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Abstract 

 Physical activity, obesity, and bariatric surgery independently exert effects on cytokines 

related to inflammation. Less is known of the effect of a physical activity intervention on the 

cytokine profile of obese patients prior to undergoing bariatric surgery, particularly since the 

standard cytokine profile of a bariatric surgery candidate is not established. Indices contained 

within the cytokine profile may predict suitability for bariatric surgery and prognosticate long-

term outcomes. This thesis will examine the cytokine profile of 20 patients of the Centre for 

Metabolic and Bariatric Surgery in Winnipeg, Manitoba in addition to the effects of a 16 week 

pre-operative physical activity intervention for 7 of those patients. 

 The study recruited patients (n=26, BMI = 47.1 ± 6.2) from the Centre for Metabolic and 

Bariatric Surgery (CMBS) in Winnipeg, Manitoba between September 2017 and May 2018. A 

time-series quasi-experimental design was used to evaluate the effect of the intervention, which 

took place at the University of Manitoba's Active Living Centre. Outcomes measured included 

physical fitness, cardiovascular disease risk, mental health, and self-compassion measurements. 

The focus of this thesis will be to examine the effect of the intervention on several biomarkers 

found in tissue samples drawn at the baseline and 16-week time points. These measurements will 

include cytokines as measured via magnetic bead multiplex assay. 

 Significance was reached in several pre-post improvements of cardiovascular endurance 

and muscular strength as well as mental health, including the primary outcome of 6 minute walk 

test. Baseline cytokine profiles of 20 participants were comparable to demographically similar 

cohorts. Pre-post changes in cytokine profiles did not reach significance. Significant correlations 

were found between baseline and 16-week cytokine data and leg press and/or BMI. 
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The intervention effectively improved several measures of health and is generalizable to other 

pre-operative bariatric patients. The data can be used to inform the development of future 

physical activity trials for patients waiting for bariatric surgery.  
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Chapter 1: Literature Review 

1.1 What is Obesity? 

 Obesity is a chronic disease which may be defined as abnormal or excessive fat 

accumulation that may impair health, and/or a body mass index equal (BMI) greater than 29.9
1
. 

This condition affects approximately 1 in 4 Canadian adults
2
, and self-reported data indicates 

that rates of obesity in Manitoba (30.4%) are higher than that national average (23.1%)
3
. This 

prevalence contributes to the rising economic burden of overweight and obesity in Canada, 

which has been estimated as high as 11 billion dollars
4
. Along with the significant financial cost, 

it carries an even more significant individualized cost - obesity is the second leading cause of 

death in Western countries
5
.  

Table 1. Weight Classification by BMI
6
 

Weight class BMI (kg/m2) 

Underweight <18.5 

Normal weight 18.5-24.9 

Overweight 25.0-29.9 

Obese 

Class I 

Class II 

Class III 

 

30.0-34.9 

35.0-39.9 

40.0-49.9 

 

 Though questions have been raised about the validity of using BMI as a tool to define 

obesity (as it cannot distinguish between fat and fat-free mass), population-level research 

indicates that a very high BMI is actually a more accurate predictor of cardiovascular mortality 

than criterion measurements such as percent body fat or fat mass
7
. 
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1.2 Effects of Obesity 

 As defined by the World Health Organization, obesity delineates a risk of harm in 

addition to its categorization of weight
8
 although a growing body of research has identified a 

phenotype known as metabolically healthy obesity (MHO). However, there is a multitude of 

definitions for MHO ranging from an absence of dyslipedemia, hyperglycemia, and hypertension 

to those who have less than 2 metabolic syndrome components. As such, the proportion of MHO 

could be estimated between 6 and 60%
9
. Regardless of the initial estimate, 30-50% of MHO 

individuals will convert longitudinally to the unhealthy phenotype
9
 . The popular term "healthy 

at every size" may also be misleading, as there is a paucity of data concerning MHO in obesity 

classes II and above
10,11

. Consequently, the majority of obese individuals are indeed at risk for 

type 2 diabetes
12

, hypertension
12

, impaired bone metabolism
13

 and osteoarthritis
14

, stroke
15

, 

coronary artery disease
16

, left ventricular hypertrophy
17

, depression
18

, premature death
19

, and 

other chronic diseases. This collection of associated chronic conditions causes an incremental 

association between BMI over 30.0 and pharmaceutical costs, work absenteeism, short-term 

disability claim incidence, and Workers' Compensation claim incidence
20

. Most evidence 

indicates that these relationships are J-shaped curves, with the economic burden rapidly 

increasing with a higher BMI
20

.  

 

1.3 Causes of Obesity 

 Obesity is an excess of stored energy in the form of adipose tissue, which results in 

increased body weight. This is not to say that net caloric balance, or the adage of "energy in 

versus energy out" (while technically correct) is the sole determinant of obesity. Several risk 

factors for obesity have been identified, including hereditary factors and gut microbe profile
21

. 
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However, physiologic and genetic factors may not fully explain the burgeoning obesity rates - 

consideration must also be given to the context in which these profiles manifest. Contextual 

correlates for obesity include socioeconomic status, built environmental factors, lifestyle, social 

network, gender, age, culture, and food landscape
21

. It may be worthwhile to note that obesity in 

Canada is not as associated with low socioeconomic status as it may be in other countries
22

, and 

obesity is more prevalent in rural areas than urban. For example, obesity reaches a national low 

in urban British Columbia (5.3%) to a high in rural Northern Saskatchewan (35.9%)
23

. 

 

1.3.a Lifestyle and Physical Activity 

 Lower total energy requirements in activities of daily living are linked with higher rates 

of obesity
24

. This has become increasingly evident in Canada with the advent of technological 

advances resulting in an increasing number of sedentary desk jobs, while leisure-time physical 

activity remains constant
25

. With occupation-related and home-related physical activity's 

observed precipitous decline over recent decades, researchers have surmised that the weekly 

energy expenditure has declined with them
26

, with one estimation being that an average woman 

may be expending 868 fewer calories per week while an average man may be expending 980 

fewer calories per week. Lending further credence to this societal factor is that objective body 

weights measured by the National Health and Nutrition Examination Survey over a 30 year 

period were predicted by occupation
26

, and the prevalence of moderate-intensity physical activity 

occupations decreased from 48% in 1960 to 20% in 2008
26

. 

 These stagnating physical activity levels in the face of rising obesity rates are cause for 

concern, as physical activity has been shown to attenuate the association between sitting time 

and mortality in a general population
27

. Similarly, reduced exercise capacity is a strong predictor 
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of mortality
28

. Whether measured by body mass index, waist circumference, or percent body fat, 

obese individuals who are physically fit have strikingly better outcomes than their unfit peers. 

For example, in the most physically fit obese populations, all-cause mortality and cardiovascular 

disease risk is lowered to a level less than that of unfit lean subjects
29

. This protective effect may 

dissipate in severe cases of obesity. Large cohort studies thus far tend to include a limited range 

of body mass index, generally excluding populations in Class II obesity and above (>35). It is 

noted that more data is needed to draw conclusions about the effects of physical activity on 

individuals above this range (>35)
30

, or whether achieving good cardiorespiratory as measured 

by age-specific normative data is possible above a certain body mass index. Individuals with 

higher stages of obesity will face significant barriers to physical activity, which may include 

mechanical ventilatory constraints
31

, decreased mental health and quality of life
32

, and pain and 

progression in knee osteoarthritis
33

 (resulting in surgery to rectify the pain).   

 Most research examining the relationship between physical activity and health outcomes 

in obese populations focuses on cardiovascular fitness, but resistance training has a demonstrated 

role in maintaining or gaining lean muscle mass, which reduces risk of sarcopenia and its 

subsequent reduction in resting metabolic rate
34

. These health benefits are gained despite total 

body weight remaining unchanged or even increased by resistance training alone
35

. Resistance 

training combined with aerobic exercise may offer small incremental benefits to certain markers 

such as hemoglobin A1C
35

.  

 

1.4 Treatment of Obesity 

1.4.a Publically Available Interventions 
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 The two interventions which likely come to mind when considering weight loss are 

reduction in caloric intake and/or increase in physical activity. However, research dating back 

several decades
36,37

 shows that these interventions may result in an initial success in weight loss, 

followed by a gradual return to baseline - this holds true for individuals who are overweight or 

obese, with or without type 2 diabetes. Unfortunately, these unsuccessful attempts to lose weight 

may cause physiological change which further reduces the odds of losing weight
38

. Enter the 

weight loss industry, which has produced countless programs and tools purported to assist in the 

weight loss process, and is worth USD $72 billion in the United States alone
39

. These range from 

multi-level marketing (also known as a pyramid scheme) companies selling stomach wraps to 

accredited medical fitness facilities offering staff-led group interventions. Though these products 

present an overwhelming variety of methodologies, none has been shown to achieve clinically 

significant long-term weight loss. Definitions of clinically significant weight loss for obese 

individuals have evolved over recent decades, from a 1998 guideline recommending achieving a 

BMI under 30
40

 to the more recent 2013 recommendation by the National Institutes of Health to 

achieve 5% loss of body mass
41

. However, it should be noted that health benefits, including 

glycemic measures, may be possible with as little as 3% weight loss, and that more benefits will 

accompany increased weight loss
41

.  

 Commercial programs may include in-person group meetings, online support, and meal 

plans. Weight Watchers is the most widely-used program in this category. A 2015 review of 

randomized controlled trials examining Weight Watchers outcomes found a statistically 

significant but clinically insignificant weight loss at 6 months
42

, which is not a period of follow-

up lengthy enough to tout permanent weight loss success (12 months is a recommended 

minimum
41

). Jenny Craig, Atkins Diet and Nutrisystem programs have been found to have 
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similar results
42

. However, it should be noted that adherence is not objectively tracked in the 

majority of these, and other, similar weight loss intervention studies. 

 Meal replacements such Medifast, Optifast and HMR show stronger effects in the short-

term but their effects are attenuated within 12 months and are then comparable to the 

interventions listed above
42

. 

 Intermittent fasting is a weight loss technique whereby individuals deliberately restrict 

caloric based on a predetermined schedule, such as eating nothing for 24 hours, and then eating 

ad libitum for 24 hours. One randomized controlled trial reports this technique to evoke a 50-

100% improvement in the total cholesterol of individuals who are obese
43

. As with most novel 

weight loss interventions, there is a large amount of anecdotal evidence supplied in support of 

this method yet there is a paucity of randomized controlled trials studying the effects of 

intermittent fasting on humans, let alone any greater than 12 months in length
44,45

. 

 Ketogenic diets, which severely restrict dietary carbohydrate intake but allow free 

consumption of protein and fat, have a beneficial effect on weight loss when properly integrated 

into a long-term lifestyle rather than used as a short intervention. This method can reduce caloric 

intake while suppressing feelings of hunger
46

. Several reviews focusing on people who are obese 

found that a ketogenic diet was sustainable, lead to improved mood
47

, and also had therapeutic 

effects including reduced LDL and triglycerides, increased HDL and other reduced 

cardiovascular risk factors
48,49,50

. It also has beneficial effects for individuals with type 2 

diabetes
48

. Individuals may have several barriers to adherence in this diet (as with all other diets), 

including socioeconomic status, availability of ingredients, motivation, and perceived 

unpalatability. 
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 The Biggest Loser is one of several television shows documenting idealized, intense 

weight loss journeys in which participants are aided by prepared low-calorie meals, motivational 

competition, and highly demanding exercise programs. A 6 year longitudinal study
51

 followed 

subjects who previously participated in The Biggest Loser, and found that while 9 of 14 subjects 

had kept some weight off (while the other 5 were near or above their pre-competition weight), 

the resting metabolic rate of all participants had decreased by 704 ± 427 calories. This study 

illustrated the potential for persistent metabolic adaptation with contemporaneous unhealthy and 

rapid weight loss. 

 Several prescription drugs such as orlistat, lorcaserin and liraglutide are approved for 

short- or long-term treatment of obesity. Mechanisms of action for such drugs may include 

uptake inhibition of catecholamines, serotonin, or more than one neurotransmitter
52

. Orlistat is 

unique in its contribution to weight loss, and blocks approximately one-third of fat absorption. 

Although these drugs may result in modestly effective weight loss, common side effects 

including gastrointestinal disturbances, insomnia, cognitive problems, and elevated heart rate 

contribute to their limited long-term desirability
21

.  

 

1.4.b Bariatric Surgery 

 Bariatrics is the branch of medicine which studies and treats obesity, while bariatric 

surgery refers to surgical modification of the stomach or intestine and is indicated by the 

National Institutes of Health (NIH) for patients who have a BMI over 40 (or over 35 with 

comorbid conditions) and for whom other treatments have failed
52

. Unlike commercial products, 

or physical activity and nutrition interventions performed in isolation, bariatric surgery elicits 

clinically significant weight loss results. Patients in Manitoba undergo a type of bariatric surgery 



8 
 

known as Roux-en-Y Gastric Bypass (RYGB), a restrictive and malabsorptive procedure in 

which a small pouch (15-30 ml) is created from the stomach, and then attached to the small 

intestine (length 100-150 cm) after bypassing the majority of the stomach and duodenum
53

. This 

connection, or anastomosis, between the stomach pouch and duodenum is beneficial both 

because of the reduced stomach space, and reduced fat absorption in the bypassed duodenum 

segment. Though its popularity has been overtaken in the United States by sleeve gastrectomy (a 

procedure which results in comparatively less weight loss at the two year time point
54

) as of 

2013, RYGB remains the standard offering in Canada
55

. RYGB assists subjects in successfully 

losing and keeping off 20-30% of their body weight in the short-term
53

 and a reduced but still 

clinically significant amount after 10 years
56

. Therefore, it stands as the most, and perhaps only, 

method of eliciting clinically significant weight loss which can be maintained in the long-term.  

 

1.5.a Adipose Tissue and Adipocytes 

 With similar total body fat percentages, an individual with increased visceral fat mass 

will be at higher cardiometabolic risk than an individual with increased subcutaneous fat mass
57

. 

However, removal of this visceral fat via liposuction does not necessarily improve an 

inflammatory profile
58

, thus suggesting that factors other than the simple presence of fat itself 

account for the associated effects of obesity. 

 This presence of adipose tissue (whether measured as weight, waist circumference, or 

skinfolds) was historically the main focus in obesity research exploring the relationship to 

cardiovascular and metabolic outcomes. However, contemporary research delves deeper into why 

adiposity has these effects. Is there a quantifiable explanation why caloric intake is deregulated? 

Does excess weight in itself lead to type 2 diabetes, dyslipidemia and hypertension? Much of the 
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discussion in the area now focuses on the adipose tissue itself, and the bioactive molecules 

known as adipokines it produces. Adipokines are a specific type of cytokine, which is a broad 

category of peptides involved in cell signaling during both healthy and pathological states.  

These molecules, cytokine and adipokine alike, affect metabolic processes including satiety, 

insulin sensitivity, and inflammation
59,60

. The origin of a cytokine does not necessarily predict its 

function. For example, adipocytes produce both pro-inflammatory (IL-6) and anti-inflammatory 

(adiponectin) adipokines
61

. Cytokines may also be pleiotropic. For example, when IL-6 is 

expressed as a myokine (a cytokine released from muscle) it has an anti-inflammatory effect, as 

opposed to its pro-inflammatory effect when expressed as an adipocyte
62

.  

 Adipose tissue can be differentiated by type and by location. White adipose tissue is the 

main form of energy storage in humans. When available carbohydrates are insufficient to supply 

the body's needs, lipids are mobilized through the process of lipolysis and these stores are 

depleted
63

.  Conversely, white adipose tissue cells will increase in size and number from excess 

energy intake. White adipose tissue is metabolically active, influenced by the sympathetic 

nervous system and capable of releasing  hormones which may subsequently affect further 

metabolic and inflammatory processes
64

. Brown adipose tissue assists thermoregulation, and is 

most abundantly present in infants. Its quantity decreases with age although some conditions 

may cause further production of brown adipose tissue
65

 

 Fat location is traditionally described in terms of either visceral adipose tissue or 

subcutaneous adipose tissue. Visceral adipose tissue may also be referred to as abdominal or 

central obesity. Accumulation of visceral fat is associated with pathological conditions including 

insulin resistance, several cancers, and prolonged hospital stays
66

. Though visceral adiposity 

tends to increase with age, the amount of visceral adipose tissue relates to the magnitude of 
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health risk
67

. Subcutaneous adipose tissue poses relatively lower health risk, and may be more 

metabolically healthy. For example, subcutaneous adipose tissue may produce a more favorable 

ratio of interleukin-6 and tumor necrosis factor α
68

. Recent research also suggests that visceral 

and subcutaneous adipose tissues do not express the same patterns of adipokines
69

. 

 Adipose tissue transplants improve adipokine profiles and effectively treat type 2 

diabetes in mice
70

; however, no similar treatment has been tested in humans. Known methods of 

ameliorating adipokine levels in humans includes an improvement in diet, weight loss, 

therapeutic administration, or physical activity - the latter of which will be the focus of the 

intervention central to this thesis. 

 

1.5.b Rationale for adipokines and other molecules measured in this study 

 This section comprises a brief discussion on the analytes selected for measurement in this 

thesis, followed by a summary of their characteristics in Table 2. Eight of the 9 analytes are 

cytokines, which as described above are a broad category of substances which are secreted by 

certain cells to act on other cells. Adipokines (secreted by fat cells) and myokines (secreted by 

muscle cells) are types of cytokines of interest in the area of bariatric medicine and physical 

activity, two fields which intersect in this intervention. 

 The study of adipokines was birthed by the discovery of leptin in 1994, which linked a 

hormone produced by adipose tissue (known as an adipocyte) to food intake and energy 

expenditure
71

. Leptin remains a target of research in obesity, as its properties include increase of 

anorexigenic (appetite inhibiting) and decrease of orexigenic (appetite stimulating) peptides in 

the hypothalamus
72

. In what might seem a paradox, obesity is associated with high leptin 

levels
73

. This may be due to obesity increasing the body's leptin resistance
74

. More recently, it 

has been suggested that leptin's roles include signaling energy deficiency in the brain, and so 
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while leptin therapy appears to have no use to combat obesity
75

 it may have a beneficial role for 

individuals who have already begun losing weight. Leptin therapy to treat the weight-loss 

induced condition of relative leptin insufficiency
76

, including after roux-en-y gastric bypass 

surgery, has been shown to result in reduction of sensitivity to food cues and maintenance of 

energy expenditure
77

. 

 With the discovery that adipose tissue is a metabolically active endocrine organ and 

capable of crosstalk with several other systems
78

, research sought to determine the role of its 

other secretions, of which there are more than 600
79

. Many of these 600 adipokines exert effects 

on insulin resistance (e.g. adiponectin, leptin, retinol binding protein-4), inflammation (tumor 

necrosis factor alpha, monocyte chemoattractant protein-1, resistin) and cardiovascular risk 

factors (e.g. visfatin, serum amyloid A-3, pentraxin-3)
80

. Adiponectin, discovered in 1995, is an 

example of an anti-inflammatory, insulin-sensitizing adipokine, notable for its status as the most 

abundant protein secreted by white adipose tissue
81

. 

 Interleukin-6 and tumor necrosis factor alpha are additional pro-inflammatory cytokines 

included in this study. The effects of bariatric surgery on these 2 molecules are unclear
82

, though 

their increase in the presence of both aerobic exercise and obesity is established
83,84

. Apelin is an 

adipokine whose plasma levels increase with obesity and decrease following roux-en-y gastric 

bypass surgery
85,86

. Though not detailed in Table 2, it is notable that a meta-analysis has found 

evidence that depression may also elevate proinflammatory cytokines
87

. 

 Inclusion of myokines in the analysis was indicated as an additional lens through which 

to examine the relationships of obesity and physical activity, as the thesis intervention was to 

include measurements of muscular strength and endurance. As noted earlier, myokines are a 

bioactive molecule that are released when myocytes contract. The characteristics of an individual 
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who is obese as they relate to skeletal muscle are unique: they may have a significant quantity of 

absolute lean body mass, particularly in the lower body, but a relatively lower percentage of lean 

body mass due to obesity. Furthermore, the high rates of sedentary behavior in individuals who 

are obese
24

 may cause altered myokine response
88

. As such, two myokines will be measured in 

this thesis. Secreted Protein Acidic and Rich in Cysteine (SPARC, also known as osteonectin) 

and Irisin are the 2 myokines included in the analysis.  

 SPARC may be a somewhat novel measurement in the context of this study. SPARC is 

associated with insulin resistance and obesity, and its secretion is increased by leptin
89

. It is 

established that SPARC will increase with both acute and chronic aerobic exercise, but may 

decrease significantly with an 8 week weight loss regime
90

. The effects of physical activity on 

SPARC in individuals who are obese may yield further insight into the benefits, and potential 

drawbacks, of different types of physical activity in this population.  

 Irisin is a particularly relevant myokine, as its interactions with obesity, and especially 

bariatric surgery, are poorly understood. Maintaining or increasing irisin levels pre-operatively 

through physical activity may ameliorate long-term weight maintenance due to irisin's role in 

energy expenditure. This is salient for bariatric surgery patients, as most significant weight loss 

journeys will inevitably involve loss of lean body mass (though significantly less so if the patient 

is physically active)
91

. 

 The majority of targeted cytokines may be described as adipokines because they are 

secreted by adipocytes. However, none of the targeted cytokines are exclusively secreted by 

adipocytes. Even leptin is secreted by other tissues, including hepatocytes and enterocytes
92

. 

Conversely, IL-6 and irisin, frequently examined as exercise-induced myokines, are also secreted 
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to a lesser degree by adipocytes
62,93

. It may therefore by disingenuous to refer to any of the 

analytes exclusively as either an adipokine or myokine.   

 As measured by the analytes described above, the effect of a pre-operative physical 

activity program for bariatric surgery candidates may provide insight into the health benefits of 

improvement of physical fitness in the absence of significant weight loss. Their relationships, 

which are broadly established in the contexts of obesity, inflammation, physical activity, and 

remission of type 2 diabetes, are a clinically relevant tool with which long-term health outcomes 

may be prognosticated with or without bariatric surgery. Such data may also elucidate the 

relationship between these measurements pre- and post-bariatric surgery, of which there is a 

paucity of longitudinal data. Understanding the long-term effects of these markers may assist in 

the development of more extensive pre- and post-bariatric surgery quality indicators.  
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Table 2: Biomarkers analyzed in thesis            ↑ Increases        ↓ Decreases         ↔ Unchanged 

Molecule 

Name and 

type 

Description Effects from exercise Relation to obesity Effects from roux-en-y 

gastric bypass surgery 

Leptin 

 

Adipokine 

Hormone produced by adipose 

tissue (and other organs). Acts on 

central nervous system to suppress 

food intake and increase energy 

expenditure through 

cardiovascular system and brown 

adipose tissue 
92,94

 

↓by aerobic
95

 

↔ by strength 

training
96

 

Positively correlated 

with body fat mass 

and body mass 

index
92

, exercise-

related decreases more 

significant with lower 

body fat
95

 

Very strong evidence 

showing ↓ 
97

 

Interleukin 1 

beta (IL1β) 

 

Adipokine 

Cytokine which has an overall  

pro-inflammatory effect, and 

which may also have a role in 

neurophysiological process of 

anxiety
98

 

↑ by aerobic
99

 

↑ long-term up-

regulation
100

 

↑ levels in obese 

individuals 
83

 

↓ by RxY
101

 

Apelin 

 

Adipokine 

 

Peptide secreted by adipose tissue, 

considered an adipokine
102

. 

Expressed  in several systems 

including digestive, osseous, 

muscular. Has effects on blood 

pressure
103

, food intake, muscle 

hypertrophy
104

. 

↓ by aerobic 

program
105

, though it ↑ 

acutely in healthy 

subjects doing maximal 

exercise
106

. 

 

↑ levels in obese 

individuals
102

. 

↓ by RxY
85
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Molecule 

Name and 

type 

Description Effects from exercise Relation to obesity Effects from roux-en-

y gastric bypass 

surgery 

Monocyte 

chemoattractant 

protein-1 (MCP-

1/CCL2) 

 

Cytokine 

Chemotactic cytokine 

produced by many cell types. 

Regulates migration of 

monocytes and memory T 

cells, may have use in 

treatment for atherosclerosis, 

insulin-resistant diabetes
107

 

↑ by aerobic
108

 

↓ by strength training
109

 

↑ levels in obese 

individuals
110

 

↓ as soon as 3 months 

post-op
111,112

 

Interleukin 6 (IL-6) 

 

Cytokine 

Pro-inflammatory cytokine 

and anti-inflammatory 

myokine. Influences immune 

response, energy metabolism 

in muscle and fat and 

osteoclast formation 

↑by aerobic (up to 100 

fold). Produced by 

muscle fibers during 

exercise
113

. 

↑ by strength training 

Positively correlated 

with, percentage body 

fat
84

, waist circumference 

and BMI in children as 

young as 3
114

. 

Effect is unclear
82

 

Tumor necrosis factor 

alpha (TNF-α) 

 

Cytokine 

Regulates activation of 

macrophages and mediates 

inflammatory response. Pro-

inflammatory and promotes 

insulin resistance
100

 

↑ by aerobic 

↔ by strength training 

(changes depending 

whether sample is 

taken from plasma or 

muscle)
100

 

↑ levels in obese 

individuals 
83

 

Effect is unclear
82

 

Osteonectin/Secreted 

protein acidic and 

rich in cysteine  

 

Myokine 

Myokine which reduces fat 

accumulation, inhibits 

adipogenesis and aids 

glucose metabolism
90

. May 

induce skeletal muscle 

atrophy
115

. 

↑ acutely by aerobic 

↑ chronically by 4 

weeks of aerobic 

training
116

 

↑ levels in obese 

individuals, can decrease 

significantly within 8 

weeks
89

. 

There appears to be no 

data. 
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Molecule 

Name and 

type 

Description Effects from exercise Relation to obesity Effects from roux-en-

y gastric bypass 

surgery 

Osteocalcin 

 

Protein 

 

 

Produced solely by bone. 

Involved in regulation of 

energy homeostasis and has 

some demonstrated 

association with 

inflammation
117

. Inversely 

related to IL-6
118

 

↑ acutely by aerobic 

exercise  

↔ by strength 

training
119

 

↓ levels in obese 

individuals
118

 

↑ by RxY
120

 

Irisin 

 

Myokine 

Exercise-induced 

adipomyokine that may 

stimulate browning of white 

adipose tissue, glucose 

uptake in skeletal and cardiac 

muscle
121

. 

Unclear which type of 

exercise produces most 

↑
122,123

. Neither has 

been shown to ↓. May 

be ↑ with habitual 

physical activity
124

. 

Unclear
124

. Few studies exist. One 

n=12 found that irisin↑ 

for 8 and ↓ for 4
125

. 
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1.6 Manitoba's bariatric surgery program and Statement of the Problem 

 A detailed description of the patient flow through the Centre for Metabolic and Bariatric 

Surgery (CMBS) is provided in the Methods section. Briefly, patients in Manitoba are eligible 

for publicly funded bariatric surgery if they meet the NIH criteria described in 1.4.b. After entry 

into the program, patients will attend an information seminar, followed by a multidisciplinary 

evaluation by a nurse, kinesiologist, dietitian, and psychologist where a combination of 

standardized and individualized goals are set. Patients receive ongoing care prior to surgery 

wherein they will meet with these specialists two to four times over a six month period.  

 As discussed in 1.3.a., pre-operative physical activity levels are an important predictor of 

both short- and long-term success following surgery. Physically active patients will see greater 

likelihood of metabolic benefit from the retention of lean body mass during weight loss, fewer 

perioperative complications, resolution of pre-existing chronic disease, increased function, and 

long-term weight loss and maintenance
126

. Although pre- and post-operative physical and 

lifestyle management programs are recommended by the American Society of Metabolic and 

Bariatric surgeons
127

, there is no standardized model of providing either type of physical activity 

support to patients in Manitoba. Due to a standard 18 month wait time for surgery and the 

substantial interim healthcare costs of obesity, the development of an upstream program to build 

patients' physical activity skills and self-efficacy is worthwhile. Based on this rationale, a pilot 

project for a physical activity program (ENCOURAGEing Start) was developed from 2016-2018 

in partnership between the University of Manitoba and the CMBS. The goal was to calculate the 

sample size needed to demonstrate a statistically significant effect size for outcomes including 

the six minute walk test in a larger project. 
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 This thesis, using data collected prior to and after the physical activity intervention that 

was conducted, will analyze the cytokine profile of patients at two time points. The baseline data 

of all patients who completed both physical function and blood sample baseline appointments 

will be used to measure a baseline cytokine profile of patients in the pre-surgical program. The 

16-week data of all patients who completed  both physical function and blood sample baseline 

and appointments and both physical function and blood sample 16-week appointments will be 

used to discuss the effect of the physical activity intervention.  
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Chapter 2: Methods 

2.1 Overview 

This thesis will focus on data collected during the ENCOURAGEing Start (ES) intervention, 

which was a time series quasi-experimental design used to determine the effects of a 16 week 

pre-operative physical activity program on musculoskeletal fitness, cardiovascular health, mental 

health, and quality of life of bariatric surgery candidates. The overall study's primary outcome 

was the 6 minute walk test. This chapter will begin by describing the care map of the CMBS, its 

involvement with ENCOURAGEing Start, and the intervention structure. Following this 

overview is a description of the unique components of this thesis, which analyzes the adipokines, 

myokines and cytokines of the study participants using data collected at baseline and the 16 

week time point (Table 7). Transparent Reporting of Evaluations with Nonrandomized Designs 

(TREND) guidelines were followed in the reporting of baseline and 16-week data. The study 

protocol was approved by the University of Manitoba's Health Research Ethics Board. 

 

2.2 Existing CMBS framework 

 To better delineate the recruitment process and methodology for this study, it is 

appropriate to first discuss the existing framework of the program from which the participants 

were recruited - the Winnipeg Regional Health Authority's Metabolic and Bariatric Surgery 

Program, established in April 2012 at Victoria General Hospital (VGH) in Winnipeg, Manitoba. 

The structure of the existing CMBS pre-operative care pathway begins with a referral from a 

medical doctor into the program (Figure 1). The wait to enter the program may be as long as 18 

months. After entering the program, patients first attended a group information seminar led by 

the CMBS team where the requirements and expectations of the program were described. 

Patients were given a client information book which contains information on bariatric surgery, 
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potential complications, the hospital stay, and diet changes before and after the surgery. These 

seminars typically occurred monthly with a new group of incoming patients. 

 



21 
 

Figure 1. Pathway into the CMBS program 

 

 

 

 

 

 

 

 

 

 

 

 

  

 Patients then began a series of personalized follow-up appointments with the CMBS team 

at intervals of approximately 3 months (Figure 2). Practitioners on the CMBS team assisted 

patients in their efforts to match their pre-surgical requirements such as increased physical 

activity or participation in the Craving Change
©

 program. If participants were deemed to have 

met these requirements at the time of the second appointment, they were booked into surgery as 

soon as 4 weeks later after a surgeon consultation. Otherwise, patients attended a third 

appointment wherein a failure to meet pre-surgical requirements resulted in discharge from the 

program. 
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Figure 2. Structure of CMBS pre-surgical appointments 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3 Development of the ENCOURAGEing Start program 

 As described in the literature review, an enhanced physical activity component may 

provide benefit to the pre- and post-surgical patient outcomes of the CMBS program. As such, 

development of ENCOURAGEing Start began in Summer 2016 with initial consultation between 

CMBS and University of Manitoba's Faculty of Kinesiology and Recreation Management to 

establish an intervention to support physical activity in patients waiting for roux-en-y gastric 

bypass surgery. Site visits were made to Victoria General Hospital beginning in September 2016 

to observe the group seminar, discuss the existing program, and meet in a round-table format 

several times with the CMBS team to discuss what type of content might be most needed for the 

Group Seminar 

(Month 0) 

Ineligible for surgery due to 

failure to meet criteria. 

Patient discharged from 

program. 

Initial appointment with 

CMBS team 

Second appointment 

(Approx. month 3) 

Third appointment 

(Approx. month 6) 

Patients meets criteria for 

surgery, surgery may occur 

within 2 weeks 
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ES program. Finally, drafts of the program content were shared and discussed in a series of 

meetings taking place both at VGH and FKRM. Individuals involved in the process are detailed 

in figure 3. 

 

Figure 3.ENCOURAGEing Start development team 

 

 

 

 

 

 

 

 

 

 

 

 This study was informed by a previous randomized controlled trial by Kwok which took 

place between July 2014 and October 2015 with a similar cohort of pre-operative patients from 

CMBS
128

. The study had participants meet at another local gym three times per week for two 

weeks with a kinesiologist trainer, followed by ten weeks where the participants were 

responsible for achieving the physical activity prescriptions set by the trainer. Kwok's 

experimental group showed no difference in most measures, including objective weekly physical 

activity as assessed by waist-worn accelerometer. Inherent weaknesses to the design may have 

been the lack of structured social interaction, brevity of the introduction phase, lack of variety, 
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and a rigidity to the strength training prescription that may have held participants back from 

greater rates of progression back during this introductory phase of resistance training (as 

prescriptions for the entirety of the 12 week intervention were derived from baseline 1 repetition 

maximum). 

 

2.4 Content of intervention 

 The ENCOURAGEing Start intervention was created by a Canadian Society for Exercise 

Physiology Certified Exercise Physiologist (CSEP-CEP) in consultation with CMBS staff. A 

brief overview of the program is described in Table 3. Safety and emergency guidelines 

developed for this intervention can be found in Appendix F. 
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Table 3. Overview of intervention structure 

 Structured components Unstructured components 

Weeks 1-8 Tuesday: one session of walking 

program integrating discussion and skill 

development 

Thursday: one session of instructor-led 

structured exercise. Type of exercise 

changes weekly to provide participants a 

cross-section of what programs are 

available in community (i.e. cardio 

machines, yoga, recreational sports) 

Weekly: Homework assignments 

Every two weeks: educational seminar 

Membership to University 

gym which includes access to 

equipment, track and pool as 

well as group fitness classes 

Week 9-16 Tuesday: window of time where 

instructor is available to assist 

participants or answer questions in 

person (optional) 

Every two weeks: contact in-person or 

by phone/email between instructor and 

participant to maintain motivation and 

assist as needed 

Membership to University 

gym which includes access to 

equipment, track and pool as 

well as group fitness classes 
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 Weeks 1-8 - Active Living Center membership 

 Patients were given an access card to the Active Living Center that offered the same 

benefits as a full membership for the duration of the program. The instructor educated patients on 

several free features that could be used with this card including a pool and fitness classes 

(including aquacize and stretch).  

 

 Weeks 1-8 - Tuesday "Walk and Talk" program 

 Walk & Talk is designed to promote social support and behavior modification while 

gaining the added health benefits of moderate-intensity exercise with short bouts of vigorous 

intensity exercise. In short, patients walked in pairs on a track while discussing relevant health- 

and physical activity-related topics (Table 4), engaged in "checkstops" wherein they interact 

with the instructor, learned or demonstrated a skill, did an exercise, or discussed a question in 

more depth. An example of a checkstop might be learning how to measure exercise heart rate, 

and then seeing if the speed of a regular lap puts the patient in a moderate-intensity heart rate 

zone. A later example might be selecting descriptors (e.g. done alone, learn a skill, free) from a 

series of cards and identifying a physical activity that matches these descriptors. Each exercise 

session contained two checkstops. Patients were provided a list of themed questions for each 

session, although patients were informed that they could organically create their own health-

related topics.  
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Table 4. Sample Walk & Talk questions 

Week 1: Walk & Talk question prompts 

Briefly describe yourself to your partner – 

perhaps a bit about your job and family 

situation – and then share an interesting fact! 

 

Are there people in your life who would 

benefit from you adopting a healthier lifestyle, 

or who already benefit from your current 

healthy lifestyle? In what way? 

 

When it comes to your overall health, what are 

some aspects you are satisfied with? What are 

some aspects you wish were better? 

 

To what factors do you attribute your current 

health? 

 

How does managing your health connect to 

what you consider to be important in life? 

 

Share an example of a personal success. This 

can be anything from learning to do home 

renovations to overcoming shyness and taking 

a dance lesson! 

 

What compelled you to attend this program? 

 

In what way would improving your health 

benefit the aspects of your life you value? 

 

In your day-to-day life, in what ways do you 

feel strong and capable? In what ways do you 

feel challenged? 

 

What is a source or sources of motivation for 

you to become more active? 

 

 

 

 Patients were encouraged to do a "hot lap" after both partners had fully answered each 

question. This was described as a higher-intensity, non-conversational lap where the patient 

would feel that they were working hard. It was identified in the first week of the intervention that 

some patients may be uncomfortable walking on the track for an hour, as there were no benches 

or chairs to rest nearby. Consequently, patients were encouraged to use stationary bikes or 

elliptical machines if they felt more confident. In this case, they were asked to visit the instructor 

15 minutes and 45 minutes into the session for their checkstops. 
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 Weeks 1-8 - education seminar 

 In weeks 1, 3, 5 and 7 of the program, patients participated in a larger group discussion in 

a non-active setting. This included sharing stores, an educational component from the instructor, 

and guided discussion. One example is the topic of connecting to local physical activity 

resources that was done in week 7.  

 

 Weeks 1-8 - homework 

 Homework was given to patients in most weeks, and was presented to them on 

Thursdays. These assignments always tied into questions for the next week's Walk and Talk 

session. Examples of homework include one week of tracking physical activity, setting a 

SMART goal, coming to the Active Living Center on their own, or identifying different types of 

social support in their life. 

 

 Weeks 1-8 -Thursday mixed activity sessions 

 Participants engaged in a variety of physical activity on the Thursday sessions, which was 

designed to offer an approximation of what programs they could find in the community and 

lower future barriers of intimidation and knowledge. Scheduling of external instructors and space 

availability dictated slight differences between the three cohorts, but examples included a Zumba 

class, a yoga class, resistance training circuit, a spin class, and recreational sports such as 

badminton and floor hockey.  
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 Weeks 9-16 - open time with instructor, and option to participate in other cohorts'  

 programming 

 The instructor was accessible on Tuesday for a one hour period prior to the scheduled 

Walk and Talk time for weeks 1-8 of the following cohort. No structure was given to this 

meeting, but patients were informed that they could use the time for whatever they wished. 

Examples of what patients discussed with the instructor included a refresher on exercise 

machines, and a discussion about barriers to healthy living stemming from the patient's 

employment. Patients were informed that they were able to join in the next cohort's Walk and 

Talk sessions, education seminars, and Thursday activities.  

 

 Weeks 9-16 - membership to Active Living Center 

 Membership benefits, including gym membership and fitness classes, continued until the 

end of the program. 

 

 Weeks 9-16 - phone call or email follow-ups 

If a patient had not met with the instructor in the open time for more than 2 weeks, the instructor 

reached out to the patient to inquire whether any assistance was needed.  

 

2.5 Integration of ES referrals into CMBS pre-surgical program 

 A one-page information sheet and consent-to-contact form for ES (Appendix C) were 

added to the package received by the patients at the CMBS group information seminar. Patients 

were able to read this one-page summary of the study and return the signed consent-to-contact 

form to CMBS alongside the standard paperwork if they were interested in participation in ES. 
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The information sheet also contained a contact number for the ES Intervention Coordinator, 

which patients were told they could call for any study-related questions. The CMBS 

Kinesiologist was familiar with ES and was available to answer questions at patient 

appointments as well. Patients were provided the incentive of a 16 week membership to a fitness 

facility (Active Living Center) and access to an exercise specialist (the ES Intervention 

Coordinator). No direct financial incentive was provided. 

 The CMBS Clinic Coordinator passed any signed consent-to-contact forms to a Research 

Coordinator, who then passed the information to the Intervention Coordinator monthly via in-

person delivery at the University of Manitoba Active Living Centre. As such, this was a self-

selected cohort of patients whose eligibility was established by their presence in the CMBS 

program. 

 

2.6 Sample size and participant assignment methods  

 ENCOURAGEing Start targeted recruitment of 48 patients, as it was determined that this 

would provide sufficient power for the primary outcome (six minute walk test) for the overall 

study. This was based on a conservative sample size calculation (two-tailed, 90% power) and a 

dropout rate of 40%. Three cohorts were planned to support recruitment feasibility (e.g.: number 

of patients attending CMBS seminar, and Faculty of Kinesiology & Recreation Management 

resources). Patients were assigned into the next available cohort (Table 5) once the baseline 

appointment was completed. 

 My thesis will examine biomarker data from the ENCOURAGEing Start intervention 

participants, therefore it is limited to the sample recruited for the original purpose.  
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Table 5.Number of participants in each ENCOURAGEing Start cohort 

 Cohort start date Participants who completed 

baseline appointment and entered 

cohort 

Cohort 1 Nov. 21 2017 6 

Cohort 2 Feb. 13 2018 9 

Cohort 3 May 1 2018 11 

  

 Participants were entered into the next available ENCOURAGEing Start cohort due to 

the structure of the CMBS program. As the participants spent more time in the CMBS program, 

they moved closer towards a potential surgical date, which would necessitate withdrawal from 

ENCOURAGEing Start and eliminate the opportunity for 8-week and/or 16-week data collection 

(Figure 4). Even so, several participants dropped out of the study due to receiving a surgery date 

(Figure 5), which itself may reflect positively on the effect of the intervention. Participants who 

underwent surgery while participating in ENCOURAGEing Start were permitted to attend 

ENCOURAGEing Start and use their gym membership post-recovery during the remaining 

portion of the 16 weeks. Neither participants nor research and intervention staff were blinded, 

and all participants were aware that they were participating in a novel intervention beyond the 

standard of care. 
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Figure 4.Overlapping timelines of CMBS and ENCOURAGEing Start programs 
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Figure 5.Participant allocation information using CONSORT guidelines
129
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2.7 Data Collection 

 Both the data collection appointments and intervention itself occurred in the University of 

Manitoba Active Living Center. Though the majority of the building is occupied by a gym space, 

the Applied Research Center subsection is comprised of several quiet and private rooms suitable 

for the nature of testing and discussion inherent to the study. The building also contains a blood 

lab that was used for the collection of samples. The sum of data collection methods listed below 

constitute the ENCOURAGEing Start protocol.  

  

Blood draws 

 One day before blood was drawn, patients were given a reminder call by a team member. 

During the call, patients were reminded to fast beginning at midnight, take medications as 

normal, and avoid smoking, tobacco, and exercise that morning. Patients reported to the ALC in 

the morning between 6:30 AM and 10:00 AM for blood draws. Samples were drawn by a trained 

Phlebotomist into 2 x 8mL lithium heparin vacutainers. Samples were centrifuged at 1,600g for 

15 minutes at 4
o
 C less than half an hour after collection. Supernatant was pipetted into labeled 

plastic serum sample tubes and stored at -80
o
 C prior to analysis.  

 

Anthropometric measurements 

 Height and weight were taken at the start of each appointment. This was followed by 

circumference measurements of the neck, waist, and hips. The landmarks below were used to 

standardize the anthropometric measurements. 

 

 

 



35 
 

Table 6.Landmarks for anthropometric measurements of obese patients, CMBS  

 Neck Waist Hip 

 

Location 

Midway of the neck 

**Men: Below Adams 

Apple 

Midway between the lowest 

rib and upper iliac crest 

**Usually at level with 

belly button 

At the femoral 

(greater) trochanter 

**Largest part of the 

buttocks 

 

Measure 

Start at the front of the 

neck, wrap around back 

to the start, take 

measurement 

Wrap the tape measure 

horizontally around the 

waist 

**Measure at the end of a 

gentle expiration 

Wrap the tape 

measure horizontally 

around the largest 

part of the buttocks, 

take measurement 

Adapted from Ben-Noun, Sohar & Laor (2012).Neck circumference as a simple screening 

measure for identifying overweight and obese patients. Obesity Research, 9 (8), pp: 470-477 

 

 Weight, percent body fat and skeletal muscle mass were measured using an InBody 720 

bioelectrical impedance analysis device. Before the test, individuals were instructed to use the 

bathroom if possible, and had been standing for several minutes during the circumference 

measurements described above. 

 

Cardiovascular measurements 

 Measurements of blood pressure were taken throughout the appointment. Large artery 

elasticity assessment and small artery elasticity assessment were taken once during the 

appointment. The measurement device used was the HD/PulseWave
TM

 CR-2000 Research 
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CardioVascular Profiling System (Profiler) from Hypertension Diagnostics. This device is 

indicated for use in research-grade measurement of both blood pressure and arterial elasticity in 

human subjects. Measurements captured by this device are reproducible, with one study finding 

only 3% variability in intra-visit measures 5 minutes apart
130

. Research staff were trained in the 

use of the Profiler and performed all measurements. Blood pressure was also measured using a 

mercury sphygmomanometer and stethoscope. 

 

 1. Resting, sitting blood pressure 

 Blood pressure (via Profiler then sphygmomanometer) was captured after the patient sat 

for 5 minutes completing study questionnaires. Patients' feet were flat on the ground during this 

time, with their hands being supported on a table while measurements were being recorded. 

  

 2. Resting, supine blood pressure and arterial assessments 

 Blood pressure, large arterial assessment and small arterial assessment by the Profiler 

were performed as the patient lay supine on a powered treatment table. Blood pressure was then 

measured by sphygmomanometer. Patients who stated that they found the position 

uncomfortable were given pillows to position beneath their knees and/or head.  

  

 3. Immediate post-moderate-intensity exercise 

 Blood pressure (via Profiler then sphygmomanometer) was captured after the patient 

engaged in 3 minutes of moderate-intensity exercise at a workload of 5 METs. Patients chose to 

walk on a treadmill at either 2.5 mph/6 grade or 2.9 mph/4 grade. An equivalent metabolic 

demand was calculated using ACSM equations for a Monark cycle ergometer in case any patient 
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could not walk on the treadmill. All patients successfully completed the exercise on the treadmill 

and the Monark cycle ergometer was not used. After exercise, patients transferred immediately 

back into a supine position on the same treatment table, approximately 3 feet away from the 

treadmill. 

 

Musculoskeletal fitness tests 

 A battery of musculoskeletal fitness tests were performed at each time point. Tests were 

performed in the order listed. 

 

 Grip strength 

 Staff demonstrated how to hold the JAMAR dynamometer to the participant by testing it 

on themselves, and explained how the dynamometer works by squeezing it as tightly as possible. 

After the participant was sitting on a chair, the staff instructed the participant to bend their arm at 

a 90 degree angle and to position their thumb around one side and their fingers around the other 

side of the handle to determine whether the size was adjusted appropriately. Staff ensured the red 

indicator needle was in the “0” position by turning the dial.  

 

Measurements began with the participant's right hand and then proceed to the left hand before 

measuring both sides again. Participants were encouraged to squeeze as long and as tightly as 

possible for the best result until the needle stopped rising, and results were recorded to the 

nearest 2 kg. These instructions were in accordance with Canadian Society for Exercise 

Physiology testing guidelines
131

. 
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 30 second chair stand 

 Participants were instructed to sit in the middle of the chair, which was placed against a 

wall. They were then instructed to cross arms across their chest with hands resting on the 

opposite shoulder and keep feet flat on the ground while in a sitting position. With a verbal 

signal from staff, participants rose to a full standing position and back to a sitting position as 

many times as possible within 30 seconds. If the participant was over halfway to a standing 

position when 30 seconds had elapsed, it was counted as a stand. If the participant used their 

arms to stand, the test would be stopped and 0 would be the recorded score (this scenario did not 

occur). These instructions were in accordance with the Centre for Disease Control guidelines
132

. 

 

 5 meter walk 

 The 5 meter walk test was integrated as a secondary measure of gait speed alongside the 

6 minute walk test, as it may be more immediately responsive to improvement in fitness in 

certain populations. Gait speed itself has been identified as an indicator of a patient's function 

and performance of activities of daily living
133

. Prior to the testing session, research staff used a 

measuring wheel to determine and mark a 5 meter distance in a large room. Endpoints were 

marked using tape, and Layfette Instruments timing mats were positioned at the near edge of this 

tape. To start the test, participants stood with their lead foot one to two feet behind the first 

timing mat. With a verbal signal from staff, participants walked at their normal walking speed 

one to two feet past the second timing mat. Three trials were done. If a participant failed to step 

on one or both of the timing mats, an additional trial was performed. 
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 Indirect one repetition maximum leg press 

 This measurement was included to capture muscular strength, which may have a 

protective effect against the typical significant loss of fat-free mass and skeletal muscle mass
134

 

seen after surgical weight loss. Leg press has been used as a marker of strength in studies 

focusing on post-roux-en-y gastric bypass patient
35

. The leg press used in this protocol was a 

Hammer Strength plate-loaded unilateral model. 

 

 Research staff had the participant warm up by performing 5 to 10 repetitions at what they 

perceived to be 40-60% of their one repetition maximum (1RM). If the participant could not 

estimate their appropriate 1RM weight, the warm up was started at 1/3 of their body weight. The 

participant rested for 1 minute while staff added or removed an appropriate amount of weight 

based on the participant's success during the warm up. The participant then had the participant 

perform another trial of as many repetitions as possible (up to 10 repetitions), followed by a 3 

minute rest period. The 1RM trials then began as staff increased the weight progressively by 2.5-

20.0 kg and had the participant complete the next attempt - up to 4 sets, with a maximum of 10 

repetitions per set. Research staff used a table from the American College of Sports Medicine
135

 

to predict the participant’s 1RM. 

  

 6 minute walk test 

 This measurement was the primary outcome of ENCOURAGEing Start. The 6 minute 

walk test is not only a validated measure of functional capacity, but is one of the most-used 

markers of function in pre- and post-bariatric surgery studies
136

. This test was performed on a flat 

200 meter track. Participants used their walking aids (i.e. cane, walker) during the test, and a 
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warm-up was not performed. Research staff instructed the participant before the test, stating 

"The object of this test is to walk as far as possible for 6 minutes. You will be walking around 

the track. Six minutes is a long time to walk, so you will be exerting yourself. You may get out 

of breath or become exhausted. You are permitted to slow down, to stop, and to rest as 

necessary. You may lean against the wall while resting, but resume walking as soon as you are 

able." 

 During the test, participants were instructed to walk in the 5th lane of the track, which 

had been previously measured and marked in its location relative to fixed structural landmarks 

(Appendix B). Staff walked approximately 2 meters behind the participant during the test and 

informed participants at the conclusion of every minute, and every 15 seconds during the last 

minute. 

 

Data Collection - Questionnaires 

 Patients completed different questionnaires at certain time points, as described on the 

following page. Participants were asked to begin the questionnaires during their data collection 

appointment while they were sitting for 5 minutes before measurements of blood pressure, and 

again when the research assistant was programming the accelerometer. Participants then returned 

to the questionnaires to complete them after conclusion of all other tests in that appointment.  

Due to the length of the self-compassion series of questionnaires, participants were asked to 

complete this section of the package at home and return it in the same envelope with their 

accelerometer. Packages were marked with participant numbers to reconcile the responses. 
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Baseline Comorbidities 

 Participants' baseline comorbidities were self-reported via the PAR-Q+ questionnaire. 

These statements were not confirmed with CMBS records, physical exam, laboratory testing nor 

radiographic imaging. Several questions in the PAR-Q+ are open ended, therefore patients 

endorsed a wide range of comorbidities. As such, mental illnesses (e.g. "mental illness", "OCD", 

"anxiety") were combined into a category of "self-reported mental illness" for the purpose of 

reporting the data.  

 

Accelerometry 

 Participants were given an Actical accelerometer at the conclusion of each data collection 

appointment. This device was used to capture physical activity for a 7 day period. Initialization 

was programmed to occur at 6 AM the day after the appointment. Patients were instructed to 

wear the device for one week before returning it to the Active Living Center. Participants 

received an information sheet illustrating proper placement of the accelerometer, considerations, 

and instructions to contact the Intervention Coordinator if any problems were encountered. Data 

capture was 90 Hz, and was analyzed Actical Actigraph software. 
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Table 7. Data collection throughout ENCOURAGEing Start Time span of data collected for ES 

Time span of data used in 

this thesis 

 

 Baseline 8 wks 16 wks 1 y 5 y 

Anthropometry x x x x x 

Cardiovascular profiler x x x x x 

Grip strength x x x x x 

30 second chair stand x x x x x 

5 meter walk x x x x x 

Indirect 1RM leg press x x x x x 

6 minute walk x x x x x 

Accelerometer x x x x x 

Blood draw x  x x x 

Questionnaires completed as part of data collection 

appointment 

     

Laval Health Related Quality of Life x x x x x 

Patient Satisfaction Questionnaire (PSQ-18) x x x x x 

Patient Health Questionnaire (PHQ-9) x x x x x 

Paffenbarger Physical Activity Scale x x x x x 

Exhaustion (based on CES-D) x x x x x 

Nutrition  x x x x x 

Hospital Anxiety and Depression Scale (HADS) x x x x x 
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Self-Compassion and Physical Activity Questionnaire 

(option of taking home package to complete) 

     

1- Self-Compassion Scale x - x x x 

2- (MHQ)-Health Anxiety Subscale x - x x x 

3- Self-Esteem Scale x - x x x 

4- Affective Responses to a Real Health Problem x - - - - 

5- Response to Illness Questionnaire (completed if #4 is 

completed) 

x - - - - 

6- Physical Activity Intentions (Part A) x - - - - 

Physical Activity Intentions (Part B) - - x - - 

Physical Activity Intentions (Part C) - - - x x 

7- Social Physique Anxiety Scale x - x x x 

8- Body Appreciation Scale-2 x - x x x 

9- Exercise Task Self-Efficacy-Over the Duration of the 

Intervention (next 16 weeks) 

x - - - - 

10- Exercise Task Self-Efficacy- Now until Surgery - - x - - 

11- Exercise Task Self-Efficacy-Over the Next Year - - - x x 

12- Sedentary Behavior Task Self-Efficacy: Over the course of the 

Intervention (16 weeks) 

x - - - - 

13- Sedentary Behavior Task Self-Efficacy: Now until Surgery - - x - - 

14- Sedentary Behavior Task Self-Efficacy: Over the Next Year - - x x x 

15- Exercise Regulations Questionnaire (BREQ-3) x  x x x 
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2.8 My specific thesis 

 Blood samples were collected and stored using the procedure described in section 2.7, 

allowing for analysis of the cytokines via magnetic bead-based multiplex assay (MILLIPLEX 

Custom Bio-Plex Assay) using the MAGPIX instrument and MILLIPLEX Analyst Software. 

During this procedure, the samples were added to a mixture of color-coded beads (one color for 

every analyte), pre-coated with analyte-specific capture antibodies. The MAGPIX uses a magnet 

to hold the beads in a layer before  one light-emitting diode (LED) to determine the analyte being 

detected, and the second LED quantifies the bound analyte by measuring signal strength. The 

assay kit is manufactured by Millipore and contains all reagents, serum matrix, bead diluent, 

assay buffer, cytokine detection antibodies, and the plate itself. Reagent preparation and 

measurements were performed according to instructions from the manufacturer. A sample of 

these instructions for a similar Millipore myokine analysis kit is available in Appendix D. This 

thesis will include analysis of baseline and 16 week time points for the biomarkers leptin, 

interleukin 1 beta (IL1β), apelin, monocyte chemoattractant protein-1 (MCP-1), interleukin-6 

(IL-6), tumor necrosis factor alpha (TNF-α), osteonectin, irisin and osteocalcin. 

 The primary outcome for my thesis is not the same as the primary outcome for the overall 

study (i.e. 6 minute walk test), but is instead pre-post changes in the biomarkers in Table 2, 

which the literature suggests would change with the intervention. A sample size calculation for 

an example biomarker will be provided in the statistics section. 

 

2.9 Statistics 

 As described earlier, the sample size for this thesis is bound to that of the overall study, 

for which the targeted recruitment total of 48 patients was calculated with a conservative sample 

size (two-tailed, 90% power) for the primary outcome variable (6 minute walk test) using a 
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standard deviation of 50 meters, a minimum detectable difference (MDD) of 30.5 meters, and a 

dropout rate of 40%. The MDD used in this sample size calculation is in contrast  to the previous 

study measuring the same test in CMBS patients, which used 70 meters
128

. The MDD of 30.5 

meters has been identified as a conservative estimate of a clinically important distance in adults 

with pathology
137

. Using 80% power, the estimated sample size is 30 patients. However, this 

recruitment target was not achieved - although 44 potential participants completed the consent to 

contact form, only 20 completed baseline testing.  

 Although ES used a time-series design with 3 time points (i.e. baseline/pre, 8-weeks and 

16-weeks/post) the biomarker data to be analyzed in this thesis as a primary outcome was 

captured in a pre-post structure. A Kolmogorov-Smirnov test was used to determine the 

distribution of the samples of patients with baseline and 16-week data, followed by a Student's 

T-test (parametric). The profile of baseline-only measurements, such as participant 

characteristics, will be built using group means and standard deviation for each biomarker. 

Analysis will be done using SPSS software v26.   

 An inflammatory composite and overall composite were created. The inflammatory 

composite included IL-6, IL-1β, TNFα and MCP-1 while the cytokine composite included all 

cytokines. Both were calculated by combining baseline and 16-week data into one column per 

cytokine (n = 7, N = 14) and calculating 14 Z scores per cytokine. Baseline and 16-week Z 

scores were then re-sorted into separate columns. Baseline and 16-week composite scores were 

computed using the appropriate time point for each cytokine. An example of the inflammatory 

composite is shown in Equation 1. A T-test was performed on the pre-post composite scores. 
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Equation 1: Calculation of baseline inflammatory composite 

Baseline Inflammatory Composite =  

(zBaselineIL6 + zBaselineIL1β + zBaselineTNFα + zBaselineMCP1) / 4 

  

 The cytokine composite was calculated using the same general approach seen in Equation 

1, but using all cytokines. 
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Chapter 3: Results 

3.1 Data for participants completing all baseline appointments 

 As noted in Figure 5, 26 participants completed the baseline data collection 

appointments. Of those 26, 20 completed the baseline blood draw and 6 withdrew from the 

study. A summary of characteristics for individuals completing both baseline appointments is on 

Table 8. 

 

Table 8: Characteristics and scores of participants completing baseline data collection and 

baseline blood draw (n = 20) 

  Cohort (n = 20) Range 

 Characteristic    

Age (years) 

 

47.9 ± 8.9 23 - 61 

 

Females (%) 85.0 -  

BMI 47.3 ± 5.6 31.4 - 54.4 

 Body fat (%) 48.7 ± 7.2 26.9 - 55.2 

 Resting systolic BP (mmHg) 145 ± 17 104 - 164 

 
Resting diastolic BP (mmHg) 78 ± 12 61 - 107 

 
4 test RDS score 2.13 ± 1.26 0 - 4 

 Self-reported conditions and 

medications 

   

Type 2 Diabetes  9 (45.0) -  

Hypertension  17 (85.0) -  
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Osteoarthritis  7 (35.0) -  

Self-reported mental illness  7 (35.0) -  

Asthma  4 (20.0) -  

Diabetes medication(s) 10 (50.0) -  

Lipid medication(s) 3 (15.0) -  

Blood pressure medication(s) 12 (60.0)   

Thyroid medication(s) 4 (20.0)   

Antidepressant medication(s) 6 (30.0)   

    

Assessment data    

    30 second chair stand (# reps) 12.6 ± 3.6 6 - 18 

 5 meter gait (s) 5.36 ± 1.48 4.45 - 11.45 

 Indirect 1RM leg press (lb) 277 ± 79 137 - 458 

 
6 minute walk (m) 445 ± 81 277 - 558 

 PHQ 9 8.9 ± 7.1 0 - 27 

 Laval QOL 183 ± 50 86 - 258 

 HADS Anxiety composite 

score 

7.3 ± 4.8 0 - 15 

 

HADS depression composite 

score 

5.6 ± 3.8 0 - 15 

 

Continuous variables expressed as mean ± standard deviation. Categorical variables expressed 
as N (%) 
  

 Participant characteristics at baseline in this thesis were similar to the baseline 

experimental group in Kwok's study which recruited CMBS patients
128

. Comparisons between 

baseline participant data in this thesis, Kwok's study and other Canadian pre-surgical physical 
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activity interventions are shown in Table 9. Rasmussen Disease Score (RDS), a four-test 

screening tool to measure structural and functional changes in arteries in response to exercise
138

, 

appears not to be previously reported in a bariatric population. Thirty five percent of participants 

scored in the abnormal range (RDS score > 2), which may suggest early-stage cardiovascular 

disease in asymptomatic patients
138

.  

Table 9: Baseline comparisons of Canadian pre-surgical bariatric cohorts  

  ES 

(Mean ± SD) 

Kwok
128

 

(Mean ± SD) 

Baillot
30

 

(Median) 

Baillot
139

 

(Median) 

Cassin
140

 

(Mean ± SD) 

Age 49.9 ± 13.7 47.5 ± 8.3 40.8 44.8 43.8 ± 10.7 

BMI 47.3 ± 5.6 46.9 ± 5.4 51.4 46.6 49.6 ± 8.5 

6 minute 

walk test 

445 ± 81 460 ± 51 464 495 - 

30 second 

chair stand 

(# reps) 

12.6 ± 3.6 13.1 ± 2.5 13 17 - 

PHQ9 8.9 ± 7.1 - - - 10.9 ± 6.9 

 

 All studies reported six minute walk tests lower than those of healthy individuals, to such 

an extent that they are lower than test scores of healthy 70-80 year old subjects (514 ± 71 m)
141

. 

According to PHQ9 cutoff scores
142

, 8 of 20 of ES participants (40%) reported depressive 

symptoms in the moderate range or higher (PHQ-9 score ≥10). Cassin's study of 244 bariatric 

surgery candidates reported 52.5% subjects in this range. Ten percent of participants in 

ENCOURAGEing Start and 10.4% of participants in Cassin's study reported symptoms in the 

severe range (PHQ-9 score ≥20). Based on the demographic, fitness-related and psychological 
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factors at baseline, the ENCOURAGEing Start cohort is comparable to other Canadian studies of 

bariatric surgery candidates. 

 The dropout rate in ENCOURAGEing Start (61.5%) was greater than that of Kwok's 

study (40.0% in the control group). The most common reason for dropout in Kwok's study was 

time commitment, whereas none of the ENCOURAGEing Start dropouts described time 

commitment as a barrier. Instead, 68.6% received their surgery date, which necessitated 

withdrawal from the study before the completion of the 16 week physical activity intervention. 

The remaining dropouts possessed unique reasons for doing so, such as sustaining a significant 

musculoskeletal injury unrelated to ENCOURAGEing Start (e.g. slipped on ice). 

 In addition to the measurements recorded at the baseline data collection appointments, 

the participants profiled in this thesis section also attended their baseline blood draw 

appointment. The cytokine profile of these 20 participants are in Table 10.  
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Table 10: Cytokine profile of participants completing baseline data collection and baseline 

blood draw (n=20) 

  Mean 

(Mean ± SD) 

Range  

Leptin (pg/mL) 19195 ± 9635 1618 - 38699  

IL-1β (pg/mL) 1.84 ± 2.23 0.15 - 7.99  

Apelin 

(pg/mL) 

Unreported -  

MCP-1 (pg/mL) 688 ± 198 361 - 1155  

IL-6 (pg/mL) 31.4 ± 59.6 0.46 - 217.3  

TNFα (pg/mL) 18.9 ± 7.3 5.45 - 30.8  

Osteonectin (ng/mL) 207 ± 131 70 - 732  

Irisin 

(pg/mL) 

Unreported  -  

Osteocalcin (pg/mL) 3529 ± 2663 747 - 10454  

Cytokine composite 

(SD) 

0.015 -0.64 - 0.97  

Inflammatory 

composite (SD) 

0.019 -0.90 - 1.29  

 

 Leptin, IL-1β , MCP-1, TNFα, osteonectin and osteocalcin were within detectable ranges 

of the assay kit. Apelin is unreported, as its concentrations in the majority of samples (11 of 20) 

were below detectable limits. IL-6 was included in the analysis. However, it must be disclosed 
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that 5 of 20 measurements were below the detectable range of 3.2 pg/mL. The analysis was 

completed by imputing 3.2 pg/mL for those five values and should be interpreted with caution, 

as this substitution method will cause a left-censoring bias. Among the possible techniques to 

assign these IL-6 values (substitution with 0 or 0.5 detectable limit, probability plot methods, 

Kaplan-Meier estimates, etc) there is no objective solution
143

. Irisin was unreported because its 

concentration in the majority of samples (14 of 20) were below detectable limits. 

3.2 Data for participants completing all baseline and 16-week appointments 

 Of the 20 participants who completed the baseline data collection appointment and 

baseline blood draw, 11 dropped out due to receiving a surgery date. Seven completed both the 

16-week data collection appointment and 16-week blood draw appointments (Figure 5). The 

following part of this results section will now focus entirely on the descriptive data and results of 

these 7 participants. Their descriptive data and results are reported in Table 11.  
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Table 11: Characteristics and pre-post changes of participants completing all baseline and 

16-week appointments (n = 7) 

 
Baseline 

(Mean ± SD) 

16 week 

(Mean ± SD) 

Mean Δ 

(16 weeks - 

baseline) ± 

SD 

Sig. (2-

tailed) 

Characteristic      

BMI 44.5 ± 6.6 44.5 ± 7.0  -0.04 ± 0.75 0.885 

Female (%) 85.7% - - - 

Body fat (%) 45.3 ± 8.8 44.4 ± 9.1  -0.89 ± 0.83 0.030* 

Resting systolic BP 

(mmHg) 

130 ± 16 136 ± 17 5.4 ± 15 0.361 

Resting diastolic BP 

(mmHg) 

76 ± 12 79 ± 7 3 ± 12 0.475 

4 test RDS score 3.0 ± 0.7 1.8 ± 2.1 -1.2 ± 1.6 0.178 

Self-reported 

conditions and 

medications 

    

Type 2 Diabetes  1 (14.3) - - - 

Hypertension 6 (85.7) - - - 

Osteoarthritis 1 (14.3) - - - 

Self-reported mental 

illness 

1 (14.3) - - - 

Asthma  1 (14.3) - - - 

Diabetes medication(s) 4 (57.1) - - - 

Lipid medication(s) 3 (42.8) - - - 
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Blood pressure 

medication(s) 

4 (57.1) - - - 

Thyroid medication(s) 1 (14.2) - - - 

Antidepressant 

medications(s) 

2 (28.4) - - - 

Assessment data     

30 second chair stand 

(# reps) 

12.6 ± 3.2  16.3 ± 3.0 3.7 ± 1.9 0.002* 

5 meter gait (m) -  5.03 ± 0.37 4.72 ± 3.1 -0.3 ± 0.3 0.077 

Indirect 1RM leg press 

(lb) 

308 ± 82 405 ± 74 98 ± 72 0.012* 

6 minute walk (m)  501 ± 37 555 ± 54 54 ± 34 0.006** 

PHQ9 12.4 ± 7.7 8.3 ± 5.9 -4.4 ± 4.2 0.039* 

Laval QOL 189 ± 46 225 ± 38 35 ± 37 0.045* 

HADS Anxiety  7.6 ± 5.3 5.4 ± 5.4 -2.1 ± 3.6 .169 

HADS Depression 6.1 ± 2.8 3.9 ± 3.2 -2.3 ± 3.8 .160 

Continuous variables expressed as mean ± standard deviation. Categorical variables expressed 
as N (%) 
 

 The unchanged weight from pre-post is to be expected, as increased physical activity of 

bariatric patients in the absence of dietary change is estimated to cause loss of only 0.1-5.2 kg
144

. 

However, participants did decrease body fat percentage. This magnitude of body fat percentage 

decrease has been reported in other physical activity intervention studies
145,85

 which found pre-

post cytokine relationships similar to those in Table 2. As participants maintained weight with 

this decrease in body fat percentage, it can be deduced that lean body mass was not negatively 
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affected. This retention or increase of lean body mass is associated with improved post-surgical 

outcomes
146

. 

 Scores in the 30 second chair stand increased by 3.7 ± 1.9. This test is used primarily to 

measure a patient's own progress, and there are no norms for age groups less than 60 years of 

age. If we utilize norms for older populations, the ENCOURAGEing Start participants did move 

from the "below average" category (<14) to the "average" category (14-19)
132

. 

 Indirect 1RM leg press scores increased by 98 ± 72 pounds. Like the 30 second chair 

stand, there are no established general population norms. However, the percentage of 

improvement seen in the mean values (32%) is greater than several studies reporting the effect of 

resistance training in both pre- and post-operative bariatric patients
147,148,149

. This percentage of 

improvement may be greater than that seen in recreationally trained adults
150

. 

 The PHQ9 mean scores decreased from a moderate (10-14) to mild (5-9) range, 

indicating a reduction in depressive symptoms.  

 Compared to Kwok's pre-operative physical activity intervention offered to CMBS 

patients, the ENCOURAGEing Start intervention showed a stronger effect size in their shared 

primary outcome of the 6 minute walk test (10.7% vs. 5.9% improvement over baseline)
128

. 

ENCOURAGEing Start's post-value for 6 minute walk score (555 ± 54 m) is similar to one year 

post-operative standard-care subjects from another Canadian study (550 ± 55 m) 
146

. It is 

unknown whether a minimal clinically important difference score exists for the 6 minute walk 

test in a pre-surgical bariatric population, but it has been suggested that a difference of at least 

30.5-80 meters is required to be certain of a statistically significant improvement in an obese 
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population
137,151

 (although the study suggesting the upper range reported younger subjects with a 

lower BMI than in my thesis). 

 Changes in weekly physical activity were measured by accelerometer and Paffenbarger 

Questionnaire at all time points. Data from the Paffenbarger is reported in Table 12. Analysis of 

accelerometer data has not yet been completed but will be reported in the future within a separate 

manuscript.  

Table 12: Pre-post Paffenbarger questionnaire (n=7) 

 

  Baseline 

(Mean ± 

SD) 

16 week 

(Mean ± SD) 

Mean Δ 

(16 weeks - 

baseline) ± SD 

Sig. (2-

tailed) 

Total number of blocks 

walked in the last 7 days 

(1 mile = 12 blocks = 1.6 

kilometers) 

42 ± 46 43 ± 20 0 ± 38 .985 

Total flights of stairs 

climbed UP in the past 7 

days 

108 ± 176 152 ± 191 44 ± 77 .181 

Total minutes of LIGHT 

sports/recreation in the 

past 7 days 

198 ± 469 821 ± 1852 623  ± 1987 .439 

Total minutes of 

MODERATE 

sports/recreation in the 

past 7 days 

61 ± 92 397 ± 754 335 ± 779 .298 

Total minutes of HEAVY 

sports/recreation in the 

past 7 days 

2 ± 6 49 ± 89 46 ± 91 .225 

Total calories expended 

from activity (calculated 

from answers above) 

2810 ± 

2938 

9422 ± 

14491 

6611 ± 15993 .316 
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  These data confirm that the ENCOURAGEing Start participants received a 

sufficient dose of physical activity to enact detectable change in fitness outcomes, which 

supports the usage of the "effects from exercise" column reported in Table 2 as an indicator of 

expected biomarker values. It is on this basis that the cytokine profiles of these 7 participants 

were analyzed. Their baseline and post data can be seen in Table 13.  

Table 13: Pre-post cytokine data (n=7) 

  Baseline  
(Mean ± SD) 

16 weeks  
(Mean ± SD) 

Mean Δ 
(16 weeks - 

baseline) ± SD 

 

Sig (2-

tailed) 

Leptin (pg/mL) 15526 ± 10011 18112 ± 10439 2586 ± 4517 0.181  

IL-1β (pg/mL) 1.56 ± 2.84 1.43 ± 2.71 -0.13 ± 0.25 0.233 

Apelin 

(pg/mL) 

Unreported Unreported - - 

MCP-1 (pg/mL) 714 ± 230 760 ± 339 46 ± 241 0.627 

IL-6 (pg/mL) 33.5 ± 81.1 31.9 ± 74.3 -1.64 ± 7.17 0.567 

TNFα (pg/mL) 18.6 ± 4.3 17.1 ± 4.1 -1.48 ± 2.61 0.185 

Osteonectin 

(ng/mL) 

180 ± 58 175 ± 46 -5.63 ± 18.4 0.45 

Irisin 

(pg/mL) 

Unreported Unreported - - 

Osteocalcin 

(pg/mL) 

4018 ± 2973 3536 ± 2681 -483 ± 576 0.068 

Cytokine 

composite (SD) 

0.021 -0.021 -0.042 0.672 

Inflammatory 

composite (SD) 

 

0.033 

 

-0.033 

 

-0.066 

 

0.669 
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 Leptin, IL-1β , MCP-1, TNFα, osteonectin and osteocalcin were within detectable ranges 

of the assay kit . Apelin was unreported as its concentrations in the majority of samples (4 of 7) 

were below detectable limits at both time points. IL-6 was included in the analysis, though 2 

measurements at both the baseline and 16-week time points were below the detectable range of 

3.2 pg/mL. The analysis was completed imputing 3.2 pg/mL for those four values, with the 

rationale previously described
143

. Irisin was not reported as its concentrations in the majority of 

samples (5 of 7) were below detectable limits at both time points. No significance was found in 

the pre-post cytokine data when performing a paired samples T-test. A log10 transformation of 

the cytokine data (not shown) did not alter the outcome of the analysis.  

 Baseline and post data for each participant (n = 7 ; N = 14) was utilized to correlate and 

graph cytokine profiles by 3 outcome measures (6 minute walk test, leg press, and BMI). This 

data is reported in Table 14 and graphed in Appendix E. The majority of correlations (4 of 7) 

between cytokines and BMI reached significance, followed by 2 of 7 between cytokines and leg 

press, and none between cytokines and the 6 minute walk test. 
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Table 14: Bivariate correlations using baseline and 16-week data (n=7 ; N=14) 

 6 minute walk Leg press BMI 

Leptin r = 0.057 

p = 0.847 

r = 0.454 

p = 0.103 

r = 0.603 

p = 0.022* 

IL-1β r = 0.234 

p = 0.420 

r = -0.467 

p = 0.092 

r = -0.882 

p < 0.001*** 

MCP-1 r = -0.138 

p = 0.637 

r = 0.673 

p = 0.008* 

r = 0.449 

p = 0.107 

IL-6 r = 0.228 

p = 0.433 

r = -0.476 

p = 0.085 

r = -0.878 

p < 0.001*** 

TNFα r = -0.273 

p = 0.344 

r = 0.048 

p = 0.871 

r = 0.247 

p = 0.394 

Osteonectin r = -0.381 

p = 0.178 

r = 0.545 

p = 0.044* 

r = 0.944 

p < 0.001*** 

Osteocalcin r = 0.349 

p = 0.222 

r = -0.284 

p = 0.326 

r = -0.190 

p = 0.516 

*correlation is significant at the 0.05 level (two-tailed) 
*** correlation is significant at the <0.01 level (two-tailed) 

 

 Finally, the change (∆) observed in each individual's participant is reported in Table 15. 

The ∆ is reported as (post - baseline), meaning that a positive value indicates an increased 

concentration of that cytokine at the 16-week time point. No participant's overall cytokine profile 

encompassed a majority of the mean values reported in Table 13, which is to say that each 

participant displayed a unique cytokine response to the intervention. Interparticipant ∆ values for 

4 of the 7 analytes were at least tenfold  different, and 6 of the 7 analytes were not unanimous in 

the direction of their change. Also included in the table is the change in composite scores derived 

from the baseline and 16-week Z scores of inflammatory cytokines (IL-6, IL-1β, TNFα, MCP-1). 
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Table 15: ∆ (post - baseline) cytokine profiles for each of the 7 participants (n=7) 

Participant identifier number 

 #03 #16 #18 #23 #25 #26 #27 

Leptin* 8143 7816 -43 270 5792 -1365 -2514 

IL-1β* -0.29 0.04 -0.44 0.32 -0.16 -0.07 -0.29 

MCP-1* -406 260 -47 140 324 63 -8 

IL-6* -2.8 0 -17.3 4.6 1.1 2.6 0 

TNFα* -4.8 0.3 -3.3 -1.3 3.2 -1.9 -2.6 

Osteonectin* -0.20 -0.18 0.70 0.16 0.23 -0.26 -0.17 

Osteocalcin* -773 -658 -366 -1031 -300 673 -926 

Cytokine 

composite 

(SD) 

-0.34 -0.20 -0.18 0.04 0.35 -0.13 -0.23 

 Inflammation 

composite 

(SD) 

-0.61 0.35 -0.12 -0.15 0.32 0.03 -0.12 

*Values in pg/mL 
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Chapter 4: Discussion 

4.1 Outcomes from the ENCOURAGEing Start study 

 The purpose of this thesis was to describe baseline cytokine profiles of CMBS patients, 

and to determine the effect of a 16-week pre-surgical physical activity intervention on the 

cytokine profiles of CMBS patients. Before discussing cytokine data, it is appropriate to discuss 

outcomes of the ENCOURAGEing Start intervention. The pre-post data demonstrates 

statistically significant positive health effects in measures related to fitness, health, and surgical 

outcomes. These results include body fat percentage, 6 minute walk test, 30 second chair stand, 

1RM leg press, PHQ9, and the Laval QOL questionnaire. The post-intervention 6 minute walk 

test score (555 ± 54 m) is similar to 6-month post-operative scores of individuals who underwent 

surgery but did not receive a physical activity intervention, such as Hansen et al (504 m, no SD 

reported)
152

 and Gallart-Aragon et al (372 ± 169 m)
153

. The ENCOURAGEing Start participants 

were able to achieve similar test scores to Gallart-Aragon's study despite having a significantly 

higher BMI (36.5 ± 4.5
153

 versus 44.5 ± 6.6). ENCOURAGEing Start's improvement in 6 minute 

walk test score is also comparable to pre-surgical physical activity interventions with similar 

populations such as Simmons et al  (560 ± 132 m)
154

 and Baillot (492 m, no SD reported). As 

noted in the results section, it is unknown whether a minimum clinically significant difference 

for the 6 minute walk test exists for this population.  

 The mean 31.4% improvement seen in the indirect 1RM leg press is similar to the 

outcome of Daniels et al
155

, whose intervention was a 3x/week hour-long resistance training  

session for bariatric patients and reported a 36.2% improvement in direct 1RM leg press. This is 

notable as ENCOURAGEing Start had only one session focused on resistance training machines, 

after which participants were free to use the equipment as desired, and reported a functionally 
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similar outcome to Daniel et al's far more time-intensive intervention. This may suggest that 

future iterations of ENCOURAGEing Start should continue to deliver education sessions to 

support skill acquisition so patients can become more physically active. The improvement 

reported in the 30 second chair stand was statistically significant unlike Kwok's study of CMBS 

patients
128

. The improvement (3.7 ± 1.9) is similar to that seen in Baillot's more intensive 12 

week, 3x/week intervention for pre-surgical patients (2, no SD given)
156

. 

 Analysis of the Paffenbarger Physical Questionnaire revealed no statistically significant 

changes in physical activity levels. However, study participants tend to overestimate their own 

moderate-intensity physical activity by more than 100%
157

,  and obese subjects may overestimate 

by even more
158

. The extreme range of responses within groups (e.g: weekly kilometers walked 

at baseline ranged from 0 to 65.3) and between groups (e.g: one participant increasing from 0 to 

5000 weekly minutes of weekly light-intensity activity) reinforces the value of the accelerometer 

data recorded during this intervention, which will be analyzed and published at a later date.  

 Pre-post measurements revealed the positive changes described above, though it is 

unclear whether the entire effect size is attributable to the intervention. This was a quasi-

experimental study and therefore had no control group. It is likely that, in addition to the 

intervention's effects, participants continued to improve their physical activity behavior (and 

overall health behavior) in order to meet CMBS goals and receive a surgical consult. However, 

the ENCOURAGEing Start participants were drawn from the same pool of CMBS patients as 

Kwok's study
128

, were demographically similar, and had the same exclusion criteria. Patients of 

the CMBS program during the time of both studies had identical eligibility criteria to enter the 

CMBS program.  
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 Further discussion will focus on individual cytokines (baseline levels and correlations) 

before  addressing methodological choices and other factors that may have contributed to these 

outcomes, and finally providing recommendations for future research. In this discussion, it is 

worthwhile to consider the pleiotropic nature of and the variability and range of cytokines, which 

are far greater than those of conventional markers such as HbA1c. 

 4.2a Leptin 

 The wide variance seen in leptin levels of human adults combined with the small sample 

size make it challenging to assess whether participants' leptin levels might be considered normal. 

Normative data is conflicting, with some studies of normal-weight and healthy subjects reporting 

mean serum leptin levels higher than those seen in ENCOURAGEing Start participants (as 

expected)
159

. However, several other studies reported serum leptin levels in normal-weight and 

healthy subjects lower than seen in ENCOURAGEing Start
160,161

, with one study of n=100 

having no crossover with the range in the ENCOURAGEing Start study (1618-38699 pg/mL)
162

. 

This wide range of leptin, and cytokines as a whole, is prevalent in the literature. For example, 

Rostas et al analyzed 19 articles studying the effect of exercise training on peripheral leptin in 

overweight individuals 45 years of age and older and found a range of 6300 - 38000 pg/mL
163

 at 

baseline, which has an upper range quite close to ENCOURAGEing Start. Comparisons of serum 

leptin levels between ENCOURAGEing Start and other studies is documented in Table 16. 
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Table 16: Interstudy serum leptin comparisons 

  ENCOURAGEing 

Start 

 

Segal et al
164

 Silha et al
160

 Isidori et al
165

 Terra et al
166

 * 

Population Obese M/F, 49.9 ± 

13.7 y 

Obese M, 33 ± 3 y Obese M/F, 45.2 ± 

1.0 y 

Obese M, 42 y (no SD 

given) 

F, 47.2 ± 8.9 y 

Study 

purpose 

Physical activity and 

cytokines 

Relationships to 

insulin sensitivity 

Relationships with 

insulin resistance 

Androgen levels Leptin and ghrelin 

after RxY 

BMI 47.3 ± 5.6 32.5 ± 2.4 33.0 ± 1.3 32.7 ± 0.65 46.5 ± 5.0 

Leptin 

(pg/mL) 

19195 ± 9635 9270 ±1400 26900 ± 3900 11400 ± 2940 44010 ± 32560 

*Subjects awaiting Roux-en-Y gastric bypass surgery 

 As reported above, serum leptin levels of ENCOURAGEing Start participants are similar to other overweight and obese 

subjects recruited for select interventions, but with an increased standard deviation. No correlation was found between leptin and 6 

minute walk test or 1RM leg press. However, there was a significant correlation between leptin and BMI (p = 0.20), which was 

predicted in Table 2. 

 Based on the results of a paired samples t-test there was no significant change (positive or negative) in the cytokine profiles of 

the 7 participants analyzed. These findings are in opposition to the hypothesis, which surmised that significant pre-post decrease in 

serum leptin values would be seen as forecasted in Table 2. No significance was found in the paired samples t-test when pre/post 
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measurements were log10 transformed. While ENCOURAGEing Start recruited diverse 

participants who experienced positive effects in their physical and mental health, the large 

dropout rate prior to the 16-week time point reduced the power of the study. Standard deviations 

in our cohort were larger than other pre-post cytokine studies
95,167

 which may be because studies 

in this area of research tend to have larger sample sizes. For example, one review of 72 physical 

activity interventions on leptin found a mean sample size of 29.8 ± 31.7
95

, and studies examining 

other analytes reported in this thesis (whether together or in isolation) have a similarly higher 

sample size
168,169

.  

 In the specific case of leptin, a change would not have necessarily been expected. 

Although leptin is associated with adiposity, the participants' BMI did not change. Exercise 

training programs in the absence of weight loss have shown little effect on leptin
92

, especially 

when the sessions are less than 60 minutes in length
170

. If this was a longer and post-operative 

physical activity program where the exercise intensity could have been elevated, a change may 

be possible. 

 As reported in Table 14 and graphed in Appendix E, bivariate correlations were 

performed between all cytokines with the 6 minute walk test, 1RM leg press, and BMI. 

Participant data was limited to those who completed both 16-week appointments (n = 7), and 

correlations were run at baseline and 16-week time points (N = 14). These outcomes were chosen 

specifically due to their relevance to Table 2, which described anticipated cytokine responses 

from stimuli of aerobic exercise, resistance training, and weight status. The 6 minute walk test, in 

addition to being a commonly used measurement of function pre- and post-bariatric surgery
171

, is 

positively correlated with V02max (a measure of aerobic fitness) in obese populations
172

. The 
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indirect 1RM leg press measures muscular strength, and BMI is an indicator of weight (because 

participant height did not change between baseline and 16-week time points). 

 Among the 21 correlations performed,  6 reached significance. Leptin was positively 

correlated with BMI (p = .022). This relationship is unsurprising, as it is well established in the 

literature that leptin is positively correlated with both indices of adiposity and BMI
173

. With this 

in mind, the statistically significant pre-post decrease in body fat percentage evidently did not 

disrupt the expected relationship between leptin and BMI. This may imply that the decrease in 

body fat percentage was not clinically significant, as adiposity is more tightly correlated to leptin 

than BMI is
159

. No correlation was seen between leptin and 1RM leg press or 6 minute walk test, 

nor was one expected. If a relationship had been found between leptin and 6 minute walk, the 

underlying mechanism would have likely been due to BMI and functional ability rather than 

aerobic fitness, as BMI is correlated to 6 minute walk test scores
174

. 

 

4.2b IL-1β 

 A comparison of ENCOURAGEing Start baseline IL-1β values compared to two other 

studies with a similar demographic is reported in Table 17. 
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Table 17: Interstudy serum IL-1β concentrations 

  ENCOURAGEing 

Start 

 

Stewart et al
175

  

(OPI group) 

 

Damirchi et al
176

 (OB 

group) 

Population Obese M/F, 49.9 ± 

13.7 y 

Overweight M/F, 

71 ± 4 y 

Obese M/F, 43.2 ± 4.6y 

Study 

purpose 

Exercise and 

cytokines 

Exercise and 

cytokines 

Exercise and 

cytokines/insulin 

BMI 47.3 ± 5.6 27.9 ± 1.0 31.4 ± 1.6 

IL-1β 

(pg/mL) 

1.84 ± 2.23 4.9 ± 1.2 0.08 ± 0.01 

 

 We would expect to see relatively high levels of IL-1β in ENCOURAGEing Start 

participants, as it is an inflammatory cytokine and closely related in function (not structure) to 

TNFα
169

 . However, there is a paucity of data from which to draw norms, even moreso than other 

cytokines examined in this thesis. IL-1β is rarely the primary outcome of a study in humans, and 

many studies using it as part of a panel do not report detectable levels
177,178

, even in pre-bariatric 

surgery patients
179

. An observational study of n=1292 adults explored relationships between 

various chronic diseases and serum levels of IL-1β
169

. The group in that study with an IL-1β  

range closest to that of ENCOURAGEing Start was patients with heart failure, though no 

ENCOURAGEing Start participants had congestive heart failure. There is clearly more work to 

be done establishing IL-1β norms for different populations if it is to be used as a marker for 

chronic disease outcomes. 

  It is known that serum IL-1β is increased by chronic diseases associated with obesity 

such as type 2 diabetes 
169

, but this may have been offset by the recent lifestyle habits of 
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participants, who were mandated to be more physically active and maintain a healthy diet as a 

condition of their enrollment with CMBS. 

 Although a decrease was hypothesized, based on the results of a paired samples t-test 

there was no significant change (positive or negative) to IL-1β in the 7 participants analyzed. No 

significance was found in the paired samples t-test when pre/post measurements were log10 

transformed. 

 A significant negative correlation (p < .001) was seen between IL-1β and BMI. This is 

the opposite of what was hypothesized, as IL-1β has been shown to correlate with both weight 

and adiposity
180

. It could not be explained by the participants' elevated absolute lean body mass, 

as IL-1β is not known to correlate with lean body mass
180

. IL-1β has been shown to decrease by 

approximately 0.5 pg/mL in a resistance training intervention
181

, but it does not seem likely that 

there was a relationship between BMI and adherence to frequent resistance training (nor is it 

something that would be captured by accelerometer). 

4.2c MCP-1 

 A comparison of ENCOURAGEing Start baseline MCP-1 values compared to 3 other 

studies with a similar demographic is reported in Table 18. 
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Table 18: Interstudy serum MCP-1 concentrations 

  ENCOURAGEing Start 

 

Sams et al
182

 * 

 

Kim et al
183

 Christiansen et 

al
184

 

Population Obese M/F, 49.9 ± 13.7 y Obese M/F, 37 ± 12 y Obese M/F, 36.7 

± 5.6 y 

Obese M/F, 34.5 

± 8.7 y 

Study 

purpose 

Exercise and cytokines Pre-post RxY inflammatory 

markers 

Observational: 

chemokines and 

obesity 

Relation 

between tissue 

and circulating 

levels 

BMI 47.3 ± 5.6 47.24 ± 6.58 30.6 ± 2.00 51.1 ± 6.4 

MCP-1 

(pg/mL) 

688 ± 198 500 (no SD) 183 ± 112 189 ± 15 

 

 Similar to the already-discussed IL-1β, MCP-1 is a proinflammatory chemokine which is elevated in type 2 diabetic patients
185

 

and is associated with elevated BMI
184

. MCP-1 is secreted in response to other proinflammatory signals, and would therefore be 

elevated in ENCOURAGEing Start participants due to the chronic low-grade inflammation of obesity, a trait shared to varying 
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degrees of severity by all participants. Unlike IL-1β, MCP-1 has been reported in many human-

subject obesity-related studies. MCP-1 levels in ENCOURAGEing Start participants are 

significantly higher than the other studies reported in Table 18. On one hand, this corroborates 

the high TNFα and IL-6 levels found in ENCOURAGEing Start participants (all 3 molecules are 

positively related
183

). However, it does not explain why ENCOURAGEing Start participants' 

MCP-1 was so much higher than values reported by other studies with morbidly obese and less 

physically active participants. The elevated MCP-1 does not appear to be a function of chance 

with a small sample size, as Kim et al
183

 and Christiansen
184

 et al used sample sizes of 50 and 23, 

respectively. It is possible that the timing of the blood draws raised these levels, as discussed in 

section 4.3d.  

 Although a decrease was hypothesized, based on the results of a paired samples t-test 

there was no significant change (positive or negative) to MCP-1 in the 7 participants analyzed. 

No significance was found in the paired samples t-test when pre/post measurements were log10 

transformed. 

 MCP-1 was positively correlated to 1RM leg press (p = .008). MCP-1 is known to 

increase as a result of resistance training, but also known to decrease as a result of aerobic 

training. The net increase of MCP-1 as a result of an intervention offering both aerobic and 

resistance training components has been illustrated previously by Lucotti et al
109

. If a future 

implementation of ENCOURAGEing Start can be sufficiently powered to compare pre-post 

cytokine values, a novel question would be to assess the minimum effective dose of resistance 

training needed to achieve functional benefit while reducing inflammatory markers, which may 

help to increase adherence to an exercise program. Many resistance training interventions in the 
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literature consist of 3-5 sessions per week, whereas time is a barrier to exercise for the majority 

of people regardless of their weight
186

.  

 No significant relationship was found between MCP-1 and BMI, though expected 

relationships were found between other inflammatory markers and BMI. A positive correlation 

was expected between MCP-1 and BMI
110

, and it is unclear why this did not appear.  

 

4.2d IL-6 

 A comparison of ENCOURAGEing Start baseline MCP-1 values compared to 4 other 

studies with a similar demographic is reported in Table 19. 
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Table 19: Interstudy serum IL-6 comparisons 

  ENCOURAGEing 

Start 

 

Khanna et al
167

 Stewart et al
175

  

(OPI group) 

 

Illan-Gomez et 

al
187

 

Dekker et al
188

 

Population Obese M/F, 49.9 ± 

13.7 y 

Obese sedentary F, 

46.7 ± 11.1 y 

Overweight M/F, 

71 ± 4 y 

Obese M/F, 39.9 ± 

10.4 y 

Obese M, 47.5 ± 

3.1 y 

Study 

purpose 

Exercise and 

cytokines 

Diet-induced weight 

loss on 

inflammatory 

markers 

Exercise and 

cytokines 

Pre-post bariatric 

surgery 

Exercise without 

weight loss 

BMI 47.3 ± 5.6 34.9± 6.4 27.9 ± 1.0 47.7 ± 7.1 32.4 ± 0.6 

IL-6 

(pg/mL) 

31.4 ± 59.6 7.2 ± 1.5 4.1 ± 0.3 3.8 ± 1.7 5.2 ± 1.5 

 

 Values of IL-6 reported in ENCOURAGEing Start participants are disparate from values reported in other studies. This is not 

unexpected, as among all cytokines measured in this thesis IL-6 had the widest range. The highest value of IL-6 measured at baseline 

in ENCOURAGEing Start was 471 times greater than the lowest. Recall also that the reported IL-6 values display a left-censoring 

bias, as 3.2 pg/mL (the minimum detectable limit) was imputed for two values. Using this technique, rather than excluding those 2 

samples from the analysis, lowered the mean.  
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 IL-6 is unique among the analytes discussed thus far due to its properties as both an inflammatory cytokine and anti-

inflammatory myokine
189

 IL-6 is correlated with adiposity, yet also with the amount of muscle mass involved in exercise
190

. With this 

in mind, it is unlikely that exercise is the reason for the relatively high mean IL-6 seen in ENCOURAGEing Start participants. 
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Although circulating IL-6 can be increased 100-fold with exercise, participants were advised to 

avoid physical activity 8 hours prior to bloodwork, and the act of walking from the parking lot to 

the blood lab should not have been the intense exercise needed
62

 to see those increases. Although 

IL-6 is commonly used as part of an inflammation panel for participants who are obese
187

, its 

interpretation in the context of a physical activity intervention may have been clearer had the 

bloodwork been done immediately post-exercise, when we could use anticipated changes in 

TNFα and free fatty acids
62

 as confirmatory variables. Alternately, it may warrant a discussion of 

which analytes are meaningful to monitor the health status of obese individuals versus which 

analytes are meaningful to monitor the effects of a physical activity intervention. Currently, it is 

difficult to interpret whether elevated IL-6 is a result of obesity-related inflammation or exercise. 

The distinction is important with obesity-related research, as IL-6 is a sensitive marker of the 

chronic inflammatory process and insulin resistance processes
187

.  

 Had the comparisons in Table 19 been between ENCOURAGEing Start and healthy-

weight study participants, the increased mean IL-6 may have been attributable to the 

proportionately larger volume of lean muscle mass used for ambulation and activities of daily 

living. However, this was not the case. 

 Although a decrease was hypothesized, based on the results of a paired samples t-test 

there was no significant change (positive or negative) to IL-6 in the 7 participants analyzed. No 

significance was found in the paired samples t-test when pre/post measurements were log10 

transformed. 
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 No correlation was seen between IL-6 and 6 minute walk test or leg press. This is 

somewhat surprising for the 6 minute walk test, as individuals who score higher on the 6 minute 

walk test would tend to be those who are more fit and active, and consequently circulate a larger 

quantity of anti-inflammatory cytokines
191

. No relationship was expected to 1RM leg press and 

none was found. Although the contraction of muscles, particularly at the intensity required for 

strength testing
62

, would increase circulating levels of IL-6 acutely, blood draw appointments 

were separate from data collection appointments. The significant correlation (p < .001) between 

IL-6 and BMI was expected to be positive but was instead found to be negative. This may be 

attributable to the outliers clearly visible in Figures 8 and 10. It may also suggest that the anti-

inflammatory effect elicited by the pleiotropic IL-6 when acting as an anti-inflammatory 

myokine confounds and outweighs its effect when acting as an inflammatory cytokine. Although 

it is known that a resistance training intervention can reduce IL-6 concentration without weight 

loss
188

, it is unclear whether the net inflammatory profile of increased IL-6 from higher BMI may 

be offset by the anti-inflammatory effect of resistance training. This may be a novel query. 

 

4.2e TNFα 

 A comparison of ENCOURAGEing Start baseline TNFα values compared to 4 other 

studies with a similar demographic is reported in Table 20. 
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Table 20: Interstudy serum TNFα concentrations 

  ENCOURAGEing 

Start 

 

Khanna et al
167

 Stewart et al
175

  

(OPI group) 

 

Sams et al
182

 * 

 

Whitson et al
192

 * 

Population Obese M/F, 49.9 ± 

13.7 y 

Obese sedentary F, 

46.7 ± 11.1 y 

Overweight M/F, 

71 ± 4 y 

Obese M/F, 37 ± 12 y Obese M/F, 42 ± 11 

y   

Study 

purpose 

Exercise and 

cytokines 

Diet-induced weight 

loss on 

inflammatory 

markers 

Exercise and 

cytokines 

Pre-post RxY inflammatory 

markers 

RxY response in 

diabetics/non-

diabetics 

BMI 47.3 ± 5.6 34.9± 6.4 27.9 ± 1.0 47.24 ± 6.58 50.0 ± 6.0 

TNFα 

(pg/mL) 

18.9 ± 7.3 7.2 ± 1.5 6.2 ± 0.4 8.5 (no SD) 7.0 ± 0.88 

 

 TNFα is significantly higher in ENCOURAGEing Start than the values reported in the other 4 studies, one of which included a 

demographically similar cohort of pre-bariatric surgery patients. Considering the inflammatory markers of IL-1β, MCP-1 and TNFα, it 

is reasonable to state that ENCOURAGEing Start participants tend to express a higher degree of inflammation. Expected relationships 

between these markers are present. For example, TNFα is one of several stimuli for IL-6 production
83

, and both of these analytes are 

higher than demographically similar peers in other studies. 
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 Based on the results of a paired samples t-test there was no significant change (positive or 

negative) to TNFα in the 7 participants analyzed. No significance was found in the paired 

samples t-test when pre/post measurements were log10 transformed. A significant decrease was 

expected. 

 No significant correlations were seen between TNFα and 6 minute walk test, 1RM leg 

press, or BMI. In fact, these investigations yielded the lowest p values of any cytokine. Although 

TNFα might be expected to yield the same significant correlation to BMI as did IL-6 (as they are 

both correlated with BMI
193

), IL-6 has anti- and pro-inflammatory properties whereas TNFα 

does not. TNFα is secreted mainly by macrophages and lymphocytes, whereas IL-6 is produced 

by a wide range of cells including T cells, B cells, and myocytes
62

. However, given that TNFα 

levels in ENCOURAGEing Start participants are higher than demographically similar peers, the 

lack of correlation may be due to the sample size rather than any beneficial anti-inflammatory 

processes confounding the relationship.  

 

4.2f  Osteonectin 

 A comparison of ENCOURAGEing Start baseline Osteonectin values compared to 3 

other studies with a similar demographic is reported in Table 21. 
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Table 21: Interstudy serum osteonectin concentrations 

  ENCOURAGEing 

Start 

 

Lee et al
194

 * Lee et al
195

 * Kotani et al
196

 

Population Obese M/F, 49.9 ± 

13.7 y 

Obese M/F, most with 

T2DM, 40.8  ± 1.9 y 

Obese Korean F, 

32.5  ± 8.5 y 

Obese Japanese M, 

46.9  ± 6.9 y 

Study 

purpose 

Exercise and 

cytokines 

Remodeling of adipose 

tissue after RxY 

SPARC mRNA/ 

plasma association 

SPARC and HbA1c 

during weight loss 

BMI 47.3 ± 5.6 34.7 ± 1.4 40.2 ± 5.7 26.1 ± 1.3 

Osteonectin 

(ng/mL) 

207 ± 131 165 ± 18 267 ± 40 33.0 ± 12.2 

 

 Compared to the cytokines already discussed, osteonectin is a relatively novel marker. It is pleiotropic, with relationships to 

HbA1c
196

, carcinogenesis
116

, and collagen production
197

. It was included in this panel due to its strong relationship with adiposity and 



79 
 

leptin, both of which increase osteonectin secretion
89

, and its contribution to adipose tissue 

fibrosis, which increases insulin resistance and systemic inflammation
198

. Based on Table 20, its 

relationship to BMI is evident. 

 The direction and magnitude of change was uncertain for this novel marker - it would be 

expected to decrease with participants' adiposity, but increase due to exercise response. 

However, based on the results of a paired samples t-test there was no significant change (positive 

or negative) to osteonectin in the 7 participants analyzed. No significance was found in the 

paired samples t-test when pre/post measurements were log10 transformed. 

 Osteonectin correlated positively with the 1RM leg press (p = .044). Strength training 

increases bone mineral density and bone remodeling
199

, and osteonectin is a regulator of bone 

remodeling
200

. Though this relationship was not unexpected, its inclusion in this study of a pre-

surgical cohort may be novel - there appears to be a paucity of data describing pre-post values in 

obese but physically active individuals. There appears to be a larger body of literature describing 

osteonectin's metabolic implications without an intervention, or post-surgery only. Similarly, 

osteonectin is known to correlate positively with BMI and that relationship was supported here. 

This may be especially true in individuals who are obese and active, as participation in physical 

activity would provide a greater stimulus to increase bone density than in lighter individuals.  

 

4.2g  Osteocalcin 

 A comparison of ENCOURAGEing Start baseline Osteonectin values compared to 3 

other studies with a similar demographic is reported in Table 22. 
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Table 22: Interstudy serum osteocalcin concentrations  

  ENCOURAGEing 

Start 

 

Pereira et al
201

 * Ivaska et al
202

 * Colleluori et al
203

 

Population Obese M/F, 49.9 ± 

13.7 y 

Obese F, 37.2 ± 3.1 

y 

Obese M/F, 44.9  

± 9.5 y 

Obese M/F, 69  ± 1 

y 

Study 

purpose 

Exercise and 

cytokines 

Weight loss and 

bone health 

Bone metabolism 

after RxY 

Exercise/insulin 

control in frail 

older adults 

BMI 47.3 ± 5.6 47.7 ± 2.5 42.1 ± 4.0 37.3 ± 0.9 

Osteocalcin 

(pg/mL) 

3529 ± 2663 17800 ± 3000 5200 ± 1900 12400 ± 1000 

*Subjects awaiting Roux-en-Y gastric bypass surgery 

 Osteocalcin, an osteoblast-specific hormone, was included in this panel due to its association with insulin resistance and 

adiposity
118

. It is also regulated by leptin, whose downstream effects cause carboxylation of osteocalcin, a molecule containing up to 3 

gamma-carboxyglutamic acid residues in its structure
204

. Total, carboxylated, and uncarboxylated levels of osteocalcin may have 

different effects on adiposity but this is not yet well understood
118

. Total osteonectin (measured in this thesis) is inversely related to 
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IL-6
118

. As such, we would expect a relatively low mean value of osteocalcin compared to 

demographically similar studies, as the mean of IL-6 was relatively high. Although the 

associations of osteocalcin with metabolic disorder are established, there is a paucity of data 

examining osteocalcin levels in obese adults undergoing health interventions - study subjects are 

more often older adults.  

 Osteocalcin would be expected to decrease as a result of decreased adiposity. However, 

based on the results of a paired samples t-test there was no significant change (positive or 

negative) to osteocalcin in the 7 participants analyzed. No significance was found in the paired 

samples t-test when pre/post measurements were log10 transformed. 

 No significant correlations were seen between osteocalcin and the 6 minute walk test, 

1RM leg press, or BMI. There appears to be little research speaking to the association between 

osteocalcin and physical activity, but it would not have been surprising to see a relationship 

between osteocalcin and muscular strength (1RM leg press). Participants with higher leg strength 

could be expected to have more frequently engaged in resistance training (likely unstructured, 

and simply activities of daily living and ambulation), and resistance training does increase 

insulin sensitivity and interact with pathways relating to osteocalcin
205

. A relationship was 

expected with BMI
118

 but none of significance was found.  

  

4.2h  Summary of analyte panel 

 Just as additional electrodes in an EKG provide more detailed information on heart 

function, this panel of analytes associated with insulin resistance and metabolic dysfunction has 

provided a more precise picture than any analyte could individually. For example, had leptin 

been the sole analyte we might have questioned whether acute psychological stress (e.g. finding 
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a parking spot, getting to the blood draw appointment on time) impacted its circulating levels. In 

this scenario, we have reduced the odds of this scenario by including osteonectin (leptin 

increases osteonectin secretion
89

), IL-1β and MCP-1 (both of which will have a relationship to 

BMI, and therefore leptin
184

). Indeed, the panel allows us to observe that the 20 participants were 

experiencing systemic inflammation consistent with obesity (as shown by TNFα and MCP-1), 

and increased insulin resistance (as shown by IL-6 and osteonectin). Although no significance 

was seen in pre-post cytokine data nor in the composite scores, it is likely that the small sample 

size of this dataset negatively impacted our power to detect a difference between time points. 

Nonetheless, the composite data can be used to inform a sample size calculation for further 

research. 

 This approach to building an analyte panel is common, and leptin and adiponectin in 

particular are chosen in many studies due to their strong correlations with metabolic function. 

The majority of studies cited throughout this section also reported leptin
203,167,192,206

. IL-6 and 

TNFα are frequently included as measures of inflammation in many studies, though fewer as a 

primary outcome as compared to leptin. These markers are also important for bariatric patients in 

post-operative scenarios, as they can mark diabetogenic inflammation. Because there is no clear 

consensus regarding the effect size of RxY on several of these markers
82

, pre-surgical data from 

bariatric surgery patients may be helpful to contextualize the effects seen post-operatively. 

In addition to IL-6 and TNFα, inflammatory markers typically used in a post-bariatric surgery 

panel include C-reactive protein and serum amyloid A
82

. Both of these markers were considered 

for inclusion in the panel but had incompatible dilution factors. A rationale for their inclusion in 

bariatric-related studies is found in Table 23.  
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Table 23: Other commonly used analytes in post-bariatric surgery panels 

                                        ↑ Increases        ↓ Decreases         ↔ Unchanged 

Molecule 

Name  
 

Description Effects from 

exercise 

Relation to 

obesity 

Effects from 

roux-en-y 

gastric bypass 

surgery 

C-Reactive 

Protein 

(CRP) 

 

Protein synthesized by 

the liver, known mainly 

as inflammation marker. 

Independent risk factor 

for atherosclerosis and 

associated with 

diabetes
207

. 

↓by aerobic, 

even without 

change in 

weight
208

. 

↓by strength 

training
145

. 

↑ levels in obese 

individuals (it is 

the major 

determinant 

associated with ↑in 

obese individuals 

with metabolic 

syndrome
209

. 

↓ as soon as 3 

weeks post-op
210

. 

It is also a good 

predictor of post-

RxY 

complications
211

. 

Serum 

amyloid A 

(SAA) 

 

Protein synthesized by 

the liver, used as 

inflammation and 

immune function 

marker. Unlike CRP, its 

epigenetic pathways may 

lead to increased 

expression of other 

inflammatory factors
212

. 

↓by aerobic 

training 

program
213

, 

but one study 

shows no 

association 

with leisure-

time physical 

activity
214

 

↑ levels in obese 

individuals
215,216

. 

↓ by RxY 
217

 

 

 

 

4.3 Directions for future research 

4.3a Recruitment and sample size 

 Though it produced no statistically significant results, the paired sample t-test is 

appropriate for this study where the mean values of a given participant's score are compared pre- 

and post-intervention. The lack of significance shown in the cytokine profile changes could be 

due to the small sample size or may also be due to a true absence of change. The improvements 

in six minute walk test, leg press and chair stand were statistically, and perhaps clinically 

significant, and would therefore be expected to elicit the changes in biomarkers described in 



84 
 

Table 2. This limitation of sample size was due to the thesis analyzing a subgroup of participants 

who fully completed both the baseline and 16-week appointments in ENCOURAGEing Start. 

Recruitment targets for ENCOURAGEing Start (n=48) were not met (n=26), and were also 

based on a primary outcome of the six minute walk test. The largest missed opportunity for 

recruitment may have been in the first stage (Figure 5). At this time point, CMBS staff were to 

identify suitable candidates for ENCOURAGEing Start and provide the option of signing a 

consent to contact form, after which a staff member from ENCOURAGEing Start would call the 

patient to provide more information. Only 21.5% of the patients going through CMBS at this 

time completed a consent to contact form, though CMBS staff opined during initial discussion 

that the majority of patients would meet criteria for ENCOURAGEing Start. This may be due in 

part to the rural status of many patients in the program (patients living outside Winnipeg were 

not eligible to join ENCOURAGEing Start). However, 83.9% of patients who were contacted by 

ENCOURAGEing Start after completing the consent to contact form agreed to participate in the 

intervention. The high rate of study enrollment after patients had the opportunity to ask questions 

of an ENCOURAGEing Start staff member suggest that a future recruitment phase would benefit 

from the attendance of a future researcher at the large group CMBS seminars. This would 

increase visibility for the study and reduce false impressions of eligibility criteria and time 

requirements. Additional resources for the CMBS, created by the ENCOURAGEing Start team, 

may have been useful to reduce demands on the CMBS team in regards to discussing the 

intervention with patients. Alternately, any selection bias could be eliminated by all patients of 

CMBS being presented with general study information, and self-selecting to contact the 

ENCOURAGEing Start team, at which time more detailed eligibility criteria could be discussed. 
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 Ideally, this thesis will act as a pilot to suggest a sample size to power a larger study 

examining the effect of key cytokines in pre-surgical bariatric patients. This calculation could be 

done using tables presented by Cohen in Statistical Power Analysis for the Behavioral 

Sciences
218

. Using a primary outcome of leptin, we first calculate effect size index using 

Equation 1. 

 

 

Equation 2: calculation of d' in a two-tailed t-test without correlation 

 

 d' =   da  Where d' is the effect size index, d is the mean of the difference  

         sd   scores, and sd is the standard deviation of the difference   

    scores. 

 

 With a d' value of 0.809, power and sample size tables
218

 can be used with an α2 value of 

0.05 to determine that the power was 0.31. The indicated sample size for a subsequent study 

examining change in leptin levels in a similar population would be approximately n = 34 (90% 

power). As support for this target sample size, data reported by Cornish & Chilibeck
219

 may be 

considered. Calculations based on their study's IL-6 outcomes suggest that a total sample size of 

20 in each of the 2 time points is required to detect a 25% difference between groups (80% 

power, two-tailed alpha = 0.05; distribution of 9.5 ± 2.5 pg/mL [Mean ± SD]). Therefore, it 

could reasonably be stated that a target sample size for a future intervention focused on similar 

cytokines would be 20 or more. The recruitment number needed to attain the target of 20 post-

intervention samples is difficult to estimate.  

 The largest setback to keeping participants in the study was, ironically, their success in 

achieving criteria to undergo surgery. Nearly half of ENCOURAGEing Start participants (11 of 

26) dropped out for this reason. When the intervention was designed, the structure (Figure 4) 

allowed some clearance between the conclusion of ENCOURAGEing Start and their earliest 
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potential surgery date. However, several logistical delays such as the method to provide gym 

memberships and access cards to participants, accruing a sufficiently large first cohort, training 

research staff and completing data collection appointments meant that many participants would 

be entering the intervention at a later point in their CMBS journey than was optimal. Future 

interventions drawing from CMBS would be well advised to maintain a larger separation 

between inter-organizational time points where possible. A decreased time between receiving 

consent-to-contact forms and commencement of the intervention would likely reduce the dropout from 

participants undergoing surgery. The addition of a floating pre-surgery blood draw may also be useful to 

capture data from participants requiring dropout to undergo surgery.  

 The data of the 11 participants who were required to drop out due to surgery could 

reasonably have been expected to bolster the already-significant pre-post improvements. 

Successful adherence to healthy lifestyle choices, including physical activity and diet, were 

among the individualized eligibility criteria to be accepted for surgery from CMBS. It is 

recommended that future intervention protocols not remove any of ENCOURAGEing Start's 

tests that did not reach significance, as they were evidence-informed and may very well reach 

statistical significance when data from these individuals confirmed to be successful in lifestyle 

change is not removed from analysis. 

 

4.3b Analytes 

 The choice of biomarkers for analysis was selected due to the known relationships in 

obesity and fitness, and similar dilution factors used in the assay process. Additional biomarkers 

with extensive research into their properties, such as adiponectin, were identified as being of 

interest but excluded due to the different dilution ranges and the incremental cost of additional 

analysis kits. The absence of adiponectin in particular was a challenge, as it is a cytokine 
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frequently reported in cytokine and obesity-related studies. Other analytes identified as being of 

interest but removed from the project due to feasibility and cost were resistin, visfatin, vaspin, 

and gamma glutamyl transferase. Some of these analytes are described in Table 24, and may 

provide broader insight into the health benefits of an intervention. As this was a pilot, the quasi-

experimental study was initiated not to examine every relevant cytokine, but to establish data 

regarding the physical activity intervention and inform future randomized controlled trials.  

 The relatively large number of cytokines analyzed in this thesis is greater than typically 

seen in studies examining cytokines in bariatric patients. As described in section 4.2h, this is 

because analysis of cytokines in bariatric patients within the context of a physical activity 

intervention is rare. It is more typical that the analyses focus on cytokines pre/post surgery. 

Therefore, this approach necessitated an inclusion of both the pro-inflammatory cytokines known 

to be associated with increased adiposity, and the anti-inflammatory cytokines known to be 

associated with physical activity. Had irisin not been below detectable ranges, an anti-

inflammatory composite consisting or irisin and osteonectin could have been reported alongside 

the inflammatory composite consisting of IL-6, IL-1β, TNFα, MCP-1.  

 In my opinion, a researcher planning a randomized controlled trial spanning the period of 

time between a pre-surgical physical activity intervention to long-term post-operative follow-up 

should consider including, as a minimum, all analytes used within this thesis. There is 

uncertainty regarding the effect of bariatric surgery even on certain commonly-analyzed 

cytokines such as TNFα
82

. An analysis of these cytokines through the entire journey of the 

bariatric patient would be novel, and could potentially elucidate relationships or potential 

mechanisms heretofore unknown. An analysis of such longitudinal data may have the potential to 
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tease out individual analytes or composite scores that predict long-term success and weight 

management after surgery. 
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 Table 24: Biomarkers of future interest               ↑ Increases        ↓ Decreases         ↔ 

Unchanged 

Molecule 

Name and 

type 

Description Effects from 

exercise 

Relation to 

obesity 

Effects from 

roux-en-y 

gastric bypass 

surgery 

Adiponectin 

 

Adipokine 

Hormone produced 

primarily by white 

adipose tissue
220

. Anti-

inflammatory, protective 

role in development of 

atherosclerosis
221

. 

Increases insulin 

sensitivity
222

 

↑ by aerobic, 

though not 

nearly as much 

as the ↑ from 

diet 

interventions
220

 

↔ strength 

training
223

 

Paradoxically 

produced by 

adipose tissue 

but negatively 

correlated with 

obesity 
224

,and 

cardiovascular 

disease
220

 

↑ with a 

slightly 

stronger effect 

in non-diabetic 

patients
225

 

Resistin 

 

Adipokine 

Hormone primarily 

secreted by peripheral-

blood mononuclear cells 

(though it is secreted by 

adipose tissue in 

rodents)
226

. Increases 

insulin resistance
227

 

↓by aerobic in 

type 2 

diabetes
228

. 

Associated 

with reduced 

exercise 

capacity
229

 

Increases 

expression of 

pro-

inflammatory 

cytokines 

including IL-6 

and TNF-α. 

Obesity may 

decrease serum 

concentration
230

 

No effect from 

non-surgical 

weight loss in 

adolescents
231

 

or adults
167

. ↓ 

post- RxY , 

stronger effect 

than banding
232

 

Visfatin / 

Nicotinamide 

Phosphoribos

yl-tranferase 

 

Adipokine 

Though the research 

describing it as an 

insulin mimetic cytokine 

has been retracted
233

, 

this hormone may have 

a protective effect 

against  skeletal and 

cardiac muscle 

dysfunction during 

metabolic stress
234

 and 

is correlated to IL-6, 

TNF-α and other 

inflammatory markers
235

 

Effects 

demonstrated 

thus far are 

variable and 

may be related 

to subject 

characteristics
2

36
 

Shown to be a 

surrogate marker 

of inflammation 

in the obese and 

elderly
237

, and is 

found in higher 

levels in cases of 

obesity with type 

2 diabetes than 

obesity alone
238

 

Some research 

shows its pre-

surgical levels 

in obese 

subjects
239

, but 

it appears there 

is no data on 

pre-post levels 

for any 

bariatric 

surgery type 

Vaspin 

 

Adipokine 

Adipokine expressed in 

adipose tissue, stomach, 

liver, pancreas, skin
240

. 

Reported to be 

associated with obesity 

and impaired insulin 

sensitivity
241

. 

↑ by aerobic
241

. 

Strength 

training effect 

uncertain. 

↑ levels in obese 

individuals
241

. 

Insulin resistance 

status may affect 

the relationship 

between 

weight/weight 

loss/vaspin
242

. 

↓ by RxY
86

 



90 
 

4.3c Method of analysis 

 The analysis of cytokine profiles via magnetic bead-based multiplex assay was an 

efficient method by which to analyze groups of cytokines requiring similar dilution factors. 

However, peripheral (serum) measurements of these cytokines may be more prone to fluctuation 

than an examination within their secreting cells. For example, although leptin secretion rates in 

adipocytes correlate well with serum leptin levels
243

, evidence on TNFα and other cytokines is 

conflicting
244

. Several studies analyze adipose tissue excised during bariatric or other surgeries
69

, 

though this was not feasible for this project. 

 

4.3d Appointment and Intervention Timing 

 Because circulating levels of several analytes are strongly affected by acute stimuli, the 

structure of the blood draw appointments may have been an additional design weakness. For 

example, it is not impossible that a walk from a parking lot on a busy weekend morning caused a 

participant to reach 60% of their maximum heart rate shortly before the blood draw, which has 

been shown significantly lower serum leptin
245

. In order to accommodate the participants, the 

writer arranged a variety of appointment times, ranging from 6:30 AM weekday appointments to 

10:30 AM on a Saturday. Appointment times were structured in 15 minute blocks. Participants 

were given standard instructions for fasting bloodwork, including avoidance of "exercise" for 24 

hours. As the blood lab was located in the same building as the Active Living Centre and 

walking track, there was no way to verify that participants who arrived early did not engage in 

physical activity while waiting for their appointment. This risk seemed to be more prevalent on 

weekends, where several participants were observed to attend in gym clothes, stating that they 

had planned to build a workout into their visit, and even bringing family members to be active 
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with. Rather than giving specific time slots for their appointment, a more appropriate method 

may have been providing a window of time that would encourage participants to present to the 

lab promptly upon arrival and sit for a prescribed time, rather than "killing time" elsewhere in the 

building.  

 In addition to the demographic heterogeneity which comprises the normative cytokine 

data, the signaling between cytokines (even the few described in this thesis) has a confounding 

effect. For example, serum leptin is increased by the presence of TNFα
246

, which is in turn 

increased by psychological stress
247

. It is entirely plausible that if the blood draw occurred within 

45 minutes of the participant of trying to find a parking spot, or the lab itself, multiple variables 

would be affected. As it unlikely that every possible source of psychological stress could be 

eliminated prior to the blood draw, or that a participant could be monitored to confirm prior 

physical inactivity, the analysis of several cytokines is vital in any thorough study. Measuring 

both the relationship between cytokines and the properties each individual cytokine displays are 

necessary to elucidate trends and mechanisms of change and are a recommended part of any 

future study. 

 It is recommended for future implementations of this intervention increase the window of 

time prior to the blood draw during which participants are advised to avoid physical activity. 

ENCOURAGEing Start directed participants to avoid exercising for 8 hours prior to the 

appointment. Cornish and Chilibeck's study
219

 measuring IL-6 and TNF-α after 12 weeks of 

resistance training directed participants to refrain from moderate to vigorous exercise for a 

minimum of 3 days before blood sample collection. Dekker et al's study measuring IL-6 and C-

reactive protein (an inflammatory marker)
188

 after 12 weeks of aerobic training directed 

participants to refrain from strenuous exercise for a minimum of 4 days before blood sample 
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collection. No protocol identified during the literature review described a no-exercise window as 

brief as the one used in ENCOURAGEing Start. Not controlling the temporal proximity of 

exercise to the blood draw, in addition to not defining what "exercise" meant for these 

instructions, quite likely effected cytokine measurements. It is recommended that the no-exercise 

buffer be a minimum of 72 hours, as serum leptin is known to decrease by approximately 30% 

48 hours after moderate-intensity physical activity
248

.  

 Finally, it is unclear whether the significant changes seen in body fat percentage can be 

attributed to the intervention, as participants also underwent Craving Change through CMBS, 

which is a cognitive-behavioral program for emotional eating. The presence of a control group to 

establish whether ES participants lost less lean body mass in this process would be valuable, as 

maintenance of lean body mass is associated with improved functional outcomes post-surgery. 

The absence of a control group is an inherent weakness of the quasi-experimental methodology. 

 

4.3e Intervention structure and content 

 The integration of social media may be an effective method of reducing dropout and 

increasing participation in health-related or behavior change interventions
249

. Social media can 

provide physical activity-related behavior change techniques not otherwise available, such as 

providing normative information about others' behavior and facilitating social comparison
250

. 

In early discussion with CMBS, the ENCOURAGEing Start team suggested the usage of social 

media as a component of the intervention in the form of a hidden, invitation-only Facebook 

group. This would serve to enhance the interactive nature of the weekly assignments and 

increase program adherence. For example, the participants would discuss their response to 

homework questions such as "what activity did you try in the community this week, and do you 
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have any thoughts you would like to share? Take a look at what your classmates have chosen - 

are there any ideas that interest you?". This would also help participants stay connected with the 

program if they were forced to miss a week, as seen in Figure 13. This figure depicts a real post 

(with names removed) from an unrelated physical activity intervention. 

 

Figure 13: Facebook post from a physical activity intervention 

 

 

 

 

 

 

 

 

 

 

 

 

  

 As CMBS expressed a desire not to use social media in any form, this component was not 

implemented. However, the majority of participants reported that they did "friend" each other on 

Facebook and join other Facebook groups which were observed to disseminate inaccurate health 

information. Researchers delivering a future iteration of ENCOURAGEing Start would be 
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encouraged to consider the integration of social media (with participation being optional) in 

whatever form is accessible and timely. 

 Although no formal questionnaire was administered to participants for evaluation of the 

components of ENCOURAGEing Start, participant feedback during the sessions indicated a 

desire for flexibility of exercise choices (rather than being bound only to the track for Walk & 

Talk), and high levels of enjoyment from the Thursday sessions, particularly the session focused 

on recreational sports. 

4.4 Conclusion 

 The baseline cytokine profiles of the participants are broadly similar to other 

demographically similar cohorts, though the inherently wide range of cytokines resulted in large 

standard deviations. Although difficult to compare these participants to meaningful norms, they 

displayed inter-analyte trends suggesting a state of inflammation and insulin resistance consistent 

with obesity. Intervention and research goals, as well as the structure of data collection and blood 

draw appointments, should be considered while developing a cytokine panel for future studies.  

 The ENCOURAGEing Start intervention was associated with a statistically significant 

improvement in several functional and health measures, including the 6 minute walk test 

(10.7%), indirect 1RM leg press (31.5%), 30 second chair stand (29.3%), PHQ-9 (49.4%) and 

Laval QOL (19.0%). Although these outcomes would suggest that participants received a 

sufficient dose of physical activity to elicit measurable change in the cytokines (leptin, IL-1β, 

apelin, MCP-1, IL-6, TNFα, osteonectin and osteocalcin), pre-post analysis of these 7 analytes 

did not reach statistical significance. It is unknown whether the lack of significance is due to the 

small sample size or a true absence of change. Several statistically significant correlations were 
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seen at baseline and 16-week time points, with the highest significance being the established 

relationships between BMI and IL-1β, IL-6, and osteonectin.   

 Based on the positive health outcomes from the intervention, it is recommended that a 

large study be done using the existing ENCOURAGEing Start framework while incorporating 

the logistical and data collection changes described in this thesis. The intervention would appear 

to be broadly generalizable based on the participant demographics and their pre-surgical status. It 

is anticipated that the intervention could be carried out in other centers, perhaps with even 

greater results if the location was easily accessible and attended by diverse clientele. 
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Title of Study:  An Integrated Surgical and Physical Activity Program to Identify Bariatric Surgery 

Quality Indicators and Evaluate Patient Outcomes and Quality of Life 

 

Principal Investigator: Dr. Krista M Hardy, MD, MSC, FRCSC, FACS. University of Manitoba, Rady 

Faculty of Health Sciences, Max Rady College of Medicine, Department of Surgery, Assistant Professor; 

St. Boniface General Hospital, Z3049-409 Taché Avenue, Winnipeg, MB, Canada, R2H 2A6; Phone: 

(204) 237-2574, Fax: (204) 237-3429, Email: khardy@sbgh.mb.ca 

 

Co-Investigators: 

 

(1) Dr. Todd Duhamel, PhD. Associate Professor, University of Manitoba, Faculty of 

Kinesiology and Recreation Management. Principal Investigator, Institute of Cardiovascular 

Sciences, St.Boniface General Hospital Albrechtsen Research Centre. R4012 - 351 Taché Ave, 

Winnipeg, MB, Canada, R2H 2A6. Phone (204) 235-3589. Email:  tduhamel@sbrc.ca 

(2) Dr. Kathleen M Clouston, PhD. University of Manitoba, Rady Faculty of Health Sciences, 

Max Rady College of Medicine, Department of Surgery, Nil Appointment and Research 

Associate; St. Boniface General Hospital, 409 Taché Avenue, Z3033, Winnipeg, MB, Canada, R2H 

2A6. Phone: (204) 258-1479, Fax: (204) 237-3429, Email: kclousto@cc.umanitoba.ca. 

(3) Dr. Ashley S Vergis, MD, MMEd, FRCSC, FACS. University of Manitoba, Rady Faculty of 

Health Sciences, Max Rady College of Medicine, Department of Surgery, Associate Professor; St. 

Boniface General, St. Boniface General Hospital, Z3039-409 Taché Avenue, Winnipeg, MB, 

Canada, R2H 2A6; Phone: (204) 237-2574, Fax: (204) 237-3429, Email: avergis@sbgh.mb.ca 

 

Sponsor(s): University of Manitoba Department of Surgery GFT; Victoria General Hospital Foundation. 
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You are being asked to participate in a Clinical Trial (a human research study). Please 

take your time to review this consent form and discuss any questions you may have with the 

study staff. You may take your time to make your decision about participating in this clinical 

trial and you may discuss it with your regular doctor, friends and family before you make your 

decision. This consent form may contain words that you do not understand. Please ask the study 

doctor or study staff to explain any words or information that you do not clearly understand. 

 

The study doctors and the University of Manitoba are receiving financial support to conduct this 

study. 

Purpose of the Study 

This Clinical Trial is being conducted to study whether a physical activity and behavioral 

modification/education program, completed before surgery, improves outcomes and quality of 

life for patients who have bariatric surgery. Some of the outcomes include the amount of weight 

lost after the surgery, the amount of weight loss maintained over time, and improvements in 

obesity-related diseases you may have (example: diabetes and heart disease). You are being 

asked to take part in this study because the Centre for Metabolic and Bariatric Surgery has 

accepted you for publicly funded Roux-En-Y bariatric surgery. A total of 24 (minimum) to 48 

(maximum) participants will participate in this program. 

 

This research is being done because the role of physical activity and behavior 

modification/education in supporting successful patient outcomes and improved quality of life 

after bariatric surgery have not been established in Manitoba. The information obtained from this 

study will help inform, design and plan the implementation of such a program with the Winnipeg 

Regional Health Authority, Manitoba Health, and the Centre for Metabolic and Bariatric 

Surgery. 

 

Study Procedures 

In this study, you will receive the standard of care provided to all patients accepted for 

publically funded Roux-En-Y gastric bypass surgery at the Centre for Metabolic and Bariatric 

Surgery. This includes having two to four multidisciplinary visits over six months, receiving 

exercise counseling from a kinesiologist, completing a behavior modification program entitled 

Craving Change
TM

, and achieving patient-tailored and specific lifestyle and dietary modification 

goals necessary to be scheduled for surgery. You will also take part in the 16 week pre-operative 

physical activity-behavioral modification/education program. This includes participating in a 

tailored physical activity and education program with follow-up about your experiences with the 

study coordinator by phone and/or email. The physical activity you will be involved in will be 

tailored to your specific capabilities and needs and will be safe. You will be asked to complete 

two supervised and structured exercise classes per week for eight weeks. The education sessions 

will be integrated into the bi-weekly physical activity sessions of the first eight weeks. Topics 
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will include how to reducing risk factors, healthy eating strategies, physical activity, stress 

management and promotion of self-managed care. 

 During the second eight weeks of the program, you will have access to drop-in exercise 

classes at the Active Living Centre (University of Manitoba Fort Gary Campus). Additional 

support will be provided to you to overcome barriers preventing you from being physically 

active and/or to address other areas of concern. In addition, you will have the opportunity to meet 

with the kinesiologist at least four times (for an hour) throughout the 16-week intervention for 

additional physical activity counseling. Attendance during the 16-week intervention will be 

recorded. 

As part of standard care and the physical activity-education program, you will be asked to 

complete the following tests and procedures at various intervals over the course of the 16 week 

program (baseline, 8 weeks and/or 16 weeks) and after surgery (at one-year and five years): 

1. Measurement of height, weight, waist, hip and neck circumference  

2. Physical activity, strength, and endurance measurements using the 6 Minute Walk Test, 

Sit to Stand test, One-Repetition Maximum Leg Press, 5 meter gait-test, hand grip and 

arm curl test  

3. Heart Rate Monitoring (self-monitored at certain times during physical activity) 

4. Blood Pressure Measurement 

5. Small and large artery elasticity measurement (non-invasive; similar to blood pressure 

measurement using a cuff) 

6. Bioelectrical Impedance Analysis (InBody 270 Body Composition Analyzer) 

7. Blood Analysis at baseline, 16 weeks and one year (total, LDL, and HDL cholesterol, 

triacylglycerides, blood glucose; HA1c; total of two to four teaspoons of blood). 

8. Wearing a waistband or wristband accelerometer, 24 hours a day for 7 days, to measure 

and record physical activity levels (at Baseline, 8 and 16 weeks and one year) 

9. Quality of Life, Patient Satisfaction-Health-Depression, and select Self-Compassion-

Anxiety-Physical Activity Questionnaires. It will take about 20 minutes to complete the 

surveys. 

 

Study participants will have the option to participate in a Secret Facebook Group to facilitate 

interaction among study participants and their ALC exercise instructors outside of the bi-weekly 

sessions held at the ALC. This aspect of the program is also meant to provide an additional way 

to access and interact with some of the study education materials. It is meant to provide a 

supportive and encouraging environment that may help in learning and applying positive lifestyle 

choices and changes. Members of the Secret Facebook Group will be seen only by members of 

the group (who are study participants) and cannot be seen by the public. Therefore, patients 

choosing to participate in the Secret Facebook Group have the potential to be identified by those 

study participants who are also part of the Secret Facebook Group. Patient participation in this 

aspect of the program is optional and will not affect your acceptance to participate in this study. 

You will be asked to complete a brief questionnaire about the use of Facebook at the end of the 

study. 
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The study researchers may decide to take you off this study if you have or developed any 

orthopedic, neurologic or cardiopulmonary conditions that prevent you from participating in 

moderately strenuous exercise or if you are unable to commit to attending the regular training 

and education sessions of the intervention program. You can decide to stop participating in the 

program at any time. If you decide to stop participating in the study, we encourage you to talk to 

the study staff and your regular doctor first. 

Study results (group and/or individual) will be made available to participants upon 

request.  

 

Risks and Discomforts 

 

Every effort will be made to ensure your safety and prevent injury during exercise. A 

kinesiologist with Certified Exercise Physiologist certification will tailor your exercise plan to 

your specific abilities, supervise your exercise sessions during the first eight weeks of the 16 

week program, and be available to answer any questions and/or concerns you have during the 

second eight weeks of the program. While participating in the study, you may have certain minor 

physical risks (feeling short of breath, muscle strains, sprains) related to participation in the 

physical activity component of the program. Please immediately report any concerns about 

injury incurred as a result of the exercise intervention to the Principal Investigator (Dr. Krista 

Hardy). We will assess it and may request an independent evaluation by your physician or the 

appropriate health care professional. 

Answering certain questionnaires may make you feel uncomfortable. If this occurs, you 

may opt out of completing them and still remain in the study. You can expect to be asked about 

whether you have any health conditions and how you think and feel about it. You will also be 

asked about your thoughts and feelings about your body and physical activity. You may also 

experience some bruising and discomfort associated with the blood draw which is also associated 

with a slight risk of infection.  

 

Medical Care for Injury Related to the Study 

 

In the case of injury or illness resulting from this study, necessary medical treatment will 

be available at no additional cost to you. If you should become physically injured as a result of 

any research activity, the study doctor will provide any necessary treatment, at no charge, to help 

you promptly recover from the injury. 

Benefits 

 

By participating in this study, you will be helping the study doctors collect information 

that will show whether the effects of the physical activity and behavior modification/education 
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program has beneficial effects for patients treated with Roux-En-Y gastric bypass surgery. There 

may or may not be direct medical benefits to you from participating in this study. We hope the 

information gathered and the knowledge learned from this study will benefit future participants 

undergoing Roux-En-Y gastric bypass by supporting the creation and implementation of a 

permanent pre-operative physical activity-education-behavior modification program. 

 

Costs and payment for participation 

All clinic and professional fees, diagnostic and laboratory tests performed as part of this 

study will be provided at no cost to you. There will be no parking costs for you at the Active 

Living Centre during the 16 week program. You will not receive payment or reimbursement for 

any other expenses related to taking part in this study (example travelling expenses). 

 

Confidentiality 

The information gathered from this research study may be published or presented in 

public forums, however your name and other identifying information will not be used or 

revealed. Medical records that contain your identity will be treated as confidential in accordance 

with the Personal Health Information Act of Manitoba. Despite efforts to keep your personal 

information confidential, absolute confidentiality cannot be guaranteed. Your personal 

information may be disclosed if required by law. All study documents related to you will bear 

only your assigned patient identification number (called the study ID) and /or initials. With 

patient consent, HAMD questionnaire results for depression may be shared with a patient’s 

primary care provider in order to support/facilitate necessary treatment for depression.With your 

permission, your family physician (general practitioner; GP) may be notified about your 

participation in this study. 

 

De-identified/anonymous patient health information, study outcome measurements and 

questionnaire results will be entered into an electronically secure REDCap Database and coded 

by study ID. In order to ensure protection of personal health information and to maintain 

confidentiality, any information entered into the computer or transmitted electronically will be 

de-identified and coded with the patient specific study ID number only.  

 

Medical and research study records containing personal health information will be 

accessed only by those individuals with permission to do so. This includes the study doctors and 

study coordinator only. The University of Manitoba Health Research Ethics Board may review 

research-related records for quality assurance purposes. All records will be kept in a locked, 

secure area. If any of your medical/research records need to be copied to any of the above, your 

name and all identifying information will be removed. No information revealing any personal 

information such as your name, address or telephone number will leave the University of 

Manitoba. 
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Voluntary Participation/Withdrawal from the Study 

 

Your decision to take part in this study is voluntary. You may refuse to participate or you 

may withdraw from the study at any time. If you decide not to participate or to withdraw from 

the study, it will not effect any of your medical care at this site. If your study doctor feels that it 

is in your best interest to withdraw you from the study, your study doctor will remove you 

without your consent. We will tell you about any new information that may affect your health, 

welfare, or willingness to stay in this study. 
 

Questions  

 

You are free to ask any questions that you may have about your treatment and your rights 

as a research participant. If any questions come up during or after the study or if you have a 

research-related injury, contact the study doctor and/or the study staff:  Dr. Krista Hardy at (204) 

237-2574 or Dr. Kathleen Clouston at (204) 258-1479. 

 

For questions about your rights as a research participant, you may contact The University of 

Manitoba Health Research Ethics Board at (204) 789-3389.  

 

Do not sign this consent form unless you have had a chance to ask questions and have received 

satisfactory answers to all of your questions. 

 

Statement of Consent 
 

I have read this consent form. I have had the opportunity to discuss this research study 

with Dr. Krista Hardy and/or her study staff. I have had my questions answered by them in 

language I understand. The risks and benefits have been explained to me. I believe that I have 

not been unduly influenced by any study team member to participate in the research study by any 

statement or implied statements. Any relationship (such as employee, student or family member) 

I may have with the study team has not affected my decision to participate. I understand that I 

will be given a copy of this consent form after signing it. I understand that my participation in 

this clinical trial is voluntary and that I may choose to withdraw at any time. I freely agree to 

participate in this research study. 
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I understand that information regarding my personal identity will be kept confidential, 

but that confidentiality is not guaranteed. I authorize the inspection of my medical records by 

The University of Manitoba Health Research Ethics Board.  

By signing this consent form, I have not waived any of the legal rights that I have as a participant 

in a research study. 

I agree to being contacted in relation to this study. Yes      No  

 

 

I agree that my family physician can be notified about my participation in this study.   

Yes  No  

 

Participant signature_________________________    Date __________________  

  (day/month/year) 

 

Participant printed name: ____________________________     

                                                                    (First, Last) 

 

I, the undersigned, have fully explained the relevant details of this research study to the 

participant named above and believe that the participant has understood and has knowingly 

given their consent. 

 

Printed Name: _________________________ Date ___________________ 

                                          (First, Last)                                                 (day/month/year) 

 

Signature: ____________________________     

 

Role in the study: __________________________     
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Appendix B: 

 Map for 6 minute walk test in Active Living Centre  
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Appendix C: 

Information sheet given to CMBS patients at seminar 
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ENCOURAGEing Start 
Physical Activity Program 

The University of Manitoba is proud to offer a free new healthy living and physical activity 

initiative designed for patients of the Centre for Metabolic and Bariatric Surgery. This research-

informed 16 week program will help you develop skills to enjoy the benefits and overcome 

barriers towards a healthy lifestyle, and provide the knowledge and confidence to create or find 

your own physical activity opportunities as you strive for long-term change.  The program takes 

place at the University of Manitoba's state-of-the-art Active Living Centre and is created by a 

Canadian Society for Exercise Physiology Certified Exercise Physiologist  (CSEP-CEP): the highest 

standard of health and fitness certification in Canada. The program was developed in 

collaboration with physical activity researchers in the Faculty of Kinesiology and Recreation 

Management and clinicians working in the Bariatric and Metabolic Surgery Clinic. 

Structured sessions will take place Tuesdays and Thursdays evenings beginning October 31 and 

finishing December 21.The program will continue for an additional 8 week (ending Feb 15) in a 

format which allows greater flexibility with no set times – follow-up with instructors will be 

done in person, by telephone, or by email (your choice). 

Please contact Alex Edye-Mazowita at 204-474-7858 or encourage@umanitoba.ca to find out 

more about the program or to register for your first research appointment.  

The exact time of classes depends on the number of initial registrants. It will start at a time 

between 6:30 and 7:45 on both Tuesday and Thursday, and we will confirm that time with you 

no later than October 18. 

 

 

 

 

 

 

mailto:encourage@umanitoba.ca
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Q: Besides the two sessions per week, are there any other time commitments to the study? 

A: Yes. Because this program is also a research study, we will be collecting data such as 

questionnaires and activity levels (measured by a small wearable device known as an 

accelerometer). At your first appointment, a researcher will go through a consent package to 

explain these procedures and answer any questions that you might have. 

 

Q: Are there any restrictions related to body weight? 

A: Yes. Because of the specifications of equipment that will be used throughout the program, 

we are only able to accommodate participants weighing less than 350 pounds. 

 

Q: Do I need to have a certain level of fitness to participate? 

A: You will get the most out of the program if you are able to walk for at least 5 minutes at a 

time, and transition from a standing position to a sitting or laying position on the ground. 

 

Q: Will we be exercising in the main gym area with other members such as university 

students? 

A: On Tuesdays we will mostly use the walking track on the third floor of the Active Living 

Centre, which is accessible to any user. You will be walking with a partner and occasionally 

stopping for skill-building instructor-led activities. Our Thursday exercise sessions will take place 

in more private areas. For example, you will learn to use exercise equipment in our Applied 

Research Facility, and will have the option in later weeks of using similar equipment in the main 

gym area or remaining in the Applied Research Facility.  

 

Q: Will this program provide us with nutritional information such as meal plans? 

A: No. The Centre for Metabolic and Bariatric Surgery will remain your source for dietary 

information – this program focuses on physical activity and general lifestyle.  
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Appendix D: 

Magnetic bead panel manufacturer's guide (sample excerpt) 
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Human Myokine Magnetic Bead Panel 
 

INTRODUCTION 

 

It is increasingly becoming apparent that skeletal muscle, besides being an organ for energy 

storage, is also actively involved in the synthesis and secretion of many proteins. These secretory 

proteins can be collectively termed as “myokines”. 

 

Muscle contraction during physical activity is an important activator of the release of the 

myokines. Myokines not only can act in autocrine and/or paracrine manner in regulation of 

skeletal muscle growth, they can also act as endocrine hormones to mediate inter-organ 

crosstalk. The myokine theory provides molecular mechanistic explanations to the exercise-

induced metabolic changes in liver and adipose tissue as well as the profound changes in 

immune and neuron systems. 

 

MILLIPLEX® MAP offers the broadest selection of analytes across a wide range of disease states and 

species. Once the analytes of interest have been identified, you can rely on the quality that we 

build into each kit to produce results you can trust. In addition to the assay characteristics listed in 

the protocol, other performance criteria evaluated during the validation process include: cross-

reactivity, dilution linearity, kit stability, and sample behavior (e.g. detectability and stability). 

 

Each MILLIPLEX® MAP panel and kit includes: 

 Quality controls (QCs) provided to qualify assay performance
 Comparison of standard (calibrator) and QC lots to a reference lot to ensure 

lot-to-lot consistency

 Optimized serum matrix to mimic native analyte environment
 Detection antibody cocktails designed to yield consistent analyte profiles within panel

In addition each panel and kit meets stringent manufacturing criteria to ensure batch-to-batch 
reproducibility. In order to meet the increasing need to provide quantification assays for 
myokines in pre-clinical and translational research models, EMD Millipore has developed the 
MILLIPLEX® MAP Human Myokine Magnetic Bead Panel. Coupled with the Luminex® xMAP® 

platform in a magnetic bead format, you receive the advantage of ideal speed and sensitivity, 
allowing quantitative multiplex detection of dozens of analytes simultaneously, which can 
dramatically improve productivity. 

 

EMD Millipore’s MILLIPLEX® MAP Human Myokine Magnetic Bead Panel is part of the most 

versatile system available for myokine research. From our single to multiplex biomarker 

solutions, we partner with you to design, develop, analytically validate and build the most 

comprehensive library available for protein detection and quantitation. 
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 MILLIPLEX® MAP offersyou:
o The ability to choose any combination of analytes from our panel of 15 

analytes to design a custom kit that better meets your needs. 
o A convenient “all-in-one” box format that gives you the assurance that you will 

have all the necessary reagents you need to run your assay. 

 

EMD Millipore’s MILLIPLEX® MAP Human Myokine Magnetic Bead Panel is a 15-plex kit to be used 

for the simultaneous quantification of any or all of the following analytes in serum or plasma 

samples: Apelin (APLN), Brain-derived Neurotrophic Factor (BDNF)*, Erythropoeitin (EPO), Fatty 

Acid-Binding Protein 3 (FABP3), Fibroblast Growth Factor 21 (FGF21), Fractalkine/CX3CL1, 

Follistatin-Like 1 Protein (FSTL-1), IL-6, IL-15, Irisin, Leukemia Inhibitory Factor (LIF), Myostatin 

(MSTN)/GDF8, Oncostatin M (OSM), Osteocrin/Musclin (OSTN), and Osteonectin (SPARC). 

 

For Research Use Only. Not for Use in Diagnostic Procedures. 

Please read entire protocol before use. 

It is important to use same assay incubation conditions throughout your study. 

 

PRINCIPLE 

MILLIPLEX® MAP is based on the Luminex® xMAP® technology — one of the fastest 

growing and most respected multiplex technologies offering applications throughout the 

life-sciences and capable of performing a variety of bioassays including immunoassays on 

the surface of fluorescent-coded magnetic beads known as MagPlex®-C microspheres. 

 

 Luminex® uses proprietary techniques to internally color-code microspheres with two 
fluorescent dyes. Through precise concentrations of these dyes, distinctly colored bead 
sets of 500 5.6 µm polystyrene microspheres or 80 6.45 µm magnetic microspheres can 
be created, each of which is coated with a specific capture antibody.

 After an analyte from a test sample is captured by the bead, a biotinylated detection 
antibody is introduced.

 The reaction mixture is then incubated with Streptavidin-PE conjugate, the reporter 
molecule, to complete the reaction on the surface of eachmicrosphere.

 EMD Millipore provides three Luminex® instruments to acquire and analyze data using 
two detection methods:

o The Luminex® analyzers Luminex® 200™ and FLEXMAP 3D®, flow cytometry- 

based instruments that integrate key xMAP® detection components, such as 
lasers, optics, advanced fluidics and high-speed digital signal processors. 

o The Luminex® analyzer (MAGPIX®), a CCD-based instrument that integrates key 

xMAP® capture and detection components with the speed and efficiency of 
magnetic beads. 

 Each individual microsphere is identified and the result of its bioassay is quantified 
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based on fluorescent reporter signals. EMD Millipore combines the streamlined data 

acquisition power of Luminex® xPONENT® acquisition software with sophisticated 

analysis capabilities of the new MILLIPLEX® Analyst 5.1, integrating data acquisition and 

analysis seamlessly with all Luminex®instruments.

 

The capability of adding multiple conjugated beads to each sample results in the ability to 

obtain multiple results from each sample. Open-architecture xMAP® technology enables 

multiplexing of many types of bioassays reducing time, labor and costs over traditional 

methods. 

STORAGE CONDITIONS UPON RECEIPT 

 Recommended storage for kit components is 2 - 8°C.

 For long-term storage, freeze reconstituted standards and controls at -20°C. Avoid 
multiple (>2) freeze/thaw cycles.

 DO NOT FREEZE Antibody-Immobilized Beads, Detection 
Antibody,and Streptavidin-Phycoerythrin.

 

REAGENTS SUPPLIED 

Note: Store all reagents at 2 – 8°C 

Reagents Supplied 
Catalog 
Number 

Volume Quantity 

Human Myokine Standard HMY-8056 Lyophilized 1 vial 

Human Myokine Quality Controls 1 and 2 HMY-6056 Lyophilized 1 vial each 

Bead Diluent LBD 3.5 mL 1 vial 

Serum Matrix 

Note: Contains 0.08% Sodium Azide 
MXHSM-10 Lyophilized 1 vial 

Set of one 96-Well Plate with 2 sealers ----------- ----------- 
1 plate 

2 sealers 

Assay Buffer L-AB 30 mL 1 bottle 

10X Wash Buffer 

Note: Contains 0.05% Proclin 
L-WB 60 mL 1 bottle 

Human Myokine Detection Antibodies HMY-1056 3.2 mL 1 bottle 

Streptavidin-Phycoerythrin L-SAPE4 3.2 mL 1 bottle 

Mixing Bottle ----------- ----------- 1 bottle 
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Included Human Myokine Panel Antibody-Immobilized Beads are dependent 

on customizable selection of analytes within the panel  

Human Myokine Panel Antibody-Immobilized Magnetic Beads: 

 
 

Bead/Analyte Name 

Luminex®

Magnetic 
Bead 

Region 

Customizable 15 Analytes 
(20X concentration, 200 µL) 

 
Available Cat.# 

Anti-Apelin Bead 13 ✔ HAPLN-MAG 

Anti-Fractalkine Bead 14 ✔ HMYFKN-MAG 

Anti-BDNF Bead 15 ✔ RBDNF-MAG 

Anti-Erythropoeitin (EPO) Bead 30 ✔ HEP0-MAG 

Anti-Osteonectin Bead 38 ✔ H0STNCTN-MAG 

Anti-LIF Bead 39 ✔ HMYLIF-MAG 

Anti-IL-15 Bead 42 ✔ HMYIL15-MAG 

Anti-Myostatin (MSTN)/GDF8 Bead 44 ✔ HMYSTN-MAG 

Anti-FABP3 Bead 45 ✔ HFABP3-MAG 

Anti-Irisin Bead 46 ✔ HIRISN-MAG 

Anti-Follistatin-Like 1 Protein (FSTL-1) Bead 51 ✔ HFSTL1-MAG 

Anti-Oncostatin M Bead 57 ✔ H0SM-MAG 

Anti-IL-6 Bead 61 ✔ HMYIL6-MAG 

Anti-FGF21 Bead 62 ✔ HFGF21-MAG 

Anti-Osteocrin/Musclin Bead 65 ✔ H0STCRN-MAG 

 

MATERIALS REQUIRED BUT NOT PROVIDED 

Reagents 

1. Luminex® Sheath Fluid (EMD Millipore Catalog #SHEATHFLUID) or 

Luminex® Drive Fluid (EMD Millipore Catalog #MPXDF-4PK) 

 

Instrumentation / Materials 

1. Adjustable Pipettes with Tips capable of delivering 25 μL to 1000μL 
2. Multichannel Pipettes capable of delivering 5 μL to 50 μL or 25 μL to 200μL 
3. Reagent Reservoirs 
4. Polypropylene Microfuge Tubes 
5. Rubber Bands 
6. Aluminum Foil 
7. Absorbent Pads 
8. Laboratory Vortex Mixer 
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9. Sonicator (Branson Ultrasonic Cleaner Model #B200 or equivalent) 

10. Titer Plate Shaker (Lab-Line Instruments Model #4625 or equivalent) 

11. Luminex® 200™, HTS, FLEXMAP 3D®, or MAGPIX® with xPONENT® software by 
Luminex®Corporation 

12. Automatic Plate Washer for magnetic beads (BioTek® 405 LS and 405 TS, EMD 
Millipore Catalog #40-094, #40-095, #40-096, #40-097 or equivalent) or 
Handheld Magnetic Separation Block (EMD Millipore Catalog #40-285 or 
equivalent). 

 

Note: If a plate washer or handheld magnetic separation block for magnetic 

beads is not available, one can use a microtiter filter plate (EMD Millipore 

Catalog #MX-PLATE) to run the assay using a Vacuum Filtration Unit (EMD 

Millipore Vacuum Manifold Catalog #MSVMHTS00 or equivalent with EMD 

Millipore Vacuum Pump Catalog #WP6111560 or equivalent). 

 

SAFETY PRECAUTIONS 

 All blood components and biological materials should be handled as potentially 
hazardous. Follow universal precautions as established by the Centers for 
Disease Control and Prevention and by the Occupational Safety and Health 
Administration when handling and disposing of infectious agents.

 Sodium Azide or Proclin has been added to some reagents as a preservative. 
Although the concentrations are low, Sodium Azide and Proclin may react with 
lead and copper plumbing to form highly explosive metal azides. Dispose of 
unused contents and waste in accordance with international, federal, state, 
and local regulations.

 

Note: See Full Labels of Hazardous components on next page. 
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Ingredient, Cat #  Full Label  

 
 
 

 
10X Wash Buffer 

 
 
 

 
L-WB 

 

 

Warning. May cause an allergic skin 
reaction. Wear protective gloves. IF 
ON SKIN: Wash with plenty of soap 
and water. 

 
 
 

 
Streptavidin- 
Phycoerythrin 

 
 
 
 

 
L-SAPE4 

 

 

Warning. Causes serious eye 
irritation. IF IN EYES: Rinse 
cautiously with water for several 
minutes. Remove contact lenses, if 
present and easy to do. Continue 
rinsing. 

 
 
 
 
 
 
 

 
Human 

MyokineStandard 

 
 
 
 
 
 
 
 
 

HMY-8056 

 

 
 

 

 
Danger. Harmful if swallowed. Causes 

seriouseyedamage.Harmfultoaquatic 

life with long lasting effects. Avoid 

releasetotheenvironment.Weareye 

protection.IFINEYES:Rinsecautiously 

withwaterforseveralminutes.Remove 

contactlenses,ifpresentandeasytodo. 

Continuerinsing.Getmedicaladvice/ 

attention. 

 
 
 
 
 
 
 

 
Human Myokine 

QualityControls1&2 

 
 
 
 
 
 
 
 
 

HMY-6056 

 

 
 

 

 
Danger. Harmful if swallowed. Causes 

seriouseyedamage.Harmfultoaquatic 

life with long lasting effects. Avoid 

releasetotheenvironment.Weareye 

protection.IFINEYES:Rinsecautiously 

withwaterforseveralminutes.Remove 

contactlenses,ifpresentandeasytodo. 

Continuerinsing.Getmedicaladvice/ 

attention. 

 
 
 
 

Human 

MyokineDetection 

Antibodies 

 
 
 
 
 

HMY-1056 

 

 

Warning.Causesseriouseyeirritation.IF 

INEYES:Rinsecautiouslywithwaterfor 

severalminutes.Removecontactlenses, 

ifpresentandeasytodo.Continue 

rinsing. 

 
 

Serum Matrix 

 
 

MXHSM-10 

 
Harmfultoaquaticlifewithlonglasting 

effects. Avoid release to the 

environment. 
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TECHNICAL GUIDELINES 

To obtain reliable and reproducible results, the operator should carefully read this 

entire manual and fully understand all aspects of each assay step before running the 

assay. The following notes should be reviewed and understood before the assay is set 

up. 

 FOR RESEARCH USE ONLY. NOT FOR USE IN DIAGNOSTICPROCEDURES.

 Do not use beyond the expiration date on the label.

 Do not mix or substitute reagents with those from other lots or sources.

 The Antibody-Immobilized Beads are light sensitive and must be protected from 
light at all times. Cover the assay plate containing beads with opaque plate lid or 
aluminum foil during all incubation steps.

 It is important to allow all reagents to warm to room temperature (20-25°C) 
before use in the assay.

 Incomplete washing can adversely affect the assay outcome. All washing must 
be performed with the Wash Buffer provided.

 The standards prepared by serial dilution must be used within 1 hour of 
preparation. Discard any unused standards except the standard stock which 
may be stored at
-20°C for 1 month and at -80°C for greater than one month. 

 If samples fall outside the dynamic range of the assay, further dilute the samples 
with the appropriate diluent and repeat the assay.

 Any unused mixed Antibody-Immobilized Beads may be stored in the Mixing 
Bottle at 2-8°C for up to one month.

 During the preparation of the standard curve, make certain to mix the higher 
concentration well before making the next dilution. Use a new tip with each 
dilution.

 The plate should be read immediately after the assay is finished. If, however, the 
plate cannot be read immediately, seal the plate, cover with aluminum foil or an 
opaque lid, and store the plate at 2-8°C for up to 24 hours. Prior to reading, agitate 
the plate on the plate shaker at room temperature for 10 minutes. Delay in 
reading a plate may result in decreased sensitivity for some analytes.

 The titer plate shaker should be set at a speed to provide maximum orbital 
mixing without splashing of liquid outside the wells. For the recommended plate 
shaker, this would be a setting of 5-7 which is approximately 500-800rpm.

 Ensure that the needle probe is clean. This may be achieved by sonication 
and/or alcohol flushes.

 When reading the assay on Luminex® 200™, adjust probe height according to the 
protocols recommended by Luminex® to the kit solid plate or to the 
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recommended EMD Millipore filter plates using 3 alignment discs. When reading 
the assay on MAGPIX®, adjust probe height according to the protocols 
recommended by Luminex®to the kit solid plate or to the recommended EMD 
Millipore filter plates using 2 alignment discs. When reading the assay on 
FLEXMAP 3D®, adjust probe height according to the protocols recommended by 
Luminex® to the kit solid plate using 1 alignment disc.

For FLEXMAP 3D® when using the solid plate in the kit, the final 

resuspension should be with 150 μL Sheath Fluid in each well and 75 μL 

should be aspirated. 

 For cell culture supernatants or tissue extraction, use the culture or extraction 
medium as the matrix solution in background, standard curve and control wells. If 
samples are diluted in Assay Buffer, use the Assay Buffer as matrix.

 For serum/plasma samples that require further dilution beyond 1:2, use the 
serum matrix provided in the kit.

 For cell/tissue homogenate, the final cell or tissue homogenate should be 
prepared in a buffer that has a neutral pH, contains minimal detergents or strong 
denaturing detergents, and has an ionic strength close to physiological 
concentration. Avoid debris, lipids, and cell/tissue aggregates. Centrifuge 
samples before use.

 Vortex all reagents well before adding to plate.
 
 

SAMPLE COLLECTION AND STORAGE 
 

Note: Substantial amounts of BDNF are stored in circulating platelets and subsequently released 

upon platelet activation. Therefore, platelet-poor plasma is critical to ensure accurate 

measurement of circulating levels of BDNF. It should be noted many plasma preparation 

procedures, including those recommended by the Clinical Laboratory and Standards Institute 

(CLSI), would result in incomplete platelets removal from blood. 

This will cause data variability and irreproducibility between assays. 

 

A. Preparation of Serum Samples: 

 Allow the blood to clot for at least 30 minutes before centrifugation for 10 
minutes at 1000xg. Remove serum and assay immediately or aliquot and store 

samples at -20°C. 

 Avoid multiple (>2) freeze/thaw cycles. 

 When using frozen samples, it is recommended to thaw the samples completely, 
mix well by vortexing and centrifuge prior to use in the assay to remove 
particulates. 
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 Serum samples should be diluted 1:2 in the Assay Buffer provided in the kit. For 
example, in a tube, 35 µL of serum may be combined with 35 µL of Assay Buffer. 
When further dilution beyond 1:2 is required, use Serum Matrix as the diluent. 

 

B. Preparation of Plasma Samples: 

 Plasma collection using EDTA as an anti-coagulant is recommended. 
Centrifuge for 10 minutes at 1000xg within 30 minutes of blood collection. 

Remove plasma and assay immediately or aliquot and store samples at -20°C. 

 Avoid multiple (>2) freeze/thaw cycles. 

 When using frozen samples, it is recommended to thaw the samples completely, 
mix well by vortexing and centrifuge prior to use in the assay to remove 
particulates. 

 Plasma samples should be diluted 1:2 in the Assay Buffer provided in the kit. For 
example, in a tube, 35 µL of plasma may be combined with 35 µL of Assay 
Buffer. When further dilution beyond 1:2 is required, use Serum Matrix as the 
diluent. 

C. Preparation of Tissue Culture Supernatant: 

 Centrifuge the sample to remove debris and assay immediately or aliquot and 

store samples at -20°C. 

 Avoid multiple (>2) freeze/thaw cycles. 

 Tissue culture supernatant may require a dilution with an appropriate control 
medium prior to assay. Tissue/cell extracts should be done in neutral buffers 
containing reagents and conditions that do not interfere with assay performance. 
Excess concentrations of detergent, salt, denaturants, high or low pH, etc. will 
negatively affect the assay. Organic solvents should be avoided. The tissue/cell 
extract samples should be free of particles such as cells or tissue debris. 

NOTE: 

 A maximum of 25 μL per well of diluted serum or plasma can be used. Tissue 
culture or other media may also be used. 

 All samples must be stored in polypropylene tubes. DO NOT STORE SAMPLES IN 
GLASS. 

 Avoid debris, lipids and cells when using samples with gross hemolysis or lipemia. 

 Care must be taken when using heparin as an anti-coagulant since an excess of 
heparin will provide falsely high values. Use no more than 10 IU heparin per mL of 
blood collected. 

 

PREPARATION OF REAGENTS FOR IMMUNOASSAY 
 

A. Preparation of Antibody-Immobilized Beads 
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For individual vials of beads, sonicate each antibody-bead vial for 30 seconds; vortex for 

1 minute. Add 150 µL from each antibody-bead vial to the Mixing Bottle and bring final 

volume to 3.0 mL with Bead Diluent. Vortex the mixed beads well. Unused portion may 

be stored at 2-8°C for up to one month. (Note: Due to the composition of magnetic beads, 

you may notice a slight color in the bead solution. This does not affect the performance of 

the beads or the kit.) 

 

Example 1: When using 6 antibody-immobilized beads, add 150 µL from each of the 6 

bead vials to the Mixing Bottle. Then add 2.1 mL Bead Diluent. 

 

Example 2: When using 15 antibody-immobilized beads, add 150 µL from each of the 15 

bead vials to the Mixing Bottle. Then add 0.75 mL Bead Diluent. 

 

B. Preparation of Quality Controls 

Before use, reconstitute Quality Control 1 and Quality Control 2 with 250 µL deionized 

water. Invert the vial several times to mix and vortex. Allow the vial to sit for 5-10 

minutes. Unused portion may be stored at -20°C for up to one month. 

C. Preparation of Wash Buffer 

Bring the 10X Wash Buffer to room temperature and mix to bring all salts into solution. 

Dilute 60 mL of 10X Wash Buffer with 540 mL deionized water. Store the unused portion 

at 2-8°C for up to one month. 

 

D. Preparation of Serum Matrix 

This step is required for serum or plasma samples only. 

Add 1.0 mL deionized water to the bottle containing lyophilized Serum Matrix. Mix 

well. Allow at least 10 minutes for complete reconstitution. Leftover reconstituted 

Serum Matrix should be stored at -20°C for up to one month. 

E. Preparation of Human Myokine Standard 

1.) Prior to use, reconstitute the Human Myokine Standard with 250 µL deionized water. 

Refer to table below for analyte concentrations. Invert the vial several times to mix. 

Vortex the vial for 10 seconds. Allow the vial to sit for 5-10 minutes. This will be 

used as Standard 7; the unused portion may be stored at -20°C for up to one month. 

2). Preparation of Working Standards 

Label 6 polypropylene microfuge tubes Standard 1 through Standard 6. Add 150 µL 

of Assay Buffer to each of the 6 tubes.  Prepare serial dilutions by adding 50 µL of the 

reconstituted standard to the Standard 6 tube, mix well and transfer 50 µL of Standard 

6 to the Standard 5 tube, mix well and transfer 50 µL of Standard5 to the Standard 4 

tube, mix well and transfer 50 µL of Standard 4 to the Standard 3 tube, mix well and 

transfer 50 µL of Standard 3 to the Standard 2 tube, mix well and transfer 50 µL of 
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Standard 2 to the Standard 1 tube and mix well. The 0 pg/mL standard (Background) 

will be Assay Buffer. 

 

Standard # 
Volume of Deionized 

Water to Add 
Volume of Standard 

to Add 

Standard 7 250 µL 0 

 

Standard # 
Volume of Assay 

Buffer to Add 
Volume of Standard 

to Add 

Standard 6 150 µL 50 µL of Standard 7 

Standard 5 150 µL 50 µL of Standard 6 

Standard 4 150 µL 50 µL of Standard 5 

Standard 3 150 µL 50 µL of Standard 4 

Standard 2 150 µL 50 µL of Standard 3 

Standard 1 150 µL 50 µL of Standard 2 



IMMUNOASSAY PROCEDURE 

 Prior to beginning this assay, it is imperative to read this protocol completely and to 
thoroughly understand the Technical Guidelines. 

 Allow all reagents to warm to room temperature (20-25°C) before use in the assay. 

 Diagram the placement of Standards [0 (Background), [Standard 1 through 7], 
Controls 1 and 2, and Samples on Well Map Worksheet in a vertical configuration. 
(Note: Most instruments will only read the 96-well plate vertically by default.) It is 
recommended to run the assay induplicate. 

 If using a filter plate, set the filter plate on a plate holder at all times during reagent 
dispensing and incubation steps so that the bottom of the plate does not touch any 
surface. 

A. Add 200 µL of Wash Buffer into each well of the plate. Seal and mix on a plate shaker for 10 
minutes at room temperature(20-25°C). 

B. Decant Wash Buffer and remove the residual amount from all wells by inverting the plate 
and tapping it smartly onto absorbent towels several times. 

C. Add 25 µL of each Standard or Control into the appropriate wells. Assay Buffer should be 
used for 0 pg/mL standard (Background). 

D. Add 25 µL of Assay Buffer to the sample wells. 

E. Add 25 µL of appropriate matrix solution to the background, standards, and control wells. 
When assaying serum or plasma, use the Serum Matrix. When assaying tissue culture or 
other supernatant, use proper control culture medium as the matrix solution. 

F. Add 25 µL of Sample (1:2 diluted) into the appropriate wells. 
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G. Vortex Mixing Bottle and add 25 μL of the Mixed Beads to each well. (Note: During addition 
of Beads, shake bead bottle intermittently to avoid settling.) 

H. Seal the plate with a plate sealer. Wrap the plate with foil and incubate with agitation on a 
plate shaker overnight (16-18 hours) at 2-8°C. Alternatively, incubate for 2 hours at room 
temperature(20-25°C). 

I. Gently remove well contents and wash plate 3 times following instructions listed in the PLATE 
WASHING section. 

J. Add 25 µL of Detection Antibodies into each well. (Note: Allow the Detection Antibodies to 
warm to room temperature prior to addition.) 

K. Seal, cover with foil and incubate with agitation on a plate shaker for one hour at room 
temperature (20-25°C). DO NOT ASPIRATE AFTERINCUBATION. 

L. Add 25 µL Streptavidin-Phycoerythrin to each well containing the 25 µL of Detection 
Antibodies. 

M. Seal, cover with foil and incubate with agitation on a plate shaker for 30 minutes at room 
temperature(20-25°C). 

N. Gently remove well contents and wash plate 3 times following instructions listed in the PLATE 
WASHING section. 

O. Add 150 µL of Sheath Fluid (or Drive Fluid if using MAGPIX®) to all wells. Resuspend the 
beads on a plate shaker for 5minutes. 

P. Run plate on Luminex® 200™, HTS, FLEXMAP 3D® or MAGPIX® with xPONENT®software. 

Q. Save and analyze the Median Fluorescent Intensity (MFI) data using a 5-parameter logistic or 
spline curve-fitting method for calculating analyte concentrations in samples. (Note: For 
diluted samples, final sample concentrations should be multiplied by the dilution factor. For 
samples diluted as per protocol instructions, multiply by 2. If using another dilution factor, 
multiple by the appropriate dilution factor.) 
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Appendix E: 

Scatterplot graphs of bivariate correlations at baseline and 16-

week time points 
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Figure 7: Relationships between leptin and other outcomes at baseline and post  

(n=7  ; N=14) 
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Figure 8: Relationships between IL-1β and other outcomes at baseline and post  

(n=7  ; N=14) 
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Figure 9: Relationships between MCP-1 and other outcomes at baseline and post  

(n=7  ; N=14) 
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Figure 10: Relationships between IL-6 and other outcomes at baseline and post  

(n=7  ; N=14) 
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Figure 11: Relationships between TNFα and other outcomes at baseline and post  

(n=7  ; N=14) 
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Figure 12: Relationships between osteonectin and other outcomes at baseline and post  

(n=7  ; N=14) 

 

 

 

12A 

 

 

 

 

 

 

 

12B 

 

 

 

 

 

 

12C 

 

 

 

 

 

25

30

35

40

45

50

55

60

0 100 200 300

B
M

I

Osteonectin (ng/mL)

400

450

500

550

600

650

0 100 200 300

6
 m

in
u

te
 w

al
k 

te
st

 (
m

)

Osteonectin (ng/mL)

200

250

300

350

400

450

500

550

0 100 200 300

Le
g 

p
re

ss
 (

lb
s)

Osteonectin (ng/mL)

r = -0.381 
p  = 0.178 

r = 0.545 
p = 0.044 

r = 0.944 
p < 0.001 



129 
 

Figure 13: Relationships between osteocalcin and other outcomes at baseline and post  

(n=7  ; N=14) 
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Appendix F: 

Bivariate correlations between delta values of cytokines and 

assessment measures 
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Table 25: Bivariate correlations between delta values of cytokines and assessment measures 

 6 minute walk Leg press BMI 

Leptin r = 0.081 

p = 0.863 

r = -0.585 

p = 0.168 

r = -0.429 

p = 0.337 

IL-1β r = 0.487 

p = 0.268 

r = 0.479 

p = 0.277 

r = -0.243 

p = 0.600 

MCP-1 r = 0.053 

p = 0.910 

r = 0.871 

p = 0.011 

r = 0.337 

p = 0.460 

IL-6 r = 0.088 

p = 0.852 

r = 0.510 

p = 0.242 

r = 0.315 

p = 0.492 

TNFα r = -0.129 

p = 0.783 

r = 0.712 

p = 0.073 

r = 0.500 

p = 0.253 

Osteonectin r = 0.361 

p = 0.426 

r = -0.062 

p = 0.864 

r = -0.429 

p = 0.337 

Osteocalcin r = -0.725 

p = 0.065 

r = 0.088 

p = 0.851 

r = 0.495 

p = 0.259 

* Correlation is significant at the 0.05 level (2 tailed) 
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Appendix G: 

ENCOURAGEing Start safety and emergency response 

document 
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SAFETY AND EMERGENCY RESPONSE 

The ENCOURAGEing Start will take place within the University of Manitoba’s Active Living 

Centre (ALC) in the following areas: 

 Main gym 

 Applied Research Centre 

 Multipurpose rooms 

Below are existing safety and emergency response procedures for these areas, followed by 

specific considerations for the program. 

 

1. Existing Safety Procedures for Active Living Centre patrons 

Bison Active Living has the following procedures in place to respond to incidents and 

emergencies in the gym area of the Active Living Centre. All material in this indented section 

are the procedures given to Fitness Attendants, two of which are always present in the Active 

Living Centre.  

 Injury Assessment 

 An initial assessment is required for the staff member to determine whether the injury  

 is a major or minor one. 

 Minor Incidents 

1. Small cuts, bruises and scrapes. 

2. Strains, sprains, bee/wasp stings, heat exhaustion,  and dental injuries – although 

these injuries are usually dealt with easily, there is a potential risk for serious 

complications to arise 

Procedures for Minor Incidents 

1. When appropriate administer proper first aid using supplies in your first aid kit. Ice 

bags can be requested through the customer service desk. 

2. Customers/members/participants can decide whether to continue or not. 

3. Regardless of injury severity, an incident report must be completed accurately and 

signed by the [fitness attendant]. The incident forms can be found at the customer 

service desk and given to the [fitness attendant’s] direct supervisor.  
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Major Incidents 

1. Do not move the injured person (unless faced with a life-threatening situation). 

2. Administer first aid to prevent further injury. An AED is available in the Active Living 

Centre. 

3. If a phone is available, call 911 (4911 from a university phone) and call Security 

Services at 555 immediately after (or use the red phones). Time is crucial when 

dealing with life or death situations. You must notify security services so they can 

better direct EMS to the scene. 

4. Help create an easy access/egress path for EMS, remain calm, and secure the 

surroundings. 

5. Wait until EMS arrives and work in conjunction with EMS and security services.  

6. An incident report must be completed accurately and signed by the staff member. 

Emergency Procedures 

Fire Drill 

Work to ensure that all members have cleared the Active Living Centre in a calm and 

timely manner by sweeping all areas on level 300 and 400. Instruct members to access 

the first available exit and NOT to use the locker room prior to exiting the building. 

Assist individuals with mobility limitations to the nearest stairwell and inform the CFW 

of their exact location. 

First Aid Supplies 

Supplies are kept on the 3rd floor ALC at the fitness attendant desk and in the storage 

closet (319 ALC). These two locations are checked and replenished on a weekly basis. 

Additional supplies are kept at the customer service desk and in the Applied Research 

Centre. 

Automated External Defibrillators 

Our facilities are equipped with Automated External Defibrillators in all buildings (there 

are 5 in the ALC specifically). The fitness attendants will activate EMS before using an 

AED. 

Emergency Red Phones 

Emergency red phones/boxes can be found on every floor of the ALC. These phones 

provide 2-way voice communication with the Security Services Department.  
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When a Code Blue or Emergency Red Phone is activated, security guards will be priority 

dispatched to the location and in most cases will arrive in under 2 minutes. While the 

security guards are en route, the dispatcher continues to have 2-way voice 

communication with the caller.  

 

2. Questionnaire responses 

The Patient Health Questionnaire (PHQ-9) used in our questionnaire package asks participants 

questions about their mental health. It is a tool that can indicate clinical depression. If the total 

score is more than 20, staff should provide the participant with the Winnipeg Mental Health 

Resources pamphlet. The same guidelines apply if a participant circles higher than zero for 

question 9, regardless of overall score. 

If a participant scores higher than zero for question 9, the staff should ask the participant 

whether they would like additional mental health resource information. If so, recommend one 

or both of: 

 Crisis Response Centre: 24 hour help line 204-786-8686 

 Manitoba Suicide Line    1-877-435-7170 

Unfortunately, the clinic at University Centre does not guarantee the provision of assistance in 

a timely manner. 

3. Considerations for the ENCOURAGEing Start Program 

Applied Research Centre  

The risk of an adverse event while in the Applied Research Centre boardroom is low as the area 

will be used for discussion rather than physical activity. Nonetheless, staff are familiar with the 

Standard Operating Procedures document for this area, which includes directions for AED and 

first aid supplies. The document can be found at 

http://umanitoba.ca/faculties/kinrec/research/arc.html 

Staff are reminded to keep their access card with them at all times, as re-entry into 240 ALC 

necessitates a card. 

Active Living Centre 

Weight limits exist on the following exercise equipment: 

Precor treadmills, bikes, stairclimbers and ellipticals: 350 lb 

http://umanitoba.ca/faculties/kinrec/research/arc.html
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Woodway Curve treadmill:     400 lb run, 800 lb walk 

Woodway 4Front treadmill:     400 lb run, 800 lb walk 

Concept 2 rowing ergometer:     500 lb 

TRX suspension trainer:     350 lbs (strap) 

        500 lbs (ceiling mount) 

Load testing was done in 2016 after an equipment failure in the multipurpose studio. All 

ceiling mounts have been fixed and confirmed to support 500 lbs – this enables more 

than one user per mount, but if used in the bariatric class there must be a one strap to 

one mount ratio. 

 

 

Staff 

The BHLP will be conducted by both a CSEP Certified Exercise Physiologist (CSEP-CEP) and a 

student with experience in fitness assessment and lifestyle counseling. A CSEP-CEP’s clientele 

can include individuals with functional limitations or disabilities associated with 

musculoskeletal, cardiopulmonary, metabolic, neuromuscular, and ageing conditions. 

With a pilot project intake of twelve participants and two staff members, there will be at largest 

a 6:1 participant:instructor ratio. This ratio is classified by most commercial gyms as “small 

group training”, and is more participant-focused than several exercise-based chronic disease 

programs currently operating in Winnipeg including the Reh-Fit Centre’s Healthier Weigh and 

cardiac rehabilitation programs.  

Waiver 

Participants of the BHLP are subject to the same screening tools as other attendees of the ALC. 

Participants will complete a Physical Activity Readiness Questionnaire (PAR-Q). Positive 

responses do not automatically rule out the participant from ENCOURAGEing Start; the 

participant will discuss their health status with the CSEP-CEP to clarify their responses and 

determine an appropriate course of action which may include a Medical Information Release 

form to be completed by the participant’s physician. 
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A summary of PAR-Q data will be kept on the instructor's person during exercise sessions for 

quick reference in case of emergency. The PAR-Q will be provided to the Active Living Centre as 

the part of the standard process to create a membership card and gain access to the facility. 

As outlined by the American College of Sports Medicine, absolute contraindications to 

participation include uncontrolled severe hypertension, acute cardiac event, unstable angina, 

uncontrolled dysrhythmias, symptomatic severe aortic stenosis, uncontrolled symptomatic 

heart failure, acute pulmonary embolus, acute myocarditis, suspected or known dissecting 

aneurysm, and acute systemic infection.  If a participant presents with any of the above 

symptoms, they will be informed that they cannot participate in ENCOURAGEing Start at that 

time.  

Exercise Intensity 

Sedentary individuals, particularly those who are overweight, beginning a physical activity 

program must do so in a gradual manner to avoid an increased risk of musculoskeletal injuries. 

The two BHLP instructors will assist participants in customizing their exercise intensity during 

group workouts and help participants learn how to self-select an intensity when exercising on 

their own. Exercise intensity during group workouts will be controlled through modification 

rather than modality, where possible. 
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