms) (Akselrod-Ballin et al., 2009).  

SCI and MS are accompanied by multiple secondary health complications as a result of 

the weakened/negated communication between the CNS and targeted limbs and organs, and 

chronically elevated levels of inflammation. Bowel function is negatively impaired by SCI and 

MS, as demonstrated through the heightened cases of incontinence and constipation in the SCI 

and MS populations in comparison to the able-bodied population (Bisanz, 2007; De Looze et al., 

1998; Norton & Chelvanayagam, 2010). This is a result of the weakened communication 

between the CNS and several sphincter muscles, as well as the influence of inflammatory 

mechanisms There are increased levels of pro-inflammatory cytokines within the bowel 

following a SCI or MS, which can lead to the development of secondary ailments that further 

build on levels of chronic inflammation (Bethea et al., 1998; Devier et al., 2015; Wullaert et al., 

2011; Han et al., 2009). 

An increase in body fat is also associated with SCI and MS. This is demonstrated through 

an increase in fat mass 1-year post-SCI as well as an increase in the visceral to subcutaneous fat 

mass ratio (Gorgey et al., 2014). Both of these populations also have more prevalent rates of 

overweight and obese individuals in comparison to the able-bodied population (Gorgey et al., 

2014; Marck et al., 2016). This is a result of the more sedentary lifestyle accompanied by these 

ailments as well as another reciprocal relationship. Inflammation tends to increase the 

accumulation of adipose tissue, and in turn, adipose tissue acts as an endocrine organ and 

further increases inflammation levels (Karastergiou and Mohamed-Ali, 2010).  
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Neuropathic pain is a chronic pain condition that is caused through the lesion of afferent 

pain pathways such as the spinothalamic tract. This can develop because of an injury or disease 

affecting the somatosensory nervous system (Baron et al., 2010). Symptoms of neuropathic 

pain are described as a burning, stabbing, and/or electric-like pain throughout the body. Once 

again this is a notoriously prevalent issue in the SCI and MS populations in comparison to the 

general population (Murphy et al., 2017). Chronic inflammation is largely responsible for the 

increase of symptoms through sensitizing nociceptors, increasing hyper-excitability in targeted 

neurons, resulting in chronic pain (Hulsebosh et al., 2009).  

Depression is a mental disorder characterized by persistent sadness and a reduction of 

enjoyment in previously enjoyable tasks (World Health Organization, 2021). Depression is 

observably more prevalent in SCI and MS populations in comparison to the general population, 

(Williams & Murray, 2015; Patten et al., 2017). There is an observable relationship between 

inflammation and depression through the specific metabolic pathways. Specifically, certain 

inflammatory mediators are capable of influencing enzyme kinetics and altering concentrations 

of key neuroactive compounds that regulate mood. In turn, it has been shown that depression 

results in the activation of an inflammatory response, furthering the accumulation of circulating 

inflammatory cytokines, and another vicious cycle is formed (Allison & Ditor, 2015; Maes et al., 

1992).  

Current treatment strategies for these secondary health complications, most commonly 

utilize pharmaceuticals. Such strategies are limited by issues associated with cost, accessibility, 

and general effectiveness. While there is evidence to suggest the benefits, findings can be 

inconclusive, long-term adherence can be unrealistic, and they are commonly associated with 
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negative side effects (Menter et al., 1997; Chen et al., 2006; Goldenberg, 2012; Hatch et al., 

2018; Murphy et al., 2017; Feinstein, 2011; Brakel & Hook, 2019). Non-pharmaceutical 

interventions, such as exercise prescription, transcranial stimulation, and dietary interventions, 

are available as well but are similarly met with limitations such as total expenses, lack of 

accessibility, indefinite results, and severe side effects (Ginis et al., 2012; Wens et al., 2015; 

Hatch et al., 2018; Murphy et al., 2017). In addition, these interventions target the symptoms 

previously outlined, but they do not target the underlying cause of these issues within these 

populations; namely, inflammation.  

1.2 Research Gap  

To date, current interventions for the aforementioned ailments have ranging success, are 

not realistic for long-term adherence, and are not readily accessible for the general population. 

Furthermore, there is a lack of research investigating a feasible, long-term intervention that can 

be utilized by both the SCI and MS populations. Research has demonstrated that dietary 

interventions have positive effects on the aforementioned ailments (Riccio, 2011; Gater, 2007; 

Cameron et al., 1996; Calais-Courtis & Melanson, 2002; Allison & Ditor, 2015; Allison et al., 

2016). While these results were promising, there is a gap in the literature investigating a 

feasible and sustainable diet that directly targets inflammation, as it has been demonstrated 

that long-term adherence to such rigorous diets are difficult to maintain (Allison et al., 2016). 

This is because limitations such as motivation, social events, and total cost, inhibit the ability for 

individuals to adhere long-term to dietary recommendations. In addition, although such anti-

inflammatory diets have shown benefit for depression and neuropathic pain, research has yet 

to investigate the effects on other problematic health complications such as bowel function and 
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obesity. Such research is highly warranted. Therefore, the current study aims to investigate the 

effects of a modified anti-inflammatory diet (the Mad Dog Diet) that was designed to be more 

affordable, sustainable and practicale than the anti-inflammatory diet previously investigated in 

our lab on bowel function, body composition, neuropathic pain and depression.  

1.3 Purpose  

The purpose of the current study is to determine the effects of 6 weeks of the Mad Dog 

anti-inflammatory diet on bowel function, body composition, neuropathic pain and depression 

in individuals with chronic (greater than one year) SCI and MS.  

1.4 Research Questions  

1. Will 6 weeks of the Mad Dog anti-inflammatory diet improve self-reported bowel 

function? 

2. Will 6 weeks of the Mad Dog anti-inflammatory diet improve body composition via 

reductions in subcutaneous and visceral fat mass, while maintaining lean mass? 

3. Will 6 weeks of the Mad Dog anti-inflammatory diet reduce self-reported neuropathic 

pain? 

4. Will 6 weeks of the Mad Dog anti-inflammatory diet reduce self-reported depression? 

Hypotheses 

1. To address research question 1, we hypothesize that there will be an improvement in 

self-reported bowel function. 

2. To address research question 2, we hypothesize that there will be a decrease in overall, 

subcutaneous and visceral fat mass, with a maintenance of lean mass. 
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3. To address research question 3, we hypothesize that there will be a reduction in self-

reported neuropathic pain. 

4. To address research question 4, we hypothesize that there will be a reduction in self-

reported depression.  
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Chapter 2 – Literature Review  

2.1 Background and Epidemiology of SCI  

2.1.1 Epidemiology and Demographics   

A SCI is a traumatic event that results in permanent changes to neuromuscular and 

sensory function below the site of injury. The annual incidence of SCI worldwide has been 

estimated at 768,473 new injuries per year, with approximately 18,220 of those occurring in 

North America (Kumar et al., 2018). Within Canada there is approximately 86,000 people living 

with SCI, with the most prominent age range being 60-64; constituting approximately 8,900 

cases. Furthermore, approximately 49% (41,500) of total cases in Canada are caused non-

traumatic events, while the remaining 51% (44,000) is caused by traumatic events (Noon et al., 

2012). There are approximately 33,000 people living with SCI in Ontario (Spinal Cord Injury 

Ontario).  

2.1.2 Etiology  

There are two classifications of SCI based on etiology: a non-traumatic spinal cord injury 

(ntSCI) and a traumatic spinal cord injury (tSCI). ntSCI are characterized by the onset of a lesion 

to the spinal cord that did not occur as a result of an accident, such as those due to a congenital 

disorder, genetic disorders, and acquired abnormalities, while a tSCI is characterized by an 

acute injury that results in a lesion (New & Marshall, 2014). Tumors cause approximately 20.1% 

of ntSCI, while less common causes include degeneration (spontaneous disk prolapse that was 

not associated with trauma) and vascular issues (including but not limited to ischemia 

complicating aortic aneurysms and anterior spinal artery thrombosis) (New et al., 2002). As 
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mentioned, tSCI result from an accident or acute event. In the United States approximately 

31.5% of all tSCI occur from automobile accidents, 25.3% from falls, 10.4% from gunshot 

wounds, and 6.8% from motorcycle accidents. Automobile accidents are the predominant cause 

of tSCI until the age of 45, after which falls become the leading cause of SCI (Chen et al., 2013). 

2.1.3 Classification  

SCI can also be categorized based on severity and location. A complete SCI is clinically 

defined as the absence of motor and sensory function at some point below the site of injury 

and extending down to the S4-S5 segments (the anus), while an incomplete injury is clinically 

defined as some amount of preserved motor and/or sensory function below the injury site, and 

extending down to the S4-S5. An injury that occurs in the cervical spinal cord is classified as 

tetraplegia and results in impairment of the arms, trunk, legs, and pelvic organs. An injury that 

occurs to the thoracic and/or lumbar spinal cord is classified as paraplegia and results in 

impairment of the pelvic organs, legs, and varying degrees of the trunk depending on the exact 

level of injury (Maynard et al., 1997). More precise classifications of injury level and severity are 

clinically determined with the neurological exam developed by the American Spinal Injury 

Association (ASIA) (Figure 1). The ASIA Impairment Scale (AIS) Score is a commonly used 

supplementary test that is used to further classify the amount of preserved sensory and motor 

function below the site of injury. This scale consists of five classification levels, ranging from 

complete loss of neural function to completely normal function, in the affected area (Figure 2). 
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2.2 Background and Epidemiology of MS  

2.2.1 Epidemiology and Demographics  

MS negatively impacts one's physical and mental function through the weakened 

communication between the CNS and target organs, with the severity of impairment being 

dependent on the current severity of the disease (Longo et al., 2018). MS is particularly 

prevalent in North America, with an estimated 140 in every 100,000 individuals having been 

diagnosed with the disease, compared to 108 in every 100,000 in Europe, and 2.1 in every 

100,000 in Sub-Saharan Africa (Browne et al., 2014). MS is extremely prevalent within Canada, 

with an estimated 290 cases per 100,000 individuals. MS is more common within the female 

population, with an average of 2.6 female cases being reported for every male case. Moreover, 

the average age of diagnosis is 37 (Gilmour et al., 20180). Specifically, within Ontario, 

prevalence of MS is estimated to be 25,000 (Multiple Sclerosis Canada; Widdifield et al., 2015).  

2.2.2 Etiology 

The exact cause of MS is unclear, but it is strongly believed that environmental and/or 

genetics are major factors in the development of the disease. For example, areas with higher 

latitudes, such as Scandinavian countries have higher rates of MS (Simpson et al., 2011). It is 

hypothesized that this may be due to a lower endogenous production of vitamin D in the skin 

due to the distance from the sun for more than 6 months of the year. Low vitamin D intake 

and/or serum vitamin D status, measured as serum 25-hydroxvitamin D3, has been associated 

with an increased risk of developing MS (Munger et al., 2006). There is also evidence that 

smoking is related to the development of MS. From the 1960s, the ratio of female to male 
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smokers has increased and this coincides with the increase of the ratio of female to male MS 

cases. Furthermore, in the United States, >50% of individuals with MS are smokers or ex-

smokers. Individuals with MS who do smoke, reportedly smoke more frequently than the 

general population (O’Gorman et al., 2012). There are genetic predispositions in the human 

body that may make individuals more susceptible to MS. Polymorphisms in genes that encode 

key enzymes in vitamin D metabolism, such as vitamin D receptors and 1-alpha-hydroxylase 

have been shown to increase the risk of MS as they hamper an individual’s ability to break 

down vitamin D (O’Gorman et al., 2012). There is evidence supporting that vitamin D down-

regulates pro-inflammatory cytokine production through microglia cells (Kočovská et al., 2017). 

It is suggested that a decrease in serum, 25-hydroxyvitamin D levels increases levels of pro-

inflammatory cytokines Il-2, IFN-y, and TNF-α (Munger et al., 2006; Kočovská et al., 2017), 

resulting in chronic demyelination, inflammation, and glial reaction to the white and grey 

matter within the CNS (Long et al., 2018). 

2.2.3 Classification 

There are four different types of MS, Relapsing-remitting MS (RRMS), Secondary-

progressive MS (SPMS), Primary-progressive MS (PPMS), and Progressive-relapsing MS (PRMS). 

RRMS is the most common form of MS and is characterized by random episodes where new or 

existing symptoms occur or increase in severity (relapse) followed by a time where little to no 

symptoms are evident (remission) (Appendix A). Approximately 50% of individuals with RRMS 

develop SPMS, characterized by a decrease in distinct relapses and remissions as the disease 

begins to progress steadily, sometimes with plateaus. About half of individuals with SPMS begin 

to worsen within 10-20 years of diagnosis, often with increasing levels of disability (Appendix 
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A). PPMS is characterized by a slow accumulation of disability, without defined relapses 

(Appendix A). It may stabilize for periods of time, and even offer minor temporary 

improvement but overall, there are no periods of remission. PRMS is the rarest form of MS, 

with approximately 5% of people diagnosed with MS having PRMS. PRMS is characterized by 

relapses with or without recovery and steadily worsening disease from the beginning (Appendix 

A) (Akselrod-Ballin et al., 2009).  

2.3 Secondary Health Complications following SCI and MS  

Impaired autonomic and sensorimotor function below the injury site are common 

features of both SCI and MS, that results in many secondary health complications. Autonomic 

impairments include bladder and bowel dysfunction, sexual dysfunction, blood pressure 

dysregulation, and temperature dysregulation, while sensorimotor impairments include muscle 

spasticity, neuropathic pain and, fatigue (Kister et al., 2013; Petros, 2011).  The currently 

proposed study will focus on; bowel dysfunction, obesity, neuropathic pain, and depression - all 

of which are common in both the SCI and MS populations and are strongly influenced through 

chronic inflammation.  

2.3.1 Chronic Inflammation after SCI and MS  

Within minutes to hours following a SCI, an acute inflammatory response is induced and 

is characterized by the influx of cytokines and other inflammatory mediators to the injury site. 

This acute inflammatory response serves to clear debris at the primary injury site in the spinal 

cord, however, non-injured tissue is also phagocytized which causes secondary tissue damage 

and an expansion of the injury site (Zhang et al., 2012). Following this acute phase of 
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inflammation, there is also a chronic state of inflammation commonly seen after SCI, 

characterized by chronically increased levels of circulating pro-inflammatory cytokines 

compared to age-matched able-bodied controls (Frost et al., 2005). In addition, circulating 

cytokine levels have been shown to correlate with the level of injury, such that individuals with 

tetraplegia have higher levels than individuals with paraplegia. It has been demonstrated that 

individuals with tetraplegia generally have higher levels of circulating IL-2, TNF-α, and IL-1RA 

compared to age-matched able-bodied controls. Furthermore, individuals with paraplegia 

generally have higher levels of circulating IL-6, TNF-α, and IL-4 (Davies et al., 2007). 

MS is characterized by the demyelination of neurons within the CNS which, similar 

to SCI, greatly increases the risk of chronic inflammation. People with MS have been found to 

have elevated levels of B cells within the connective tissue of the brain. B cells activate the 

recruitment of the pro-inflammatory lymphocyte T cells, which migrate and cause inflammation 

in the brain and nerve lesions (Jelcic et al., 2018). Furthermore, these levels of B cells 

progressively accumulate with the chronicity of the disease (Lassmann, et al., 2007). This 

accumulation of B cells and subsequently T cells is a cause of chronic inflammation for MS. This 

chronic inflammation has been demonstrated as individuals with chronic progressive multiple 

sclerosis were found to have heightened levels of the specific cytokines IL-1α, IL-1β, IL-2, TNF-α, 

IL-2R, and IL-6 in comparison to the able-bodied population (Trotter et al., 1991). This 

inflammation results in several other secondary health complications such as bowel 

dysfunction, obesity, neuropathic pain, and depression.  
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2.3.2 Bowel Dysfunction after SCI and MS  

Bowel function is impaired by the weakened communication between the CNS and the 

internal anal sphincter (IAS), external anal sphincter (EAS), and the pelvic floor. This results in 

symptoms such as inflammatory bowel disease (IBD), bowel incontinence (involuntary bowel 

evacuation), as well as constipation (Lynch et al., 2000). Bowel dysfunction is one of the most 

common problems following SCI, with approximately 56.1% experiencing incontinence and 58% 

experiencing constipation, compared to 7.7% and 16%, respectively, in the able-bodied 

population (Bisanz, 2007; De Looze et al., 1998; Lynch et al., 2000).  This is also a prominent 

issue within the MS-population. Constipation and fecal incontinence affects approximately 35% 

and 50% of individuals living with MS, respectively.  (Norton and Chelvanayagam, 2010). 

These issues are detrimental to everyday life, as approximately 62% of the SCI and MS-

populations report that bowel dysfunction has a negative impact on their quality of life 

(QOL) due to the embarrassing nature of this issue (Lynch et al., 2000). There is a reciprocal 

relationship between chronic inflammation and bowel dysfunction such that inflammation can 

lead to bowel dysfunction, and bowel dysfunction, in turn, leads to inflammation. As such, a 

vicious cycle of inflammation-bowel dysfunction can commonly occur after SCI and MS (Han et 

al., 2009). Individuals who are living with SCI or MS have increased activation of NF-ĸB, a 

protein that is found in the lining of gastrointestinal cells that helps regulates immune 

responses (Bethea et al., 1998; Devier et al., 2015). Increased activation of this protein causes 

increased levels of pro-inflammatory mediators, causing tissue damage and eventually chronic 

inflammation within the bowel (Wullaert et al., 2011). This leads to the development of several 

ailments such as IBD. It has also been demonstrated that the development of IBD is associated 
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with the further release of pro-inflammatory cytokines, further heightening levels within the 

gut.  

2.3.3 Obesity after SCI and MS  

Negative changes in body composition are prominent in the SCI population, with 

approximately 65.8% of individuals being overweight and 29.9% being obese, compared to an 

estimated 39% and 13% of the able-bodied population, respectively (Gorgey et al., 

2014). Furthermore, it has been suggested that an individual who has a visceral to 

subcutaneous fat ratio of 0.4, or greater, is at risk of developing metabolic abnormalities. 

Individuals with SCI, on average, have a ratio of 0.7. This places them at a much higher risk to 

develop these conditions (Gorgey et al., 2014). Similarly, approximately 19% of the MS 

population is obese compared to an estimated 13% of the able-bodied population (Marck et al., 

2016). The prevalence of obesity in these populations leads to subsequent health risks as these 

individuals are more susceptible to atherosclerosis, type II diabetes, and other cardiovascular 

diseases (Gorgey et al., 2014). There is a similar reciprocal relationship that occurs between 

chronic inflammation and obesity. As such, a cycle of inflammation and obesity is common after 

SCI or diagnosis of MS. Moreover, adipose tissue can act as an endocrine organ and release pro-

inflammatory cytokines (termed adipokines) such as TNF-α, IL-1, and IL-6 (Karastergiou and 

Mohamed-Ali, 2010). Thus, an increase in the quantity of adipose tissue can lead to an 

inflammatory state. In a reciprocal fashion, pro-inflammatory cytokines can increase adiposity 

and the risk of obesity by blunting the release of adiponectin from adipose tissue (Yamauchi et 

al., 2002). As adiponectin plays a critical role in fatty acid oxidation, the cytokine-induced 

decrease in its secretion can increase the accumulation of adipose tissue and lead to obesity.  
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2.3.4 Neuropathic Pain after SCI and MS 

 Neuropathic pain is one of the three broad categories used to define chronic pain and is 

defined as pain caused by somatosensory system disease or damage (Baron et al., 2010). 

Neuropathic pain is prevalent in the SCI and MS populations, as 80% and 86% respectively, 

regularly experience some form of pain compared to an average of 8% in the able-bodied 

population (Werhagen et al., 2004; Duffy et al., 2018; Murphy et al., 2017). There is evidence 

that the inflammatory nature of SCI and MS plays a vital role in the prevalence of neuropathic 

pain. Primarily, the inflammatory cytokine TNF-α is known induce symptoms of hyperalgesia 

(Pitchford & Levine, 1991). This is due to TNF-α sensitizing actions on nociceptive primary 

afferents and its ability to upregulate other pro-inflammatory cytokines, such as IL-1β, IFN-y, IL-

6, all of which have been demonstrated to further increase hyperalgesia (Sommer & Krees, 

2004; Junger & Sorkin, 2000). Moreover, microglia become activated by the local release of pro-

inflammatory cytokines, such as IL-6. This increase in activation causes PGE2 to induce dorsal 

horn sensory neurons to undergo changes in excitability. This increase in excitability is an 

underlying cause of chronic pain that is regularly experienced by both these populations (Zhao 

et al., 2007; Hulsebosh et al., 2009).  

2.3.5 Depression after SCI and MS 

 Symptoms of depression are common following an SCI and MS, and while this can be 

partially attributed to the sudden limitations in lifestyle, there is also an inflammatory etiology. 

The prevalence of depression after SCI and MS is 22.2% and 26%, respectively, compared to 

16% within the able-bodied population (Williams & Murray, 2015; Patten et al., 2017). It has 
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been demonstrated that depressive symptoms are highest in the acute phase of 

diagnosis/injury, and these symptoms rarely return to pre-injury/diagnosis levels (Hoffman et 

a., 2011; Kennedy & Rodgers, 2000; Beal et al., 2007). There is a reciprocal relationship that 

occurs between chronic inflammation and the inflammatory etiology of depression. First, 

inflammation can directly lead to depression in a number of ways. For example, pro-

inflammatory cytokines, such as IL-2, IFN- α, IFN-y, and TNF- α, directly up-regulate serotonin 

transporter proteins within the brain, which leads to greater reuptake of 5-HT. Inflammation 

can also more indirectly lead to depression via the kynurenine pathway. Specifically, an 

increase in pro-inflammatory mediators, such as IL-1β, can result in an up-regulation of 

indoleamine 2,3-dioxygenase (IDO) and tryptophan 2,3-dioxygenase (TDO). These enzymes 

catalyze the conversion of tryptophan (TRP) to kynurenine, thus reducing the amount of this 

amino acid that is available for 5-HT production, resulting in symptoms of depression (Allison & 

Ditor, 2014). In reciprocal fashion, major depression is accompanied by moderate activation of 

the inflammatory response system, specifically increased levels of circulating leukocytes IL-6 

and CRP, which can further increase this imbalance of inflammation (Maes et al., 1992; 

Konsman, 2019).  
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2.4 Current Treatment Strategies  

2.4.1 Current Treatment for Bowel Function  

Pharmaceuticals are commonly used to address bowel function in the SCI and MS 

populations. Suppositories have been shown to lower levels of incontinence, constipation, and 

gastrointestinal pain for those with SCI, but the sudden increase in bowel exertion does 

increase the probability of hemorrhoids (Menter et al., 1997). Similarly, implementing a 12-

week exercise program for individuals with paraplegia that consisted of 30 minutes of exercise 

did not improve gastrointestinal function, as the total time for defecation (total time from 

when an individual begins evacuation to the last stool) remained unchanged (Chen et al., 2006). 

More generally, individuals with MS can be prescribed a class of drugs known as Beta 

Interferons which have been shown to decrease the incidence of relapses and reduce 

inflammatory lesions by up to 80%, which theoretically, should partially reverse the disease and 

have a positive effect on many symptoms including bowel dysfunction. Unfortunately, 

individuals who take these medications are at a much higher risk of developing flu-like 

symptoms, injection site reactions, and worsening of pre-existing spasticity. In addition, they 

are extremely expensive. For example, the Beta-Interferons, Copaxone, Gilenya, and Tysabri 

cost approximately $42,000 to $48,000 per year (Goldenberg, 2012). Side effects plus the 

sizeable cost of these drugs make them very challenging to adhere to.  

In contrast, dietary interventions have proven to be a realistic and achievable 

intervention to address bowel dysfunction. A high-fibre diet for individuals with SCI has been 

shown to decreases total congestion, as mouth to anus time was reduced (Cameron et al., 

1996). Similarly, implementing a high-fibre diet for individuals with MS has been shown to 
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decrease gastrointestinal discomfort because of the decrease of congestion (Caldis-Coutris 

and Melanson, 2002). Previous research from our lab (Allison et al., 2016) investigating the 

effects of a 12-week anti-inflammatory diet supplied anecdotal evidence for positive effects on 

bowel function. However, further research is needed to determine the effects of an anti-

inflammatory diet on bowel function. Given the reciprocal relationship between bowel 

dysfunction and chronic inflammation, it is reasonable that an intervention that specifically 

targets inflammation may prove beneficial for bowel dysfunction after SCI or MS.  

2.4.2 Current Treatment for Obesity  

In theory, regimented exercise should elicit positive changes in body composition with 

decreases in fat mass and increases or maintenance in lean mass after SCI and MS. In practice, 

however, paralysis (partial or full) as well as social and environmental barriers make exercising 

with sufficient frequency and intensity to impact body composition very difficult. As such, a 

survey study that covered 24 individual studies showed inadequate evidence to conclude 

positive effects of exercise on body composition after SCI (Ginis et al., 2012). Likewise, 

individuals with MS who undergo an exercise intervention do not consistently experience 

benefits in body composition. Previous work by Wens et al., 2015 showed that subjects with MS 

who undergo high-intensity interval training experienced an increase in lean mass but no 

significant change in total fat mass (Wens et al., 2015). Dietary interventions have shown to 

have some promise. Caloric restriction has been shown to reduce the progression of MS as it 

has been proven to decrease oxidative damage. Furthermore, an excessive calorie  intake 

increases production of free radicals and levels of inflammation (Riccio, 2011). Likewise, 

individuals with SCI who attended weekly classes aimed at improving nutritional habits 
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experienced a decrease of approximately 3.5 kg after 12 weeks and an additional 2.9 kg after 24 

weeks (Gater Jr, 2007). Similar to bowel dysfunction, the 12-week anti-inflammatory diet 

studied in our lab (Allison et al., 2016) provided anecdotal evidence suggesting that this style of 

intervention supports a healthier body weight, though further research is warranted. Again, 

given the reciprocal relationship between obesity and chronic inflammation described earlier, it 

is reasonable that an intervention that specifically targets inflammation may provide benefits 

for reducing fat mass after SCI and MS.  

2.4.3 Current Treatment for Neuropathic Pain  

There is a range of interventions prescribed to individuals with SCI and MS who struggle 

with neuropathic pain. Pharmaceuticals, such as gabapentin and pregabalin, are commonly 

used and have been proven to reduce overall pain. Unfortunately, these drugs require regular 

monitoring by a professional to ensure proper dosage, are reported to cause unwanted side-

effects such as suicidal ideation and constipation and may also not be effective at managing 

neuropathic pain in all patients (Hatch et al., 2018). Non-pharmaceutical treatments include 

surgical procedures and different therapies. Surgical procedures such as nerve block injections, 

dorsal root entry zone ablation treatments, and spinal cord stimulation, are limited in research, 

highly invasive, and have a range of requirements for participants to qualify. Therapies such as 

transcranial direct current stimulation, transcranial electrical stimulation, and transcranial 

magnetic stimulation are promising techniques demonstrating short and long-term pain relief. 

Conversely, this literature is still rudimentary with limited evidence, and application requires a 

professional, limiting regular accessibility (Hatch et al., 2018; Murphy et al., 2017). 

Consumption of an anti-inflammatory diet has been shown to decrease inflammatory cytokines 
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and in turn, reduce the severity of neuropathic pain by approximately 40% in participants with 

SCI (Allison et al., 2016). However, a subsequent 1-year follow-up demonstrated that adherence 

to the diet dropped significantly after the study due to a lack of motivation, temptations at 

social events, and the expenses of required supplements (Allison et al., 2016). As such, although 

dietary anti-inflammatory strategies may be effective in treating neuropathic pain, research is 

warranted on modified diets that may be easier to adhere to.  

2.4.4 Current Treatment for Depression  

There is a lack of literature investigating interventions for depression specifically within 

the SCI and MS populations. Pharmaceuticals are commonly prescribed, such as trazadone, 

fluoxetine, and selective serotonin reuptake inhibitors (SSRI’s). While there is evidence for a 

reduction in depressive symptoms, there are commonly reported side effects such as an 

increase in spasticity within the SCI population, and hypotension, dry mouth, and constipation 

within the MS population (Feinstein, 2011; Brakel & Hook, 2019). Furthermore, SSRI’s target a 

range of downstream enzymes and receptors to aid depressive symptoms (Allison & Ditor, 

2015; Fann et al., 2011), rather than upstream causative factors such as inflammation. The 

implementation of an anti-inflammatory diet has been shown to positively impact mood 

through a decrease in inflammatory cytokines (Allison & Ditor, 2015). Again, a subsequent 1-

year follow-up demonstrated that adherence dropped significantly after the study due to a 

result of lack of motivation, temptations during social events, and the expenses of required 

supplements (Allison et al., 2016). As such, although an anti-inflammatory dietary strategy may 

be effective in treating depression, research is warranted on modified diets that may be easier 

to adhere to over the longer term.  
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2.4.5 Anti-inflammatory diet interventions to manage symptoms after SCI and MS 

 An intervention that targets inflammation, in theory, can alleviate the aforementioned 

ailments. There is a lack of literature investigating interventions for inflammation specifically 

within the SCI and MS population. Moreover, interventions have been shown to range in 

effectiveness and cost. Previous work from our lab investigated the effects of an anti-

inflammatory diet on inflammatory cytokines for an SCI population. This 12-week diet 

eliminated common food intolerances and inflammation-inducing foods, as well as introduced 

foods and supplements with established anti-inflammatory properties. Initial results from this 

intervention were very promising, with significant decreases in IL-1B, IFN-y, IL-2, IL-6,  and TNF- 

α (Allison et al., 2016). While these results were encouraging, a subsequent 1-year follow-up 

showed that adherence dropped from 89% to 43%. This decrease can be accounted for through 

the expenses of the supplementation, limitations through social events, and the inflexibility of a 

7-day a week diet (Bailey et al., 2018). In response, our lab has produced a refined diet called 

‘The Mad Dog Diet’ aimed to eliminate these shortcomings. This is a 6-week anti-inflammatory 

diet that follows the same anti-inflammatory properties as the initial diet. In theory, this diet 

will be more sustainable as it addresses previously identified shortcomings through 

replacement of supplements with whole foods, partnering with a local catering company to 

increase ease of cooking as well as quality of taste, and spanning 5-days a week to allow ‘cheat 

days’ on the weekends to increase motivation.  
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Chapter 3 – Study Design  

3.1 Participants  

A sample of 6 individuals, 4 with SCI and 2 with MS, were recruited for this study. For 

participants with a SCI that were recruited, there were three with incomplete injuries and one 

complete injury. Locations of injury ranged from C5 – T1 vertebrae (Table 1). Within the MS 

population, one individual had SPMS and the other had RRMS. All participants were above the 

age of 18, and at least 1-year post injury or diagnosis (Table 1). 

Table 1: Demographics of Participants  

Overview of each participant’s age, sex, ailment, time since injury/diagnosis, and severity/location of ailment.  

3.2 Study Design  

 Participants were recruited through an email newsletter sent to all members of Power 

Cord (Appendix B). Due to the low number of participants, there was only an intervention group 

and no control group. However, to ensure stability in the outcome measures two baseline tests 

were conducted (Baseline 1 and Baseline 2) one month apart. Following the Baseline 2 testing 

all participants began the 6-week Mad Dog Diet intervention (see below) and then underwent 

post-testing. There was a “control” period between Baseline 1 and Baseline 2 testing when 

participants were instructed to eat their usual diet and maintain their usual exercise routine (if 
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any). Participants were also instructed to maintain their usual exercise routine (if any) during 

the intervention period.  

3.3 The Mad Dog Diet Intervention  

The Mad Dog Diet is based on the previous anti-inflammatory diet investigated in our 

lab (Allison et al., 2016), and as such, it is comprised of foods known to have anti-inflammatory 

properties while removing all foods known to increase inflammation. Examples of foods that 

were removed are processed foods, foods that have a high glycemic index, including, but not 

limited to foods with trans fats and refined sugars, foods commonly associated with 

intolerances such as cow’s milk, as well as coffee and alcohol. Previous findings from our lab 

showed promising results but adherence to the diet at one-year follow-up dropped from 89% 

to 43%. This drop in adherence was due in part, to the expense of the daily anti-inflammatory 

supplements that were required (omega-3, chlorella, anti-oxidants and curcumin), as well as 

the general rigour of a 7-day per week diet (Bailey et al., 2018). In response, the Mad Dog Diet 

was created without the use of any supplements and only requires 5-days per week adherence, 

with participants eating as they wish on the weekends. To ensure that the Mad Dog Diet was 

matched for nutrition compared to our previously investigated anti-inflammatory diet, all 

macro and micronutrients were analyzed for both diets via the Food Processor computer 

program (Table 2). The Mad Dog Diet consisted of three meals and two snacks per day, and 2 

weeks of recipes (Figure 3). The menu was cycled through three times over the 6-week 

intervention (Figure 3). As in our previous anti-inflammatory diet intervention, participants 

were also given a list of foods to eat and foods to avoid, and they could substitute ingredients in 

the provided recipes or create their own meals from this list. A local catering company, Staff 
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Meal Niagara, developed the Mad Dog Diet with careful consideration regarding ease of meal 

preparation, affordability, and taste.  

Table 2: Daily Nutrient Breakdown of Diets 

Comparison of energy (kcal), carbohydrates (g), fats (g), proteins (g), and fibre (g) in previously studied anti-
inflammatory diet and the Mad Dog Diet.  

 

3.4.0 Outcome Measures  

3.4.1 Dietary Adherence  

Participants received a digital calendar and were asked to fill out all foods and liquids 

consumed to the greatest detail possible each day (Figure 4). Over the course of the 10-week 

study (4-week control period, 6-week intervention period) participants were required to 

complete seven-day logs during weeks 1 (at Baseline 1 testing), 4 (at Baseline 2 testing), and 10 

(at Post-Testing) as well as a three-day log during week 7 (half-way through the Mad Dog Diet 

intervention). The food logs were analyzed for the number of servings that adhered to the Mad 

Dog Diet and the number of servings that did not adhere (according to the list of foods to eat 

and avoid, rather than the supplied recipes, per se). Dietary adherence was then calculated by 

the number of allowed servings divided by the total servings consumed multiplied by 100, and 

expressed as a percentage.  
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3.4.2 Inflammation  

 Inflammation was assessed through salivary levels of CRP. Participants had Eppendorf 

tubes delivered to their address and were instructed to collect salivary samples independently 

at Baseline 1, Baseline 2, and Post-Testing. Participants were instructed to abstain from 

consumption of alcohol 12-hours prior, food and non-water liquids 1-hour prior, and water 10-

minutes prior to collection. Directly after collection, Eppendorf tubes were placed into their 

freezers, and were picked up at a later date by the principal investigator. Salivary CRP was 

quantified using a Salivary C-Reactive Protein ELISA Kit according to kit specifications 

(Salimetrics, PA, USA). All standards, quality controls and samples were run in duplicate. The 

optical density was determined using the Biotek Synergy HTX Multi-mode plate reader with a 

wavelength of 450nm and a correction set at 540nm.    

3.4.3 Bowel Function 

The Bowel Management subset of the Spinal Cord Injury-Quality of life questionnaire 

(SCI-QOL) and Neurogenic Bowel Dysfunction (NBD) questionnaire were used to assess bowel 

dysfunction. The SCI-QOL questionnaire (Appendix C) consists of 26 questions on a Likert scale 

of 1 to 5, with 1 being “not at all/never” to 5 being “very much/always”. The NBD questionnaire 

(Appendix C) consists of 10 questions, seven being dichotomous and the remaining three being 

answered on a Likert scale of 1 to 2 (two questions) or 1 to 4 (one question). Each answer had a 

corresponding score, that once accumulated, ranked bowel dysfunction from very minor (0-5), 

minor (7-9), moderate (10-13), or severe (14+).  
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3.4.4 Body Composition  

Body composition was measured using dual energy x-ray absorptiometry (DXA). Scans 

were conducted at Barclays Diagnostic Imaging Clinic (St. Catharines, Ontario). On the day of 

the scan, participants were told to weigh themselves in a fasted state with as little clothing as 

possible, as body weight is used by the DEXA machine in its calculations. Scans took on average 

30 minutes, with variations depending on the size of the individual and their ability to remain 

stationary. Scans provided measurements for total fat mass, subcutaneous fat mass, visceral fat 

mass, and total lean mass. 

3.4.5 Neuropathic Pain 

The Neuropathic Pain Questionnaire (Appendix C) was used to assess neuropathic pain. 

This questionnaire consists of 32 items pertaining to 3 unique categories; sensory items, 

affective items, and sensitivity items. Sensory items are those related the intensity of specific 

pain sensations felt (eg. burning, stabbing, throbbing). Affective items refer to how the pain 

affects the participant (eg. How irritating is your usual pain?). Sensitivity items are those related 

to how various stimuli increase pain (eg. increased pain due to heat). Subjects were asked to 

rate their pain numerically on a scale from 0-100 whereby 0 indicates that the type of pain in 

question is not present and 100 indicates that it is the worst pain imaginable. Averages of each 

section were taken to indicate the presence of each item. 
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3.4.6 Depression  

The Center for Epidemiological Study – Depression Scale (CES-D) (Appendix C) was used 

to assess depression. This is a 20-item questionnaire that asks participants to rate their 

depressive symptoms (i.e., my sleep was restless) experienced over the past week on a 0 – 3 

scale, as well as positive questions (i.e., I was happy). Depressive symptoms experienced never 

or once a week were given a score of 0, one to two days a week a score of 1, three to four days 

a week a score of 2, and 5-7 days a week a score of 3. Scoring for positive questions was 

reversed. Higher scores indicate greater depressive symptoms and scores higher than 15 are 

indicative of clinical depression. 

3.5 Statistical Analysis 

Prior to analyzing outcome measures for diet-induced changes, a Mauchly’s test for 

assumption of sphericity was conducted on all data. This assumption was upheld for all data. 

Accordingly, a one-way (time) repeated measures ANOVA with 3 factors (Baseline 1, Baseline 2 

and Post-testing) was performed to assess potential changes in outcome measures resulting 

from the Mad Dog Diet. The only exceptions to this were the analyses for dietary adherence 

and nutrient intake where 4 factors were used; Baseline 1, Baseline 2, Mid-testing (3 weeks into 

the 6-week diet) and Post-testing (immediately following the 6-week diet). When main effects 

for time were found, a post hoc T-Test was performed to compare specific time points. All data 

is expressed as means ± standard deviation (SD) and statistical significance was set at p < 0.05 

for all tests. 
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Chapter 4 – Results  

4.1 Dietary Adherence  

One-way ANOVA showed that there was a main effect for time for adherence to the 

MAD Dog Diet (p=0.007; Table 3). Subsequent post-hoc t-tests showed that there was no 

significant difference in adherence between Baseline 1 and Baseline 2 (p=0.634), and no 

significant difference in adherence between Mid-Testing and Post-Testing (p=0.576), ensuring 

that adherence was stable during the Pre-Intervention stage as well as following the Mad Dog 

Diet. There was statistical significance between Baseline 1 and Mid-Testing (p=<0.001), Baseline 

1 and Post-Testing (p=<0.001), Baseline 2 and Mid-Testing (p=<0.001), and Baseline 2 and Post-

Testing (p=<0.001). As such, participants were significantly more adherent during the Mad Dog 

Diet than the control phase. In total there were two days of missing food logs during the control 

phase out of eighty-four, and two days of missing food logs during the intervention phase out 

of sixty. The breakdown of nutrient intake (energy, carbohydrates, fats, protein, dietary fibre, 

and sugar) during the control and intervention phases can be found in Table 4. A one-way 

ANOVA showed that there was no main effect for time for nutrient intake. As such, general 

nutrient intake was stable over the control period, but there was no significant change during 

the Mad Dog Diet intervention. There was a strong trend for an increase in fibre intake during 

the Mad Dog Diet intervention in comparison to the control phase (p=0.078). 
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Table 3: Adherence to the Mad Dog Diet Eat and Avoid List  

Individuals and mean results of dietary adherence before and during the 6-week Mad Dog Diet. 
* Mid-Testing significantly different from Baseline 1 
+ Mid-Testing significantly different from Baseline 2 
** Post-Testing significantly different from Baseline 1  
++ Post-Testing significantly different from Baseline 2 
 
Table 4: Overview of Nutrient Intake Before and During the Mad Dog Diet   

Mean consumption of energy (kcal), carbohydrates (g), fats (g), proteins (g), dietary fibre (g), and sugars (g) before 
and during the 6-week Mad Dog Diet.  

 

4.2 Inflammation 

 CRP values are shown in Table 5 for both the control and the intervention period. A one-

way repeated ANOVA showed no main effect for time. As such, inflammation was stable over 

the control period, but there was no change in inflammation associated with the 6-week Mad 

Dog Diet intervention. Individual data for CRP can be found in Appendix D.  
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Table 5: Changes in Inflammation Associated with the Mad Dog Diet  

Mean results of CRP in each testing point with standard deviations and p-values. 
 

4.3 Bowel Function  

Bowel function scores are shown in Table 6 for both the control and the intervention 

period.  A one-way repeated ANOVA showed no main effect for time for either the NBD or the 

SCI-QOL questionnaires. As such, these measures were stable over the control period but there 

was no significant change in either measure following the 6-week Mad Dog Diet intervention. 

Individual data for bowel function can be found in Appendix D. 

Table 6: Changes in Bowel Function Associated with the Mad Dog Diet  

Mean results of NBD and SCI-QOL questionnaires in each testing point with standard deviations and p-values.  

4.4 Body Composition   

DXA software perform a calculation utilizing fat mass distribution to estimate an 

individual’s total visceral and subcutaneous fat mass. If an individual is unable to fit within the 

margins of the scan, the technician orients the participant so that one side is fully within the 

margins. An estimated value for the bilateral segment is then given. An inability to acquire an 

adequate amount of true segmental measurements inhibits the scan to estimate visceral and 

subcutaneous mass. One participant with MS did not meet this requirement, for this reason the 

visceral and subcutaneous mass values have an n of 5 instead of 6.  
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4.4.1 Total Mass 

 A one-way repeated measures ANOVA showed that there was a significant main effect 

for time for total mass (p=0.006; Table 7). Subsequent post hoc t-tests showed that there was 

no significant difference between Baseline 1 and Baseline 2 testing sessions (p=0.87) and as 

such, the measure was stable over time. There was a significant decrease in total mass between 

Baseline 1 and Post-Testing sessions (p=0.006) as well as between Baseline 2 and Post-Testing 

sessions (p=0.005). Individual data for total mass can be found in Appendix D. 

4.4.2 Lean Mass 

A one-way repeated measures ANOVA showed a significant main effect for time for lean 

mass (p=0.046; Table 7). Subsequent post hoc t-tests showed that there was no significant 

difference between Baseline 1 and Baseline 2 testing sessions (p=0.63) and as such, the 

measure was stable over time. There was a significant decrease in lean mass between Baseline 

1 testing and Post-Testing (p=0.009) and a trend for a decrease in lean mass between Baseline 2 

testing and Post-Testing (p=0.058). Individual data for lean mass can be found in Appendix D. 

4.4.3 Total Fat Mass 

A one-way repeated measures ANOVA showed a main effect for time for total fat mass 

(p=0.038; Table 7). Subsequent post hoc t-tests showed that there was no significant difference 

in total fat mass between Baseline 1 and Baseline 2 testing sessions (p=0.40) and as such, the 

measure was stable over time. There was no significant change in total fat mass from Baseline 1 

testing to Post-Testing (p=0.16), but there was a significant decrease in total fat mass between 
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Baseline 2 testing and Post-Testing (p=0.008). Individual data for fat mass can be found in 

Appendix D. 

4.4.4 Visceral Fat Mass  

A one-way repeated measures ANOVA showed that there was no significant main effect 

for time for visceral fat mass (p=0.33; Table 7). As such, visceral fat mass was stable over the 

control period and there was no change in visceral fat mass associated with the 6-week Mad 

Dog Diet intervention. Individual data for visceral fat mass can be found in Appendix D. 

4.4.5 Subcutaneous Fat Mass  

A one-way repeated measures ANOVA showed that there was no significant main effect 

for time for subcutaneous fat mass (p=0.091; Table 7). As such, subcutaneous fat mass was 

stable over the control period, but there was no change in subcutaneous fat mass associated 

with the 6-week Mad Dog Diet intervention. Individual data for subcutaneous fat mass can be 

found in Appendix D. 

Table 7: Changes in Body Composition Associated with the Mad Dog Diet

 

Mean results of body composition at each testing point with standard deviations and p-values.  
* Total Mass significantly different from Baseline 2 
+ Lean Mass significantly different from Baseline 1  
** Fat Mass significantly different from Baseline 2 
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4.5 Neuropathic Pain  

A one-way repeated measures ANOVA showed that there was no significant main effect 

for time for the sensory (p=0.55), affective (p=0.15) or sensitivity (p=0.12) components of the 

neuropathic pain questionnaire (Table 8). As such, neuropathic pain was stable over the control 

period, but there was no change in neuropathic pain associated with the 6-week Mad Dog Diet 

intervention. Individual data for neuropathic pain can be found in Appendix D. 

4.6 Depression 

A one-way repeated measures ANOVA showed that there was no significant main effect 

for time for depression scores (p=0.48; Table 8). As such, depression was stable over the control 

period, but there was no change in depression associated with the 6-week Mad Dog Diet 

intervention. Individual data for depression can be found in Appendix D. 

Table 8: Changes in Neuropathic Pain and Depression Associated with the Mad Dog Diet  

Mean results of depression (CES-D) and neuropathic pain (NP) Questionnaires with standard deviations and p-
values.  
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 Chapter 5 – Discussion   

The main finding of the current study is that the 6-week Mad Dog Diet resulted in a 

significant change in body composition in the form of reductions in total mass, fat mass and 

lean mass (p<0.05). In contrast the diet intervention had no significant effect on inflammation, 

bowel function, neuropathic pain, and depression (p>0.05). Further, despite the significant 

reduction in total fat mass, this study was not able to distinguish the separate contributions of 

subcutaneous fat mass and visceral fat mass, as neither showed a significant change following 

the 6-week diet intervention. There is limited research for a feasible intervention that can be 

sustainable for a prolonged period of time within the SCI and MS populations. Therefore, the 

aforementioned data contribute to the current literature, and provide a basis for further 

research. Further research is warranted to identify why some expected changes were not 

observed in the present study, and to also potentially improve the efficacy of the Mad Dog Diet. 

 Unlike intended, the Mad Dog Diet did not produce the desired anti-inflammatory 

effects. This is viable information as previous studies have shown the positive correlation 

between decreases in inflammation and subsequent secondary ailments, such as neuropathic 

pain and depression (Allison & David, 2016; Allison & David, 2015). Our results of baseline 

salivary CRP levels (3111pg/mL) were elevated in comparison to the abled-bodied population 

(285pg/L) (Pay & Shawn, 2019). While literature is scarce for salivary CRP within both SCI and 

MS, it is demonstrated that SCI and MS have heightened serum CRP levels, at 8.6 mg/L and 34.2 

mg/L respectfully, with variations dependent on the classification (Gibson et al., 2008; Guzel et 

al., 2016). These numbers demonstrate the importance of utilizing CRP as a measure of 

inflammation, as the America Heart Association classifies CRP levels greater than 3.0mg/L has a 
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marker of high cardiovascular disease risk (Guzel et al., 2016). Our lack of results could be due 

to several factors. Perhaps the reduction to a 5-day schedule reduced the total consumption of 

several micronutrients/fats known to have anti-oxidant/anti-inflammatory properties. 

Furthermore, perhaps the addition of supplements is required to elicit anti-inflammatory 

effects, although this is less likely as several anti-oxidant/anti-inflammatory micronutrients/fats 

were matched for daily consumption with the initial anti-inflammatory diet. It is more likely 

that adherence to the meal plan played a large influence. While adherence to the eat and avoid 

list was quite high (93%), adherence to the actual schedule (specific meals and snacks to be 

consumed daily) was quiet low, at 51%. This is a result of participants seemingly selecting 

certain meals and consuming them more frequently, or creating their own meals with 

ingredients picked from the eat and avoid list. As this diet was designed to provide roughly the 

same consumption daily, this low adherence resulted in a lower overall consumption of several 

micronutrients and fats that have been proven to reduce inflammation. This can largely account 

for the insignificant findings for inflammation. 

Unlike previous anecdotal evidence gathered from our original anti-inflammatory diet 

study (Allison et al., 2016), there was no significant improvement in bowel function following 

the 6-week Mad Dog Diet. Previous anecdotal evidence was obtained through conversations 

with participants rather than a formal measurement and subsequent statistical analysis. This 

can largely be attributed to the fact that the Mad Dog Diet did not achieve its intended anti-

inflammatory results. Furthermore, the lack of an effect from the Mad Dog Diet could be due to 

the relatively shorter intervention period (6 weeks rather than 12 weeks) or the fact that the 

current study used a 5-day per week diet schedule as opposed to a 7-day. The former is not 
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likely the case as in the original study, anecdotal reports of improved bowel function were 

communicated prior to 6 weeks. Last, it is also possible that bowel function is particularly 

difficult to improve in the SCI and MS populations.  As such, although the majority of published 

studies focusing on dietary influences on bowel function within the SCI and MS populations are 

cross-sectional studies, positive changes have been hard to achieve. For example, there is 

evidence that an increase in daily fibre intake within the SCI population actually increases 

constipation and subsequent NBD scores (Stoffel et al., 2018). Likewise, Cameron et al. (1996), 

had 11 individuals with a SCI increase their insoluble fibre intake from 25 grams per day to 31 

grams per day over a 4-week period. In response, colonic transit time increased substantially 

(p<0.02), and there were no changes in left and right colon transit time, and evacuation time 

(Cameron et al., 1996). Another study investigated the benefits of consuming 1600 mg of dried 

Poncirus fructus (an extract from a Chinese fruit used for bowel function) in 31 individuals with 

an SCI over a 14-day period. While there were significant results for stool retention throughout 

the whole colon, there was reported soft stool and diarrhea in 8% and 28% of participants, 

respectively (Kim et al., 2016). Literature for dietary interventions targeting bowel dysfunction 

within the MS population is even more scarce, and largely empirical. The Mad Dog Diet was 

designed to address inflammation as well as fibre intake, and there was a strong trend for an 

increase in the latter (from 19.7 ± 9.7 to 36.1 ± 10.6 g/day; p=0.07). Thus, our lack of significant 

changes supports the idea that that bowel function is difficult to improve with diet alone in the 

SCI and MS populations. In comparison significant findings for constipation has been observed 

within a 2 to 3-week intervention for an abled-bodied population (Hongisto et al., 2006; 

Sairanen et al., 2007; Luque et al., 2008; Waitzberg et al., 2012; Attaluri et alk., 2011). Bowel 
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dysfunction after SCI and MS may be more driven by the severity of injury/diagnosis, as 

gastrointestinal function is strongly regulated by enteric nervous system and the extrinsic 

innervation of the IAS, EAS, and pelvic floor muscles (Lynch et al., 2000; Preziosi et al., 2018). 

Additionally, these findings offer the opportunity to investigate interventions targeting other 

potential causation. For example, there is evidence that individuals with an SCI have reduced 

microbial diversity in comparison to healthy individuals, and further that there is a link between 

gut dysbiosis and NBD (Zhang et al., 2018). Our findings paired with this potential link brings 

about the possibility that an intervention targeting gut dysbiosis would elicit beneficial results 

for bowel dysfunction within these populations.  

There is a stronger body of literature on dietary interventions addressing obesity within 

the SCI and MS population. Fitzgerald et al. (2018), investigated the effects of calorie restriction 

on individuals with MS over an 8-week period. That study had a total of 36 participants 

randomly assigned to three groups; a daily calorie restriction group (n=12; 78% caloric needs, 7 

days per week), an intermittent calorie restriction group (n=12; 25% caloric needs for 2 days, 

100% caloric needs for 5 days per week) and a control group (n=12; 100% caloric needs, 7 days 

per week). The authors found no significant changes in lean mass, fat mass, and visceral mass 

(Fitzgerald et al., 2018). Similarly, Chen and colleagues in 2018, investigated the effects of a 

caloric restrictive diet on a SCI population. That study consisted of 16 participants and 

investigated the effects of a 1,400 kcal/day and 1,200 kcal/day diet in males and females, 

respectively, over a 6-month period. Results showed a significant decrease in total fat mass, but 

failed to distinguish specific changes in visceral and subcutaneous fat mass (Chen et al., 2006). 

Furthermore, the authors did not provide information on the macronutrient composition of the 
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diet, thus hindering the practical application of this study’s findings. The current study targeted 

inflammation rather than calorie restriction per se, with no significant changes in kcal/day. 

While there was no reduction in inflammation, there was still significant decreases in fat mass. 

This cannot be attributed to inflammation, but it does speak to the efficacy of a diet that 

increased consumption of whole foods. Unfortunately, the study was underpowered to 

distinguish the contributions of visceral and subcutaneous fat, and further research is 

warranted in this regard, as reductions in visceral fat have particular health benefits. Likewise, 

we did not measure energy expenditure or exercise habits in the current study, although 

participants were asked to maintain their normal activity routines during the study. It is also 

important to note that the participants lost both fat mass and lean mass in the current study. 

Losses in fat mass are obviously desired, but losses in lean mass are unfortunate and detract 

from the overall benefits of the diet, especially considering that the Mad Dog Diet is intended 

for the SCI and MS populations where muscle atrophy is already an issue. Specifically, further 

losses in muscle can lead to further losses in strength and function as well as increased risks for 

metabolic disease and pressure wounds. It is not uncommon for dietary interventions to cause 

decreases in both fat mass and lean mass (Hernández-Reyes et al., 2019), and resistance 

training may complement such diets by maintaining lean mass while still allowing for losses in 

fat mass; a phenomenon known as quality weight loss (Villarreal et al., 2005). Thus, research is 

certainly warranted into pairing the Mad Dog Diet with structured and progressive resistance 

training to see if quality weight loss can be achieved with this combination.   

Current literature addressing neuropathic pain is predominantly focused on acute relief 

via pharmaceutical and surgical treatments. There is limited research on interventions that are 



 

39 
 

more readily accessible, with a majority of this literature focusing on cognitive and behavioural 

interventions. For example, Budh and colleagues in 2006, investigated the effects of a 12-

month cognitive behavioural therapy intervention on 27 individuals with a SCI who regularly 

experienced neuropathic pain. This intervention consisted of educational sessions, behavioural 

therapy, relaxation techniques, and body awareness training. Results showed that after 12-

months there was no change in pain intensities, pain unpleasantness, and health related QOL 

(Budh et all., 2006). As previously mentioned, our laboratory has investigated the benefits of an 

anti-inflammatory diet for individuals with an SCI, yielding significant results for chronic pain 

relief (Allison et al., 2016). That study had 20 total participants with varying levels and severities 

of SCI, with 12 in the treatment group and 8 controls. The treatment group consumed an anti-

inflammatory diet for 12-weeks that was used to inform the currently investigated Mad Dog 

Diet. To address the aforementioned issue of long-term adherence via expenses, the Mad Dog 

Diet replaced nutritional supplements with whole foods and elected to use a 5-day plan rather 

than a 7-day. Results from the original anti-inflammatory diet study showed a significant 

decrease in sensory neuropathic pain by approximately 40% (Allison et al., 2016). The lack of 

results from the current Mad Dog Diet study can be attributed to the previously identified 

shortcomings of producing anti-inflammatory effects. Creation and successful implementation 

of scheduled meals that are strongly adhered to can bring about the desired results that have  

previously demonstrated in our laboratory (Allison & Ditor, 2016) 

It is also very important to note that the participants in the current study did not 

present with severe neuropathic pain at baseline testing (especially compared to the 

participants in our original study), and as such, there was not very much room for 
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improvement. Last, our original anti-inflammatory diet study only included participants with 

SCI, while the current study included those with SCI and MS. It is possible the neuropathic pain 

is more difficult to treat in the latter population. Thus, further research with more participants 

(SCI and MS) who suffer from severe neuropathic to begin with is certainly warranted to 

discover the possible analgesic effects of the Mad Dog Diet.  

Similarly, literature focusing on interventions for depression within SCI and MS are 

predominately focused on pharmaceutical interventions. Forman and Lincoln (2010), 

investigated the effects that a 3 and 6-month therapy intervention had on depression for 19 

individuals with MS. These group therapy sessions consisted of bi-weekly 2-hour sessions where 

topics such as problem-solving, target setting, and relationships were discussed. Results 

demonstrated that there were no changes during the first 3 months, but the subsequent testing 

session showed a significant improvement in depression (Forman and Lincoln, 2010). Again, 

research from our laboratory has investigated the effects of an anti-inflammatory diet on 

depression in individuals with SCI. As previously mentioned, the treatment group consumed an 

anti-inflammatory diet for 12-weeks that was used to inform the currently investigated Mad 

Dog Diet. For the sake of expense, the Mad Dog Diet replaced nutritional supplements with 

whole foods, and used a 5-day per week diet plan rather than a 7-day. Results from that study 

showed considerable and significant decreases in depression, of approximately 55% as 

determined by CES-D scores (Allison & Ditor, 2015). Again, the aforementioned results of 

inflammation do provide an explanation for the insignificant findings on depression. 

Last, it is again worth mentioning that depression may be more difficult to treat in the 

MS population as compared to the SCI population. This study was also conducted during the 
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Covid-19 pandemic and issues such as isolation and lack of attendant care services may have 

confounded any possible benefits of our diet intervention. Further research with more 

participants (SCI and MS) is warranted to understand the potential benefits that the Mad Dog 

Diet can have on depression and perhaps how to maximize its effects.  

 

5.1 Limitations  

This study is not without its limitations. First, participant recruitment is always difficult 

for long term intervention studies in special populations and the Covid-19 pandemic provided 

additional challenges for recruitment and testing. As such, the total sample size for this study 

was lower than we hoped (n=6) and there was no control group. To account for this 

shortcoming, we included 2 baseline tests 4 weeks apart, to ensure that our measures were 

stable and not prone to spontaneous changes. However, the study was generally 

underpowered to detect potential diet-induced changes. Future research with a larger sample 

size should be performed to advance the findings above. Population sizes in similar studies have 

ranged from 11 – 20 individuals (Cameron et al., 1996; Allison et al., 2016). A second limitation 

would be the shortened timeline of the study, as similar studies have used dietary interventions 

of 12-weeks (Allison et al., 2016; Gater Jr, 2007). Although, as benefits have been seen prior to 

12 weeks in those studies, perhaps conducting an intervention of 6-weeks with a 5-day per 

week program is not long enough in order to observe beneficial results in neuropathic pain, 

depression or bowel function. A third limitation would be the restricted use of food logs. Having 

food logs required for only 4 of the 10 weeks may not accurately reflect how adherent 

participants truly were to the eat and avoid list. Unfortunately, this is a common limitation 
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within dietary interventions, as more rigorous food logs can lead to inaccurate completions 

through participant burnout. Another limitation is that this study occurred during the COVID-19 

pandemic. Restrictions during the pandemic could have negatively, or positively affected 

regular exercise habits which may have confounded our results. Furthermore, there is evidence 

to suggest that isolation from lockdowns due to COVID-19 can have a negative impact on mood, 

which may have specifically confounded our depression measures (Rossi et al., 2020; Gloster et 

al., 2020). Finally, the Mad Dog Diet was presented to the participants as a scheduled diet with 

daily recipes, but also with an “Eat and Avoid” list so participants could substitute allowed 

foods into the diet when they wanted. Analysis of adherence via food logs showed that 

participants often made such substitutions which may have had a subtle effect on our results. 

Specifically, adherence based on the actual recipes was approximately 51%, while adherence to 

the ”Eat and Avoid” list was 93%. While we view the latter more meaningful, a much more 

detailed analysis of the micronutrients actually consumed would be necessary to determine if 

what people actually ate was deficient in a way that could have confounded our results.  

5.2 Future Directions  

This study produced promising results and identified areas that further research should 

investigate. Most importantly, the Mad Dog Diet was successful in producing reductions in fat 

mass, which have both functional and health benefits in individuals with SCI and MS. However, 

quality weight loss was not achieved as there was a concomitant loss in lean mass. Therefore, 

as mentioned, further studies should investigate the results of an anti-inflammatory diet paired 

with a consistent exercise regime to determine if quality weight loss can be achieved with the 

Mad Dog Diet. Furthermore, as mentioned, the forthcoming analysis of inflammation will help 
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to shed light on the efficacy of the Mad Dog Diet as an anti-inflammatory diet, and to 

determine the relationship between inflammation and the health outcomes we investigated. 

Namely, are these health outcomes resistant to change despite diet-induced decreases in 

inflammation, or was the Mad Dog Diet simply not anti-inflammatory enough to produce 

change? Although the participants in the current study adhered to the Mad Dog Diet very well, 

further research is always warranted in improving long term adherence. Our lab is currently in 

the process of initiating a study investigating the effects of a home-based dietary consult on 

long term adherence to the Mad Dog Diet. Finally, future studies with larger sample sizes will 

not only benefit from an actual control group, but larger samples will also allow recruitment 

based on those with very high symptomology (neuropathic pain, depression, bowel 

dysfunction, etc), such that there will be more room for improvement and the efficacy of the 

Mad Dog Diet will be more adequately determined.  

5.3 Conclusion 

The 6-week Mad Dog Diet, which entails 5 days per week of anti-inflammatory foods 

and no use of supplements, resulted in decreases in total mass and fat mass, both of which 

have functional and health benefits. However, a reduction in lean mass was also experienced 

which detract from the benefits of this diet. Contrary to our hypotheses and to previous anti-

inflammatory diet studies conducted in our lab, there were no effects of the diet on 

neuropathic pain, depression or bowel function. The forthcoming analysis of inflammation will 

determine if the 6-week diet was insufficient to reduce inflammation, or if these health 

outcomes are somewhat resistant to change despite reductions in inflammation. Future 
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research with larger samples is certainly warranted as the Mad Dog Diet was feasible, well 

adhered to and showed some promising health benefits.  
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Figures: 

Figure 1: The American Spinal Injury Association Neurological Exam 
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Figure 2: ASIA Impairment Scale (AIS) 
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Figure 3: Overview of Mad Dog Diet 

 

Overview of the Mad Dog Diet which consisted of 10 total days, each day consisting of 3 meals and 2 snacks.  
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Figure 4: Blank Adherence Calendar   
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Appendices: 

Appendix A: Types of Multiple Sclerosis (MS) 

Relapsing-remitting MS (RRMS) 

 

Secondary-progressive MS (SPMS) 
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Primary-progressive MS (PPMS)  

 

Progressive-relapsing MS (PRMS) 
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Appendix B: Recruitment Poster  
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Appendix C: Questionnaires   

 

The Bowel Management subset of the Spinal Cord Injury-Quality of Life questionnaire  

Bowel Subset 

In the past month: Not at all A little bit Somewhat 
Quite a 

bit 
Very 
much 

I worried about the odor associated with 
bowel accidents  

1 2 3 4 5 

Bowel accidents limited my 
independence 

1 2 3 4 5 

A bowel accident has affected my self-
esteem 

1 2 3 4 5 

I worried about performing my bowel 
program. 

1 2 3 4 5 

I was embarrassed by the odor 
associated with my bowel program 

1 2 3 4 5 

I was bothered by abdominal pain 1 2 3 4 5 

I worried I would have a bowel accident 1 2 3 4 5 

I was upset because of problems with 
my bowel functioning 

1 2 3 4 5 

I was frustrated by repeated bowel 
accidents 

1 2 3 4 5 

I was bothered by fluid or loose feces 
leakage 

1 2 3 4 5 

I was bothered by solid stool leakage 1 2 3 4 5 

My sex life was limited by bowel issues 1 2 3 4 5 

I worried that my social activities would 
be interrupted by a bowel accident 

1 2 3 4 5 

I worried that a bowel accident would 
disrupt my ability to work 

1 2 3 4 5 

 

 

 

 

 

 

 



 

65 
 

 

 

Bowel Subset 

In the past month: Never Rarely Sometimes Often Always 

I experienced a major inconvenience due to a 
bowel accident 

1 2 3 4 5 

I worried that I would have gas at an 
inappropriate time 

1 2 3 4 5 

My bowel care interfered with my sleep 1 2 3 4 5 

Bowel accidents have interrupted my daily 
activities 

1 2 3 4 5 

I wanted more information on option for 
bowel management 

1 2 3 4 5 

I had bowel accidents 1 2 3 4 5 

I was embarrassed that I needed a bowel 
program 

1 2 3 4 5 

I had to stop what I was doing because of a 
bowel accident 

1 2 3 4 5 

I spent a lot of time taking care of a bowel 
accident 

1 2 3 4 5 

My bowel program took 3 to 6 hours 1 2 3 4 5 

My clothing was soiled due to a bowel 
accident 

1 2 3 4 5 

I avoided going out in public because of my 
bowel program 

1 2 3 4 5 
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The Neurological Bowel Dysfunction Questionnaire  

The Neurogenic Bowel Dysfunction score – NBD Score1 
1. How often do you defaecate?   

 Daily (score 0)   
 2-6 times per week (score 1)  
 Less than once per week (score 6) 

Score 

2. How much time do you spend on each defaecation?   
 Less than 30 min. (score 0)   
 31-60 min. (score 3)   
 More than an hour (score 7) 

 

3. Do you experience uneasiness, sweating or headaches during or after defaecation?   
 Yes (score 2)   
 No (score 0) 

 

4. Do you take medication other than the study product (tablets) to treat constipation?   
 Yes (score 2)   
 No (score 0) 

 

5. Do you take medication other than the study product (drops or liquid) to treat 
constipation?   
 Yes (score 2)   
 No (score 0) 

 

6. How often do you use digital evacuation?   
 Less than once per week (score 0)   
 Once or more per week (score 6) 

 

7. How often do you have involuntary defaecation?   
 Daily (score 13)   
 1-6 times a week (score 7)   
 3-4 times a month (score 6)   
 A few times a year or less (score 0) 

 

8. Do you take medication to treat faecal incontinence?   
 Yes (score 4)   
 No (score 0) 

 

9. Do you experience uncontrollable flatus?    
 Yes (score 2)   
 No (score 0) 

 

10. 10. Do you have peri-anal skin problems?   
 Yes (score 3)   
 No (score 0) 

 

Total score (between 0 and 47)  

 
General satisfaction  
Please mark the scale with a cross (x) to represent your general 
satisfaction with your bowel management.  

(Total dissatisfaction = 0 / Perfect satisfaction = 10) 
 
 0   1   2  3   4   5   6   7   8   9   10 

Severity of bowel dysfunction  
Score 0-6: Very minor  
Score 7-9: Minor  
Score 10-13: Moderate  
Score 14+: Severe 
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Neuropathic Pain Questionnaire  
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The Center for Epidemiological Study – Depression Scale (CES-D) 
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Appendix D: Individual Data 

Due to the small sample size and wide variability amongst assessments, individual data is useful 
to provide insight on potential trends amongst participants or between SCI and MS. Participants 
are consistent throughout all individual data. For CRP measurements, labelling was removed on 
two participants so we were unable to confirm between participant 2 and 5 what their changes 
in CRP values were. 
 
  

SCI-QOL Individual Data 

 

NBD Individual Data  
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Total Mass Individual Data  

 

Total Lean Mass Individual Data 
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Total Fat Mass Individual Data 

 

Subcutaneous Fat Mass Individual Data  
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Visceral Fat Mass Individual Data 

 

Sensory Items Individual Data  
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Affective Items Individual Data 

 

Sensitivity Items Individual Data 

 

CES-D Individual Data 
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CRP Levels Individual Data  


