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Abstract 

 Excess accumulation of intrahepatic fat (IHF) is directly involved in the pathogenesis of 

insulin resistance and dyslipidemia, which are risk factors for type 2 diabetes and 

cardiovascular disease. To our knowledge, no prior groups have examined the inter-

relationship between diet quantity, macronutrient composition, physical activity (PA), and IHF. 

The objective of the enclosed thesis is to investigate the associations of simultaneously 

measured objective PA and dietary intake in relation to IHF. 

The Liver Fat Study was conducted on middle-aged, abdominally obese, inactive men 

(n=4) and women (n=20) between the ages of 40 and 70 years old. Participants were 

instructed to record their food intake and wear an accelerometer for objective measurement of 

PA for 7 days. Thereafter, insulin resistance was assessed by HOMA-IR using fasting insulin 

and glucose, cardiorespiratory fitness (CRF) was measured by a graded exercise treadmill 

test, abdominal adiposity was measured by magnetic resonance imaging (MRI), 

anthropometrics were measured by waist circumference (WC) and BMI, and IHF was 

measured by proton-magnetic resonance spectroscopy (H-MRS). 

While none of the dietary intake (quantity or macronutrient composition) or PA 

variables were significantly associated with IHF (p>0.05), CRF, WC, visceral adipose tissue 

(AT), and HOMA-IR were associated with IHF (p<0.05). Additionally, sedentary time, light PA 

and total PA approached statistical significance with visceral AT, while both light PA and total 

PA were significantly associated with WC (p<0.05). 

The findings from this study suggest that all components of PA, while not directly 

associated with IHF, are indirectly associated with IHF through its influence on abdominal 
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obesity. This finding emphasizes the importance of PA, separate from the national guidelines, 

as a treatment target for clinicians. 
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Chapter 1: General Introduction 

The excess accumulation of intrahepatic fat (IHF) is involved in the pathogenesis 

of insulin resistance and dyslipidemia, which are risk factors for type 2 diabetes and 

cardiovascular disease (CVD) [1]. Many studies have linked the components of the 

metabolic syndrome (including obesity, central fat distribution, diabetes, dyslipidemia, 

hypertension, atherosclerotic CVD) with IHF, with some suggesting that IHF should be 

included in the metabolic syndrome criteria [2, 3]. Furthermore, Speliotes et al. 

characterized individuals with excess IHF as having a higher odds ratio for diabetes, 

metabolic syndrome, hypertension, impaired fasting glucose, insulin resistance, higher 

TG, lower HDL, and lower adiponectin [4]. From the available evidence, it is clear that 

excess IHF is associated with many negative health outcomes, and is an important risk 

factor to target for prevention of chronic disease. 

No prior study has examined the association between dietary intake and IHF 

across a wide range and alternatively have focused on the difference in dietary intake 

between those with non-alcoholic fatty liver disease (>5% liver fat; NAFLD) and those 

without. Both total energy intake and diet composition have been linked to the 

development and progression of NAFLD, however, results remain inconsistent [5]. 

Cross-sectional evidence has implicated diets characterized by high energy density and 

portion size, high fat and saturated fat, high refined carbohydrates, low fibre, high 

fructose corn syrup, and trans fatty acids in patients with NAFLD [6]. While the effects of 

individual dietary characteristics such as those mentioned are insightful, the 

inconsistencies in the literature make conclusions difficult to discern.  
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Only one prior group investigated the association between physical activity (PA) 

and IHF across a wide range. This study observed a significant inverse relationship 

between sport- and leisure-PA and IHF. Observational studies that have examined the 

role of PA on NAFLD prevalence suggest that there is a reduced prevalence of NAFLD 

in those with the highest PA levels. However, with the exception of one study, most 

used self-reported PA, which has inherent limitations [7-9]. The study described in this 

thesis improves upon these limitations through the use of criterion methods for 

measurement of IHF and PA. 

To our knowledge, the following manuscript is the first to measure diet and PA 

simultaneously in relation to IHF across a wide range in abdominally obese, inactive 

individuals using criterion methodological tools such as accelerometry for measurement 

of PA and proton magnetic resonance spectroscopy (H-MRS) for measurement of IHF. 

The purpose of our study is to (1) examine the combined and independent associations 

between dietary intake, physical activity, and intrahepatic fat; (2) examine the 

relationship between lifestyle behaviours (diet and physical activity), abdominal obesity 

and IHF; and (3) examine the relationship between abdominal obesity, IHF and insulin 

resistance. We hypothesize that diet quantity and composition will be the strongest 

predictors of IHF and that PA will not be associated with IHF after controlling for dietary 

intake. We also hypothesize that IHF will be the strongest predictor of insulin resistance 

after controlling for abdominal adiposity. This study will add to existing literature 

regarding the associations between lifestyle behaviours (diet and PA) and IHF by 

identifying areas of importance for clinicians to target to reduce the prevalence of 

excess IHF accumulation and associated chronic disease. 
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Chapter 2: Literature Review 

The excess accumulation of intrahepatic fat (IHF) is directly involved in the 

pathogenesis of insulin resistance and dyslipidemia, which are risk factors for type 2 

diabetes and cardiovascular disease [1]. Excess IHF (>5%) is termed non-alcoholic fatty 

liver disease (NAFLD). The prevalence of NAFLD ranges from 20-33%, depending on 

diagnostic criteria and country [10]. This estimate increases to 58-74% in obese 

individuals [11].  

 The associations between physical activity (PA), diet and IHF are currently 

unclear. The following encompasses a comprehensive review of the role of IHF in 

disease, methodological principles in measuring IHF, and justification for the possible 

influence of diet and PA on IHF.  

  

2.1 Ectopic Fat Accumulation 

 Subcutaneous adipose tissue represents the primary site for fat storage and 

typically protects non-adipose tissues from fat accumulation, which can result in 

metabolic derangements [12]. Ectopic fat is recognized as excess adipose tissue in 

locations not typically associated with adipose tissue storage [13].  Ectopic fat depots 

can be categorized according to whether their effects take place systemically or locally. 

Ectopic fat depots characterized by its systemic effects include visceral, intrahepatic, 

and intramuscular fat, whereas those with local effects include pericardial, renal sinus, 

myocardial, and perivascular adipose tissue accumulation [13]. The main hypothesis for 

the accumulation of fat in tissues not normally associated with fat storage is depicted in 

Figure 1. In states of positive energy balance (reduced energy expenditure or excess 
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energy intake), excess free fatty acids (FFAs) are stored in subcutaneous adipose 

tissue depots. However, when the capacity of subcutaneous adipose tissue is reached, 

the excess FFAs can be stored ectopically. Subcutaneous adipose tissue can reach its 

storage limit as a result of adipocyte failure to proliferate and differentiate, leading to 

subcutaneous hypertrophy rather than hyperplasia [13]. This energy balance hypothesis 

is supported by studies, including that by McQuaid et al., who compared lean healthy 

men with moderately abdominally obese men. They attributed diversion of fatty acids to 

ectopic stores to the inability of abdominally obese participants to induce fat storage 

with sequential meals [14]. Ectopic fat accumulation has been associated with 

numerous negative health consequences, and we will focus specifically on the 

accumulation of fat in the liver in the following sections. 

 

2.2. IHF and Non-alcoholic Fatty Liver Disease 

2.1.0. IHF and NAFLD: Etiology and Pathophysiology 

 NAFLD represents a spectrum of hepatic diseases including simple steatosis 

(abnormal lipid retention), non-alcoholic steatohepatitis (NASH), and eventually, 

cirrhosis [15]. Progression from simple steatosis to more severe forms of the disease 

may result from two series of events. First, insulin resistance may lead to an 

accumulation of fat within the cells of the liver. Second, the longer the exposure of 

hepatocytes to fat, the greater the exposure of these fat droplets to reactive oxygen 

species, which can lead to lipid peroxidation, cytokine production and Fas ligand 

induction, leading to cellular apoptosis [11]. Several risk factors have been shown to 

predict the occurrence and severity of NAFLD, including obesity, type 2 diabetes, 
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hyperlipidemia, hypertension, elevated liver enzymes (ALT/AST), and certain 

medications [15] [1]. 

Most patients with NAFLD are asymptomatic at the time of diagnosis; however, 

some patients present with fatigue, general illness, or abdominal discomfort [15]. 

Laboratory tests revealing elevated serum aminotransferases (ALT and AST) is the 

most common abnormality found in patients with NAFLD. Other indicators include 

hypoalbimunemia, elevated serum bilirubin and prolonged prothrombin time suggestive 

of advanced disease [11]. To officially confirm diagnosis, liver biopsy is considered the 

gold standard and is currently the only method available to differentiate NASH from 

simple steatosis. Ultrasound, computed tomography scan, magnetic resonance 

imaging, and magnetic resonance spectroscopy have also been used to diagnosis 

NAFLD; however, the differentiation between liver disease progression cannot be 

accomplished with these imaging methods.  

 

2.1.1. IHF and Health Risk 

Many studies have linked the components of the metabolic syndrome (including 

obesity, central fat distribution, diabetes, dyslipidemia, hypertension, atherosclerotic 

CVD) with liver fat content, with some suggesting that liver fat should be included in the 

metabolic syndrome criteria [2] [3]. Furthermore, Speliotes et al. characterized 

individuals with NAFLD as having a higher odds ratio for diabetes, metabolic syndrome, 

hypertension, impaired fasting glucose, insulin resistance, higher TG, lower HDL, and 

lower adiponectin [4]. Several studies have observed the association between liver 

disease and atherosclerosis, independent of classical risk factors, metabolic syndrome 
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components, and insulin resistance and have suggested that NAFLD independently 

predicts the risk of future CVD events. This may be due to the association of liver fat 

with elevated levels of plasma biomarkers of inflammation, endothelial dysfunction, and 

early carotid changes, all leading to atherosclerosis [12].  

The relationship between liver fat and health risk after controlling for the effects 

of other ectopic fat depots is currently unclear, with many studies presenting conflicting 

results. Abdominal adiposity, in particular visceral adipose tissue (AT), has been 

purported to be a strong risk factor for the progression of cardiometabolic risk factors. 

With the development of obesity, increases in visceral AT and resultant metabolic 

disturbances have been observed to lead to inflammation and insulin resistance. 

However, recent evidence points to the notion that there may not be a causal link 

between visceral AT and the development of metabolic disease, rather, it may serve as 

an indicator of ectopic fat in other locations that are primarily responsible for these 

derangements [13]. It follows that organs such as the muscle and liver that are directly 

involved with insulin and lipid metabolism directly contribute to the development of 

metabolic disease. Many studies support this hypothesis. Hwang et al. measured 

peripheral glucose uptake during hyperinsulinemic euglycemic clamp and showed a 

strong and inverse correlation with liver fat (-0.86). He also showed a significant 

correlation between intramuscular lipid and glucose uptake and visceral AT and glucose 

uptake; however, these correlations were not as strong as those shown with liver fat 

[16]. Furthermore, Salamone et al. set out to determine the independent influence of 

liver fat and visceral AT on metabolic function by examining obese participants, 

matched for visceral AT volume but differing in liver fat or visa versa. The authors 
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measured insulin sensitivity by clamp and observed that hepatic, adipose tissue, and 

muscle insulin sensitivity were considerably lower in subjects with higher liver fat 

content, matched for visceral AT. Conversely, there were no differences in insulin 

sensitivity observed between subjects who had similar liver fat content, but differing 

visceral AT volumes [17]. Seppala-Lindroos et al. report similar findings in men that 

showed that those with high liver fat had greater metabolic risk than those with low liver 

fat, after controlling for levels of visceral AT and subcutaneous adipose tissue [18]. 

These observations conflict with others who report that visceral AT is a stronger 

predictor of metabolic risk than liver fat. Kuk et al. showed this relationship in lean pre-

menopausal women [19]. These results are consistent with Nguyen-Duy et al., who 

reported that visceral AT is a stronger predictor of metabolic risk in overweight and 

obese men than liver fat [20]. Additionally, Kelley et al. reported that visceral AT is the 

stronger independent correlate of insulin-mediated glucose uptake in type 2 diabetics, 

compared to liver fat [21]. Furthermore, McMillan et al. observed that both liver fat and 

visceral AT are associated with metabolic risk factors in men; however, only visceral AT 

remained a predictor of metabolic risk after controlling for age, liver fat, subcutaneous 

fat and cardiorespiratory fitness (CRF) [22]. Factors that may help to explain these 

discrepant findings include differing baseline levels of liver fat in the studied sample 

populations, in addition to differences in methodologies used for the assessment of liver 

fat. Due to inconsistencies in the observations, the independent association between 

various ectopic fat depots and metabolic risk is unclear.  
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2.1.2. Mechanisms of IHF Accumulation  

Fatty liver results from an imbalance between lipid availability (lipid uptake and de 

novo lipogenesis) and lipid disposal (fatty acid oxidation and triglyceride secretion by 

VLDL) [23]. There are essentially four sources of lipid availability that lead to 

accumulation of liver fat (Figure 1): 

1) Adipose tissue lipolysis: Peripheral fat stored in the adipose tissue is delivered to 

the liver by the plasma non-esterified fatty acid (NEFA) pool. Bjorntorp et al. was 

the first to propose the theory that the highly lipolytic visceral AT depot releases 

free fatty acids directly to the liver via the portal vein, leading to liver fat 

accumulation. However, other studies have contested this hypothesis, pointing to 

the fact that ~80% of FFA found in portal circulation originate from systemic 

adipose tissue [24]. It may be that visceral AT is a marker for the relative inability 

of subcutaneous adipose tissue to store excess FFAs resulting from a positive 

energy balance [25]. 

2) De novo lipogenesis: Fatty acids that are newly made within the liver through de 

novo lipogenesis. These fatty acids can be made from excess carbohydrates that 

are redirected to the liver. It has been suggested that insulin resistance in the 

muscle partitions glucose from ingested carbohydrate away from muscle 

glycogen synthesis and towards the liver, where it acts as a substrate for de novo 

lipogenesis [26]. 

3) Dietary fat: Dietary fatty acids enter the liver though spillover into plasma NEFA 

pool. 
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4) Chylomicrons: Uptake of chylomicron remnants from the intestine can increase 

hepatic fat accumulation. 

The accumulation of hepatic fat has been shown to lead to metabolic dysfunction, as 

demonstrated above. Once the liver is fatty, it becomes resistant to the action of insulin. 

Insulin is anti-lipolytic, and so the suppression of insulin action increases the production 

of FFA. Insulin also suppresses VLDL production, so resistance to insulin also leads to 

increases in VLDL. Furthermore, the resulting insulin resistance impairs the action of 

insulin to suppress hepatic glucose production [27]. This hepatic insulin resistance may 

extend its effects to the muscle as well as elevated FFA can impair GLUT-4 function 

(allowing muscle to uptake glucose from the bloodstream) or insulin signaling in the 

muscle [26]. All of these factors lead to hyperglycemia and hypertriglyceridemia, which 

are factors for metabolic disease. 
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Figure 1. Mechanisms for IHF accumulation. Various mechanisms are hypothesized to 
influence IHF. VAT lipolysis releases FFA directly to the liver via the portal vein. 
Abdominal SAT lipolysis releases FFA into the systemic circulation which travel to the 
liver for processing. Dietary lipids influence chylomicron remnant concentrations and 
contribute to IHF. Dietary carbohydrates are sent to the liver to participate in de novo 
lipogenesis (DNL). In the liver, there reduced fatty acid oxidation and VLDL-TG 
secretion results in less IHF clearance. 
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2.3. IHF Measurement 

A summary of techniques used for liver fat measurement can be found in Table 

1. Liver biopsy and subsequent histological analysis are currently considered the gold 

standard diagnostic and assessment tool for liver fat. This method allows for semi-

quantitative evaluation of steatosis as the level of steatosis is estimated visually based 

on the percentage of hepatocytes containing visible fatty infiltration [28]. While biopsy is 

considered the gold standard for measuring liver fat, there are aspects of the procedure 

that render it impractical to perform on all patients who are suspect of having fatty liver. 

Biopsy is an invasive technique with inherent risks including post-procedure 

hemorrhage and bleeding. Also, because of the small tissue sample, the quantification 

of liver fat may be skewed if fat is not distributed evenly throughout the liver [29]. 

Because of the cost and invasive nature of the procedure, non-invasive methods for 

measuring liver fat have been developed and are described below. 

 

2.3.1. Ultrasound 

Ultrasound is the most common method for measuring liver fat in a clinical setting 

due to its inexpensive, safe and widely available nature [30]. Hepatic steatosis causes 

increased echogenicity on an ultrasound, causing the liver to appear brighter than the 

cortex of the kidney [29]. The ultrasound operator uses liver echogenicity, echotexture, 

vessel visibility and beam attenuation to subjectively evaluate liver fat content 

qualitatively. While its low cost and wide availability are advantages that make 

ultrasound an accepted form of initial screening for fatty liver, several studies have 

demonstrated that ultrasound cannot reliably distinguish between fibrosis and steatosis, 
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while its subjective dependency on the examiner limits its reproducibility. Additionally, 

due to impaired beam penetration and limited liver visualization, liver fat measurement 

can be difficult in obese patients [30]. Another disadvantage includes its inability to 

distinguish small changes in liver fat content, making its use for longitudinal studies 

limited. 

 

2.3.2. Computed Tomography 

Computed tomography was introduced in the 1970s and provides an accurate 

and reliable visualization of the whole liver. Diagnosis of steatosis by CT is done by 

measuring the difference in liver and spleen attenuation values [29]. In this respect, the 

spleen is used as an internal control. There are factors other than fat that affect CT 

attenuation values and negatively affect fat quantification and sensitivity for mild to 

moderate steatosis [30]. While, unlike ultrasound, attenuation can be measured 

objectively and with high precision, there are several drawbacks to this method. 

Previous liver disease may alter attenuation values so hepatic steatosis may be 

misdiagnosed. Additionally, it does not provide a quantitative assessment of liver fat 

content. Its primary drawback, though, concerns its use of ionizing radiation. CT is not 

suitable for use in children or longitudinal monitoring that requires patients to be 

exposed to radiation repeatedly [30].  

 

2.3.3. Magnetic Resonance Imaging 

The use of magnetic resonance imaging (MRI) to measure liver fat content relies 

on the basic principle that nuclei from individual metabolites resonate at unique 
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frequencies depending on their molecular structure [30]. This is known as the chemical 

shift. Nuclei in different chemical environments experience different magnetic field 

strengths. MRI uses the difference in resonance frequencies between water and lipid to 

differentiate tissues. The fat-fraction can be combined pixel by pixel to form an image. 

This enables the identification of tissues that contain a significant proportion of 

intracellular lipid, but does not quantitatively assess liver fat content [30]. 

Table 1. Advantages and disadvantages of techniques used for IHF measurement. 
 

Technique Advantages Disadvantages 
Biopsy - Gold standard 

- Semi-quantitative 
evaluation 

-Invasive 
-Evaluation is skewed if 
liver fat is not 
homogeneous 

Ultrasound - Inexpensive 
- Safe 
- Widely available 

- Cannot distinguish 
between disease severity 
-Subjective depending on 
examiner (limits 
reproducibility) 
- Inability to distinguish 
small changes in liver fat 

Computed Tomography - Objective method 
- Accurate and reliable 
visualization of the whole 
liver 
- High precision 

- Other factors can affect fat 
quantification 
- Unable to provide 
quantitative assessment 
- Use of ionizing radiation 
limits frequency of use 

Magnetic Resonance 
Imaging 

- Available on all MR 
scanners 
- Strong water-fat tissue 
contrast 

- Not a quantitative 
measure 

H-Magnetic Resonance 
Spectroscopy 

- Strong correlations with 
liver biopsy 
- Optimal non-invasive 
technique 
- Quantitative 
- High reproducibility 

- Limited coverage in 
single-voxel approaches 
- Data analysis requires 
specialized software 
Not capable of 
differentiating degrees of 
NAFLD 
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2.4. Proton Magnetic Resonance Spectroscopy 

2.4.1. Historical Perspective 

The nuclear magnetic resonance concept was first reported by Bloch et al in 

1946. It was originally established and is currently widely used for brain imaging to 

characterize tumors, strokes, epilepsy, infection and neurodegenerative disorders [31]. 

Since that time, methods have been developed to use the technology for application in 

the abdomen and pelvis region. Specifically, H-MRS of the liver has been used for many 

years to quantify liver fat, beginning in 1993 when Longo et al. showed for the first time 

excellent agreement between H-MRS and histomorphometry and CT data [28]. Strong 

correlations with results from biopsy have been observed in further studies since that 

time and H-MRS is now considered the optimal non-invasive technique for quantifying 

hepatic fat. 

 

2.4.2. Basic Principles 

As mentioned previously, H-MRS is noninvasive and does not use ionizing 

radiation, allowing for its use in research wherein repeated measures of liver fat may be 

necessary [32]. Generally, H-MRS provides quantitative information on the biochemical 

profile within tissues. The chemical environment of different cells affects the local 

magnetic field experienced by nuclear protons, so that protons with different 

morphology and in different chemical environments oscillate at different frequencies 

after exposure to a strong magnetic field. This is referred to as the resonance 

frequency. H-MRS distinguishes atoms by their resonance frequencies. The change in 

resonance frequency is termed the chemical shift and this is what is used to distinguish 
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different metabolites. H-MRS applies an external magnetic field, which induces a 

chemical shift in the metabolites. It can then separate frequencies into individual 

resonances and generate spectra (Figure 2). The x-axis of the spectra is frequency (in 

parts per million). Independent of the strength of magnetic field, the same ppm can be 

obtained for the same metabolite resonance. For example, the resonance frequency for 

water is 4.7 ppm and for methylene is 1.3 ppm. The area under the peak represents the 

total number of protons [32]. 

When using H-MRS, initial scout images are used to correctly identify the 

location in which the measurement should be taken. Anatomical references are 

sometimes used to increase consistency across participants. A voxel (region of interest) 

in which spectroscopy is applied is chosen so that the biliary tree, adipose tissue, and 

blood vessels are avoided, as their chemical environment could confound the results. 

After H-MRS is applied and the spectra is generated, post-processing software is 

available that helps in quantifying the amount of liver fat. The ratio of methylene (CH2) 

to methylene + water is used to calculate the percent liver fat [32]. An example of the 

voxel placement and resulting spectroscopy graph is shown in Figure 2. 
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Figure 2. H-MRS Voxel placement and resulting water and methylene spectra. 

 

 

 

 

2.4.3. Validity and Reliability 

Both H-MRS validity and reliability have been demonstrated in several studies. 

For example, Szczepaniak et al. demonstrated that values generated by MRS correlate 

with the gold standard biopsy results [33]. These observations are confirmed by several 

other investigators, including Rolodon-Valdez et al. who observed that liver fat 

measurement by spectroscopy showed a strong and significant correlation with lipid 

content assessed by biopsy [34]. Reproducibility has also been demonstrated. 

Szczepaniak et al. measured liver fat by H-MRS twice in the same individual on two 

separate occasions separated by greater than 10 minutes and found that reproducibility 

was high (r2=0.98) over a wide range of liver fat values. Cowin et al. also showed high 

reproducibility assessed by 6 repeated measures on the same individual [35]. 

In conclusion, while there are various methods developed to measure liver fat 

content, H-MRS is considered one of the most valid and reliable non-invasive methods, 

making it a valuable research tool for studying liver fat. 
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2.5 Associations between PA, Diet and IHF 

 Prior literature has suggested that both diet and PA are associated with 

accumulation of IHF; however, observations have been inconsistent. The following will 

summarize the existing literature regarding the associations between PA, diet and IHF 

and present various methodologies to study these components. 

 

2.6 Differentiating PA and Exercise 

The terms “physical activity” and “exercise” are often used interchangeably; 

however, there are specific differences between the two that prevent them to be used 

synonymously with each other. Physical activity is defined as any bodily movement 

produced by skeletal muscles that results in energy expenditure, measured in 

kilocalories. Physical activity in daily life can be categorized in many different ways, 

according to various points throughout the day (occupational, sports, conditioning, 

household, etc.) or according to intensity of movement (sedentary, light, moderate, 

vigorous). The total amount of caloric expenditure is determined by the amount of 

muscle mass producing bodily movements and the intensity, duration and frequency of 

these movements [36, 37]. Exercise, rather, is a subset of physical activity that is 

characterized by its structured, planned, and repetitive nature. Oftentimes, the final or 

intermediate goal of exercise is to improve or maintain physical fitness [37]. It is 

important to distinguish these two concepts, as we will be focusing on physical activity 

specifically in this report. 
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2.7 PA Measurement 

The accurate measurement of physical activity is fundamental for examining the 

relationships between physical activity and health [38]. There are four basic methods for 

studying physical activity, including subjective reports and observations, indirect 

calorimetry, double-labeled water, and portable monitors [39]. 

 

2.7.1 Self-Report Measures of PA 

 Subjective methods for measuring PA include self-report questionnaires. Surveys 

typically include components that assess intensity, frequency, duration and total amount 

of PA performed [38]. However, there are inherent limitations in self-report data. 

Questions about intensity are usually subjective, as participants are typically asked to 

categorize the intensity of their activity into pre-set classes that generally do not have 

anything to compare to. For example, a 70-year old woman’s idea of “light” PA may be 

quite different from that of an 18 year-old male college student. Additionally, in terms of 

frequency, participation in various activities differs widely between the summer and 

winter months, so asking someone to summarize their activity levels could be 

challenging [38].  In general, questionnaires are inexpensive and a useful tool for 

assessing PA in large groups of people; however there are inherent limitations that 

make its reliability and validity questionable. Difficulty in human memory and recall can 

affect reliability of information. Furthermore, people tend to over-report physical activity 

and underestimate sedentary time partly due to the social desirability bias [38]. Overall, 

questionnaires are less sensitive at measuring PA changes than more objective 

measurements and it has limited validity relative to laboratory measures. 
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2.7.2. Objective Measures of PA 

 Indirect calorimetry is an objective method of measuring PA, based on 

quantifying oxygen consumption and carbon dioxide production [40]. Resting metabolic 

rate is derived using this method and energy expenditure is estimated. This method 

involves the use of expensive equipment and is not appropriate for large samples. 

 Double-labeled water is another objective measure of energy expenditure. 

Oxygen in carbon dioxide is in equilibrium with the oxygen in body water [41] and 

turnover rates of isotopically labeled hydrogen and oxygen are different. Therefore, by 

labeling hydrogen and oxygen ions, calculating turnover rates of carbon dioxide can be 

evaluated and energy expenditure can be estimated. This method is also expensive and 

not feasible for large sample studies. 

Portable monitors such as the accelerometer are also useful objective tools to 

measure PA. Accelerometers are devices that measure the acceleration of body 

movements, which can then be used to estimate the frequency, intensity, and duration 

of PA in a given time frame. Most accelerometers detect acceleration in one to three 

orthogonal planes. The device perceives the acceleration of body movements as 

voltage signals which is converted to “counts” [39]. These counts are usually averaged 

over an epoch of 1 minute. These raw data counts are recorded by internal memory and 

downloaded via computer software programs. Software can translate the raw data 

counts to a variety of variables expressed as minutes per day including light PA, 

moderate PA, vigorous PA, total PA, and sedentary time [39].  

To classify PA in terms of intensity, cut-points have been developed by Freedson 

et al. [42]. These cut-points are: sedentary behavior (<100 counts per minute); total PA 
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(>100 counts per minute); light PA (100-1951 counts per minute); moderate PA (1952-

5724 counts per minute) and vigorous PA (>5724 counts per minute).  

There are various limitations that should be considered when interpreting 

accelerometry data. First, not all accelerometers measure PA using the same method, 

which may cause differences across studies that use different devices [43]. 

Furthermore, since the accelerometer is usually worn on the hip, some activities (such 

as cycling) cannot be accurately evaluated by accelerometer [43]. For the same reason, 

accelerometers are also not very sensitive to upper body movement (resistance 

exercise) [44]. 

 Many studies have examined the validity and reliability of subjective versus 

objective measures of PA assessment and have found consistent results. Celis-Moralis 

et al. assessed PA and sedentary behavior in 317 adults using 7-days of accelerometry 

and the International Physical Activity Questionnaire (IPAQ). Fasting insulin, glucose, 

triglycerides, total cholesterol, LDL-cholesterol, HDL-cholesterol, HOMA-IR, waist 

circumference, BMI, body fat percent, and blood pressure were measured. For HOMA-

IR and fasting insulin, the regression coefficients were more than 50% lower for IPAQ 

compared to the accelerometer. Additionally, there were significant relationships 

between IPAQ and HOMA-IR, insulin, and glucose, but none of the other variables, 

while accelerometry data was correlated to all of the variables with the exception of 

blood pressure [45]. Therefore, this study and similar studies have shown that objective 

measures of PA assessment are stronger correlates of health risk than subjective 

reports. 

 



 

	  
	  

21 
	  

2.8 Associations between PA and IHF 

2.8.1. Current Evidence 

Prior studies have shown that subjects with a low level of cardiorespiratory 

fitness (CRF) are likely to have more liver fat [15, 22, 46]. Church et al. was one of the 

first to suggest this relationship when he studied 218 participants and measured CRF by 

maximal treadmill test. Liver fat was measured by CT scan. The authors found an 

inverse association between CRF categories and prevalence of NAFLD. Additionally, 

CRF remained a significant correlate after controlling for BMI. Waist circumference did 

attenuate the association; however, the initial results point to the possible influence of 

PA on NAFLD, seeing as physical activity is the behavior that influences CRF [47]. 

 To our knowledge, only one prior group has examined the association between 

PA and IHF across a range (Table 2). Perseghin et al. was one of the first groups to 

report an inverse relationship between habitual PA and intrahepatic fat. They recruited 

191 participants. Habitual PA was assessed using a validated self-report questionnaire 

that looked at occupational PA, sport during leisure time, and other PA during leisure 

time. Liver fat was measured by H-MRS at rest using a 1.5 Tesla (T) magnet. Subjects 

were separated into quartiles according to the total PA index score and the authors 

found that liver fat content was significantly lower in the most physically active 

individuals compared to the other two groups. This study provided initial evidence for a 

relationship between PA and liver fat content; however, its use of self-reported PA is 

one of its biggest limitations [7]. 

 Other relevant studies have examined the relationship between PA and NAFLD 

prevalence. Krasnoff et al. looked at the relationship between PA and NAFLD in a group 
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of 37 patients recruited from a liver disease clinic. The authors measured CRF, muscle 

strength, and self-reported PA examining current and historical PA participation. Liver 

fat was measured histologically using standard-of-care biopsies. In opposition to the 

evidence from Perseghin et al., this group found no significant difference between the 

proportion of patients classified as active, somewhat active, or inactive using self-report 

among the three steatosis groups (mild, moderate and severe).  There were also no 

differences in total average PA hours per week, low PA, moderate PA, or vigorous PA in 

the three steatosis groups [9]. This study also used self-report measures to assess PA.  

 Very few studies adjusted for the effect of diet on liver fat when examining its 

relationship with PA. Zelber-Sagi et al. studied 349 participants whose fatty liver was 

diagnosed via abdominal ultrasound. PA was assessed by face-to-face interview 

questionnaires and dietary intake was assessed via a detailed semi-quantitative food 

frequency questionnaire. The questionnaire assessed leisure PA over the past year, 

including type, frequency, duration, and length of time engaged in the activity. The 

authors observed that the NAFLD group engaged in less than half the amount of any 

kind of PA. Additionally, adjusting for the consumption of soft drinks, red meat, and fat 

did not affect the relationship between PA and NAFLD [8]. While this study did attempt 

to examine the independent relationship between PA and NAFLD by controlling for diet, 

it still used self-report measures, a less sensitive liver fat measurement technique 

(ultrasound), and only assessed leisure-time PA. 

Finally, Gerber et al. was the first group to measure PA objectively in participants 

with and without NAFLD. They studied data from 3056 participants who participated in 

the National Health and Nutrition Examination Survey (NHANES) project. The 



 

	  
	  

23 
	  

accelerometer was worn for 7 days and NAFLD was measured using the fatty liver 

index. The authors observed that the average total PA for participants with NAFLD was 

approximately 34.9 counts/min/day less than those without NAFLD. Additionally, those 

with NAFLD spent less time participating in PA at any intensity compared to non-NAFLD 

subjects [48]. While this study did use the accelerometer, an objective measure of PA, it 

did not account for the effect of dietary intake. Furthermore, the fatty liver index may 

have underestimated those with NAFLD as it is not a direct estimate of liver fat.  

 While the preceding cross-sectional studies point to a relationship between PA 

and IHF, much can be done to improve their study design which has the potential to 

contribute more convincing evidence to the observation for an independent association 

between PA and liver fat. 
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Table 2. Cross-sectional evidence on the association between PA and IHF. 

Study Study Population Methodology Results 
Krasnoff et al. 
2008 

37 individuals with 
NAFLD (women, 
n=18; men, n=19) 

Current PA and 
PA history by 
questionnaire; IHF 
by biopsy 

No association 
between level of 
activity and 
steatosis severity.  
 

Perseghin et al. 
2007 

31 with NAFLD, 
160 without 
(women, n=77; 
men, n=114) 

PA by 
questionnaire; IHF 
by MRS 

IHF significantly 
lower in the most 
physically active 
individuals. 
 

Zelber-Sagi et al. 
2008 

108 with NAFLD 
and 241 without 
(women, n=165; 
men, n=184) 

Aerobic and 
resistance PA by 
questionnaire; IHF 
by ultrasound 

NAFLD group 
engaged in less 
than half the 
amount of any 
kind of PA. 
 

Gerber et al. 
2012 

3056 participants 
from NHANES 

 NAFLD spent less 
time participating 
in PA at any 
intensity 
compared to non-
NAFLD subjects. 

 

2.8.2. Putative Mechanisms 

Mechanisms that may explain the relationship between PA and liver fat are 

summarized in Table 3. As mentioned previously, hepatic fat accumulation occurs when 

there is an imbalance between fatty acid uptake to the liver and fatty acid clearance. 

The four sources of fatty acid uptake to the liver include free fatty acids released from 

adipose tissue lipolysis, de novo lipogenesis, dietary fatty acids, and chylomicron 

remnants. The primary method of fatty acid clearance from the liver includes that from 
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VLDL-TG secretion and fatty acid oxidation. It goes to follow, then, that the effect of 

increased PA on liver fat is due to some influence on one or more of these pathways. 

 While there is very little research as to possible mechanisms that could explain 

the effect of PA per se on reduction in liver fat, there are studies that point to the 

mechanistic effect of exercise. It is possible that similar mechanisms for both habitual 

PA and exercise are responsible for the reduction in liver fat. We will first look at the 

potential mechanisms that influence hepatic fatty acid uptake. 

There is evidence that PA induces beta-oxidation of fatty acids in the liver, 

adipose tissue, and muscle, which in turn can decrease the circulating fatty acid pool 

[49]. Additionally, there is also indication that PA inhibits hepatic lipogenic enzymes, 

thereby reducing lipid synthesis, through activation of the AMPK pathway [18]. There is 

also evidence to suggest that as a result of exercise, adipose tissue (specifically 

subcutaneous adipose tissue), is more sensitive to insulin. This, in turn, reduces 

lipolysis and its resulting FFA into the blood stream, causing less FFA to be taken up by 

the liver [50]. In terms of fatty acid clearance from the liver, there is evidence that 

regular exercise training increases the capacity for VLDL –TG clearance [51].  

 Animal studies have also provided potential mechanisms by which PA affects 

liver fat content. Similar to the suggestion from human studies, regular exercise in 

rodents reduced hepatic steatosis by inhibiting acetyl-coenzyme A carboxylase and fatty 

acid synthase, which are both enzymes needed for lipogenesis [52]. Interestingly, in 

rats, sedentary behavior is associated with reduction in hepatic fatty acid oxidation and 

mitochondrial enzyme activity, in addition to upregulation of fatty acid synthesis and 

increases of malonyl CoA (inhibits fatty acid oxidation) [52]. 
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 The preceding mechanisms are hypotheses as to how PA may affect intrahepatic 

fat content directly. It is possible that PA can also have an indirect effect on intrahepatic 

fat content through other pathways. As mentioned previously, one theory as to how the 

liver accumulates fat is via spillover of FFAs into circulation from abdominal 

subcutaneous AT that has reached its storage capacity. This situation is likely to 

happen in the setting of chronic positive energy balance. Therefore, it is possible that 

low habitual PA contributes to the positive energy balance, thereby contributing to 

ectopic fat deposition via increasing the spillover of FFAs from subcutaneous depots 

that have reached their capacity. It was also described above that visceral AT may have 

an influence on intrahepatic fat accumulation, since FFA released from the highly 

lipolytic VAT are transported directly to the liver through the portal vein. Therefore, it is 

also possible that PA impacts IHF indirectly through its effect on visceral AT. For 

example, Leskinen et al. compared same-sex twin pairs with differing levels of leisure-

time PA. They observed that the physically inactive co-twins had a 50% greater visceral 

fat area compared with the active co-twins [53]. This study and others supports 

observation that PA influences VAT, and perhaps it is through this pathway that PA 

exerts its effect on intrahepatic fat. 

 While more research is needed to determine the mechanisms by which habitual 

PA affects liver fat content in humans, research from exercise and animal studies point 

to probable pathways that are affected, which ultimately affect the balance between 

fatty acid uptake and clearance. 
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Table 3. Potential direct and indirect mechanisms that explain the relationship between 

physical activity and liver fat. 

 
Direct Indirect 

Induction of FA beta-oxidation  
(reduces circulating FA pool) 

Sensitization of subcutaneous AT to 
insulin (decreased lipolysis and FFA in 
the bloodstream) 

  
Inhibition of lipogenic enzymes 
(decreasd lipid synthesis) 

Reduces positive energy balance, 
leading to decreased FA spillover from 
adipose tissue 

  
Increased capacity for VLDL-TG 
clearance 

Reduction in visceral AT, leading to 
reduction in FFA travelling to the liver 

  
Inhibition of acetyl CoA carboxylase 
and fatty acid synthase (decreased 
lipogenesis) 

 

  
Sedentary behavior decreases hepatic 
fatty acid oxidation and mitochondrial 
enzyme activity 

 

 
 

2.9. Diet Measurement 

2.9.1. Diet Quantity 

Many attempts have been made to capture an accurate representation of dietary 

intake for individuals; however, common challenges associated with self-report tools 

have made an accurate representation of intake difficult to achieve. 

The 24-hour recall method is one in which an interviewer asks a participant to 

recall exactly what he or she has eaten in the last 24 hours. The interviewer records a 

detailed description of the food eaten, including the time the food was eaten, how the 
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food was prepared, and the amount.  For use of individuals, while the 24-hour recall 

method is an indication of actual intake, it does not express usual intake; however, if it is 

taken multiple times in different seasons, it may be used to estimate usual intake. In 

groups, if the sample is representative of the population and includes all days of the 

week, the 24-hour recall method can be used to assess usual intake of groups [54].  

An estimated food record is one in which the subject is asked to record all foods 

at the time in which they eat them. They are instructed to give a detailed description of 

all foods and beverages consumed in standard household measures. Estimated food 

records are usually completed for 3, 5 or 7 days, including both weekdays and a 

weekend day [55]. 

Weighed food records give a more accurate estimation of actual intake than 

estimated food records because subjects are asked to weigh all food and beverages 

consumed, along with providing a detailed description of each food. This method is 

time-consuming for the subject, but does provide more accurate quantitative information 

about usual intake [54]. 

Food Frequency Questionnaires (FFQ) are useful assessment tools for larger 

samples. It is administered by the subject and is designed to gain qualitative, descriptive 

information about usual food consumption. FFQ’s generally consist of a list of foods and 

frequency-of-use response categories. More often, FFQ will use portion sizes, which 

makes it semi-quantitative [56]. 

The above methods are all self-report measurement tools, which come with 

inherent limitations. There are various sources of measurement error that affect the 

accuracy of dietary intake estimation, including but not limited to: respondent bias (over 
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or under-reporting), memory lapses, incorrect estimates of portion sizes, omission of 

vitamin/mineral supplements, interviewer-bias, food coding errors, interpretation of food 

records, and mixed dishes [54].  

 

2.9.2. Diet Quality 

More recently, methods for measuring overall diet quality have emerged, with an 

emphasis on combining multiple dietary factors to look at the diet more holistically in its 

relation to health. It removes the focus from health associations with single nutrients, to 

whole foods and food patterns [57]. Many diet quality indices are developed based on 

how closely an individual’s diet aligns with a healthy diet, based on current nutrition 

knowledge. They include components considered important to health that are quantified 

and summed to provide an overall score of diet quality [58]. The main argument for the 

use of diet quality indices versus individual food components is that people consume 

combinations of different foods that may interact, as opposed to single foods or 

nutrients [58]. It is thought that these patterns may have a stronger association with 

health risk than individual dietary components.  

 The diet quality index chosen for the following manuscript is the Alternate-

Healthy Eating Index. The original Healthy Eating Index was first created in 1995 to 

quantify adherence to the Dietary Guidelines for Americans and at the time, was 

associated with a modest reduction in risk of major chronic disease. The index was 

updated in 2005 to reflect changes to the American dietary guidelines. The Alternate-

Healthy Eating Index (AHEI) was created in 2002 by a group of Harvard researchers as 

an alternative to the HEI. Each component reflects those dietary qualities associated 



 

	  
	  

30 
	  

with lower risk of major chronic disease [59], CVD [59], diabetes [60], heart failure [61], 

colorectal [62], breast cancer [63] and total CVD mortality [64]. The AHEI was updated 

in 2010 to reflect current scientific evidence [65].  

Reedy et al., as part of the Dietary Pattern Methods Project, examined 4 dietary 

indices, including the HEI-2010, the AHEI-2010, alternate Mediterranean Diet (aMED), 

and Dietary Approaches to Stop Hypertension (DASH) score and their relation to all 

cause, CVD and cancer mortality in older adults. The researchers observed a 12-28% 

reduced risk of all-cause, CVD and cancer mortality for men and women who had high 

diet quality compared to low diet quality with no significant differences in all 4 diet 

quality indices [62]. In a recent study by Chiuve et al. they compared the AHEI-2010 

with the HEI-2005 in relation to health risk. The AHEI was associated more strongly 

than the HEI-2005 with risk of major chronic disease (19% vs. 16% lower risk), CHD 

(31% vs. 23% lower risk) and diabetes (33% vs. 18% lower risk) [65]. Given the current 

evidence relating diet quality indices to health risk, the Alternate-Healthy Eating Index 

2010 was chosen to determine diet quality in the subsequent study. 

 

2.10. Dietary Determinants of Liver Fat 

2.10.1. Acute Effect of Diet on Liver Fat 

The liver is a very labile tissue, so it follows that liver fat content can change 

acutely. While some studies have shown a significant change in liver fat after 3 to 10 

days of over- or under-feeding, the effect of a single meal on liver fat has garnered less 

attention. Although the effect of a single meal on liver fat is still unclear, the evidence 

seems to point to a limited effect. Sczczepaniak et al. [33] set out to assess the impact 
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of food on liver fat content levels. Participants fasted over night and had their liver fat 

measured by H-MRS. After the first measurement, participants consumed a high fat 

meal. Four hours after consumption of the meal, the authors repeated the liver fat 

measurement and found no significant changes in liver fat content from the fasted state. 

Ravikumar et al. [66] provided additional evidence wherein they conducted a real-time 

assessment of fat storage in the liver after a meal. Participants fasted the evening 

before the measurements. In the morning, they took baseline H-MRS measurements, 

and were then given a standard breakfast along with 3 grams of a labeled lipid mixture. 

They repeated measurements at 2 and 4 hours and were given another unlabeled meal 

at 5 hours and 10 hours. Liver fat was again assessed at 8 hours and 24 hours. Overall, 

the authors observed an increase in liver fat (rapid incorporation of dietary fatty acids 

into the liver) which peaked at 4 hours but reverted back to baseline by 8 hours. 

However, after this rapid uptake, the fatty acids were rapidly displaced by the following 

unlabeled meals. Therefore, the fatty acid flux into and out of the liver is fast and a 

single meal separated by an overnight fast would have a limited effect on liver fat 

measurement. 

 

2.10.2. Energy Balance 

It has been shown that weight reduction can lead to a significant reduction in liver 

fat content and is incorporated into the usual management of NAFLD [6]. Studies in the 

1960s and 1970s [67] showed that fasting or very low calorie diets (~500 kcal) leading 

to drastic weight reduction also reduces steatosis in all patients; however, this drastic 

weight loss also induced liver damage in some patients. Other more moderate studies 
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have also shown an effect of weight reduction. Ueno et al [68] demonstrated a 

significant reduction in liver fat content after three months of treatment with a balanced 

diet and gradual weight reduction. Furthermore, in one randomized controlled trial that 

incorporated a 48-week weight reduction intervention, NASH histological activity score 

in 32 NASH patients improved significantly and those who achieved a weight loss of 

greater than 7% had significant improvements in liver fat content [69]. These results 

were supported with another RCT that tested the effect of a 12-month lifestyle 

intervention on liver fat reduction in patients with type 2 diabetes and showed that 

moderate calorie restriction plus increased physical activity significantly reduced liver fat 

content and weight compared to controls [70]. These studies support the notion that 

diet, in addition to PA, may act indirectly through a chronic positive energy balance 

resulting from excess energy intake and low energy expenditure, resulting in 

intrahepatic fat accumulation. From the available evidence, it is clear that weight 

reduction has a significant association with reduction of liver fat content. 

 

2.10.3. Dietary Composition and Liver Fat  

Many small studies have attempted to discern the impact of various nutrients on 

liver fat content in patients with NAFLD. Multiple studies in animals have observed a 

significant association between high dietary fat content and liver fat [71-73]. In humans, 

this association has also been tested. 10 obese women were placed on two successive 

2-week isocaloric diets containing either 16% or 56% of energy from fat in a crossover 

design. Liver fat decreased by 20% on the low-fat diet and increased by 35% on the 

high-fat diet, independent of changes in body weight [74]. In terms of associations 
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between type of dietary fat and NAFLD, the evidence is less clear. In a cross-sectional 

study, the dietary intake of patients with NASH vs. controls was richer in saturated fat 

and cholesterol and poorer in polyunsaturated fatty acids [75]. Additionally, omega-3 

fatty acids have been shown to increase insulin sensitivity in rats [76] and reduce liver 

fat content [77]. Furthermore, it has been observed cross-sectionally that NAFLD 

patients have a lower consumption of omega-3 polyunsaturated fatty acids (PUFA) [78]. 

PUFA supplementation significantly reduced liver fat (measured by ultrasound) 

compared to controls [79]. While the direct effect of trans fatty acid (TFA) consumption 

on NAFLD is not known, the association between TFA and insulin resistance [80] and 

coronary heart disease [68] are suggestive that it may be involved in pathogenesis of 

NAFLD. 

 In terms of carbohydrate intake, both sucrose and fructose have been shown to 

increase hepatic synthesis of triglycerides in both rats and humans [81]. Additionally, 

Ouyang et al. observed that consumption of fructose in patients with NAFLD was twice 

that of matched controls [82].  

 In conclusion, more work needs to be done investigating the effect of various 

dietary components on liver fat; however, current evidence points to advising NAFLD 

patients to reduce consumption of total, saturated and trans fat, as well as sucrose and 

fructose, in addition to increasing intake of omega-3 PUFA’s. 

 

Summary 

Physical inactivity is a major public health concern. Recent data suggest that 

85% of Canadians do not meet Canada’s physical activity guidelines (150 minutes/week 
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of moderate-vigorous intensity physical activity) [83]. The recommendations in these 

guidelines speak to structured exercise and do not address total daily PA. While many 

studies have looked at the effects of structured exercise on liver fat, fewer have 

examined the effect of daily PA on liver fat, which may warrant more importance since 

so few Canadians are participating in structured exercise. Thus, the investigation of the 

effects of routine daily PA in those individuals not meeting the guidelines is warranted 

as it is currently unclear whether or not variations in daily PA confer health benefit. 

It is clear from prior investigations that both diet and PA are associated with 

NAFLD. No prior studies have looked at the independent and combined associations of 

diet quality and PA on liver fat in sedentary individuals using criterion methodological 

tools such as accelerometer for measurement of physical activity and proton magnetic 

resonance spectroscopy (MRS) for measurement of liver fat. The 3 objectives of this 

study is to (1) examine the combined and independent associations between dietary 

intake, physical activity, and intrahepatic fat; (2) examine the relationship between 

lifestyle behaviours (diet and physical activity), abdominal obesity and IHF; and (3) 

examine the relationship between abdominal obesity, IHF and insulin resistance. These 

questions is important given the increased prevalence of obesity and corresponding risk 

of disease including excess IHF accumulation. Investigating these questions can help 

refine and tailor realistic lifestyle-based treatment strategies for the prevention of IHF 

accumulation.   
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Chapter 3: Associations between dietary intake, physical activity, and 

intrahepatic fat. 
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3.1 Abstract 

Objectives: Excess accumulation of intrahepatic fat (IHF) is linked to the pathogenesis 

of insulin resistance and dyslipidemia. The purpose of this investigation was to examine 

the inter-relationships between objectively measured physical activity (PA), dietary 

intake, and intrahepatic fat (IHF). 

Methods: Participants were 24 abdominally obese men and post-menopausal women 

between the ages of 40 and 70 years characterized by high IHF (18.1(15.5)%). 

Participants were instructed to record food intake on a standard food log. Diet quantity 

variables (total kilocalories, fat (g), carbohydrate (g), protein (g)) and diet quality 

(Alternate Healthy Eating Index-2010) were calculated. Participants wore an 

accelerometer for objective measurement of PA for 7 days. PA was classified into 

intensity categories and PA variables were derived (total PA, light PA, moderate-

vigorous PA, sedentary time). Fasting levels of glucose, insulin, triglycerides, HDL-

cholesterol, LDL-cholesterol, C-reactive protein, alanine transaminase, and aspartate 

aminotransferase were measured. Anthropometrics (BMI and waist circumference) were 

measured using standard protocols. Cardiorespiratory fitness was measured by 

maximal graded treadmill test, abdominal adiposity by magnetic resonance imaging 

(MRI), and IHF by proton-magnetic resonance spectroscopy (H-MRS).  

Results: No diet (quantity or quality) or PA variable was significantly associated with 

IHF (p>0.05); however, CRF, WC, visceral AT, and HOMA-IR were associated with IHF 

(p<0.05). Dietary intake was not associated with abdominal obesity (visceral AT or WC). 

Sedentary time, light PA and total PA approached statistical significance with visceral 

AT and light PA and total PA were significantly associated with WC (p<0.05). 
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Conclusions: Total PA is associated with IHF indirectly through its association with 

abdominal obesity. This finding emphasizes the importance of light PA, separate from 

national PA guidelines as a treatment target for clinicians. 

Key words: physical activity, diet quantity, diet composition, intrahepatic fat 
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3.2 Introduction 

 The excess accumulation of intrahepatic fat (IHF) is directly involved in the 

pathogenesis of insulin resistance and dyslipidemia, which are risk factors for type 2 

diabetes and cardiovascular disease [1]. To our knowledge, no prior groups have 

examined the inter-relationship between diet quantity, macronutrient composition, 

physical activity (PA) and IHF across a wide range. Cross-sectional evidence can 

identify possible areas of importance for clinicians to target for the prevention of IHF and 

associated chronic disease.  

 No prior studies have examined the association between diet quantity, 

macronutrient composition and IHF, specifically; however, relevant cross-sectional 

studies exist that have investigated the difference between total energy intake and 

macronutrient composition in patients with NAFLD (>5% IHF) and patients without 

(<5%). Observations in these studies are inconsistent. It has been observed that total 

energy, total fat, saturated fat, trans fat, monounsaturated fat, and fructose intake is 

higher in those with NAFLD compared to those without [84] [82, 85-87]; however, others 

suggest there is no association between dietary intake and the presence of NAFLD [75] 

[86]. It is difficult to consolidate the preceding observations, as methodological 

differences including study population, study design, measures of dietary intake, and 

measures of IHF could all affect the observed findings. 

Only one other group has examined the association between PA and IHF. 

Perseghin et al. assessed PA by questionnaire and lHF by H-MRS. The authors 

observed that sport and leisure-PA were negatively associated with IHF [7]. Although 

the preceding study is the only other observation relating to PA and IHF, related 
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investigations report on whether differences in PA exist between those with NAFLD and 

those without. Observations remain consistent in that there is a reduced prevalence of 

NAFLD in those with the highest activity levels [8, 9, 48].  

 To our knowledge, we are the first to measure diet and PA simultaneously in 

relation to IHF in abdominally obese, inactive individuals using criterion methodological 

tools such as accelerometry for measurement of PA and H-MRS for measurement of 

IHF. Additionally, sedentary time has emerged as a novel marker for disease and its 

relationship with IHF is unknown. The purpose of our study is to (1) examine the 

associations between diet quantity, diet quality, and IHF and (2) investigate the relative 

associations between IHF, abdominal adipose tissue depots, waist circumference, and 

insulin resistance. This study will add to existing literature by examining both of these 

important lifestyle behaviours concurrently and may point to areas of importance for 

clinicians to target to reduce the prevalence of excess IHF accumulation and associated 

chronic disease. 

 

3.3 Methods  

3.3.1 Participants 

Participants included 24 middle-aged men (n=4) and post-menopausal women 

(n=20) who were recruited from the general public in Kingston, Ontario. Inclusion criteria 

were: 40-70 years of age; abdominally obese (men, WC > 102 cm; women, WC > 88 

cm); self-reported as physically inactive (defined as participating in less than 1 

structured exercise session per week); and capable of performing a cardiorespiratory 

fitness (CRF) graded exercise treadmill test. Exclusion criteria included: alcohol use 
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averaging > 20 g/day (approximately 1 standard drink) or > 140 g/week (approximately 

7 standard drinks); history of total parenteral nutrition in the last 3 months due to risk for 

liver disease; history of short bowel syndrome or bariatric surgery; previous history of 

hepatic disease; use of lipid-lowering medications; diagnosis of type 2 diabetes; and 

significant change (>1 kg) in body weight over the last 6 months. Initial attempts to 

recruit an exclusively male study sample proved difficult, thus, post-menopausal women 

who met similar inclusion and exclusion criteria were subsequently included.  The 

investigation protocol was approved by Queen’s University Health Sciences Research 

Ethics Board. All participants gave informed consent prior to participation. 

 

3.3.2 Physical Activity Assessment 

Physical activity (PA) was measured with the ActiGraph GT3X accelerometer 

(ActiGraph, Penascola, FL). Accelerometers were programmed to collect data in 1-min 

epochs during a 7-day period and were worn on an elastic belt positioned over the right 

hip at all times except during water-based activities. In addition, participants completed 

a log indicating when they went to bed at night, woke up in the morning, and removed 

the accelerometer. 

 To be included in the analysis, participants were required to wear the 

accelerometer for at least four complete days (including one weekend day) within the 

monitoring period. A complete day was defined as at least 10 hours of wear time during 

the day. Sleep time (determined using both participant logs and visual examination of 

the data) was excluded from the accelerometry analysis. 
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 The accelerometer cut points in this study used to translate the “count” value into 

an estimate of PA intensity were those developed by Freedson et al. Incidental PA was 

defined as ≥ 100 counts per minute (cpm), light PA was defined as 100-1951 cpm, 

moderate PA was defined as 1952-5724 cpm, and vigorous PA was defined as ≥ 5725 

cpm [42]. Average duration (minutes per day) for each IPA, LPA, and MVPA were 

quantified using the Actigraph software.  

 

3.3.3 Diet Quantity/Quality Assessment 

 All participants self-recorded their diet using 7-day food records in which they 

estimated the amount of food and drink consumed. Participants were instructed by a 

Registered Dietitian on how to properly record and provide the following information: the 

timing of food intake; the specific foods and beverages consumed throughout the day; 

the description of the food and/or beverages (brand name, cooking method, percent fat 

of dairy products, etc.); and the estimated amount or portion of each food/beverage 

consumed. Participants were given a standard food log to record their diet for the week. 

 Information from the diet records was inputted manually into ESHA diet analysis 

software (ESHA Food Processor, Salem, OR). The software provided the average 

intake for the following variables that were used in analysis: total calories, grams of 

carbohydrates, grams of fat (including saturated fat, trans fat, monounsaturated fatty 

acids, polyunsaturated fatty acids), grams of protein, and milligrams of sodium. Percent 

of total calories that come from fat, carbohydrate and protein were calculated by 

multiplying grams of fat by 9 kcal/g and grams of carbohydrate and protein by 4 kcal/g, 

dividing by the total calories, then multiplying by 100. 
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 Diet quality was determined using the Alternate Healthy Eating Index-2010 

(AHEI-2010). The AHEI-2010 is based on a comprehensive review and discussion that 

identified foods and nutrients associated with risk of chronic disease [65]. Briefly, this 

index is derived from 9 different components of food intake deemed important for a 

healthy diet (vegetables, fruits, whole grains, sugar sweetened beverages, nuts and 

legumes, red/processed meat, trans fat, long-chain fats, PUFA, sodium, and alcohol). 

The dietitian visually inspected the food records and manually added the number of 

servings of vegetables, fruits, whole grains, sugar sweetened beverages, nuts and 

legumes, red/processed meat, and alcohol for the week and divided by 7 to get a daily 

average number of servings. Trans fat, long-chain fats, PUFA’s, and sodium information 

was gathered from ESHA software and the average daily intake was recorded. Using 

the average daily intake, each component received a score from 0 (worst) to 10 (best) 

as described by Chiuve et al. The total AHEI-2010 score was derived by adding the 

scores of each component and ranged from 0 to 110[65]. 

 

3.3.5 Assessment of IHF by H-MRS 

Percent IHF was measured after an overnight fast. Prior observations point to a 

limited acute effect of a single meal on liver fat, as dietary fat is rapidly incorporated and 

displaced in the liver [33, 66]. Thus, an overnight fast was deemed adequate to account 

for the effects of the meal prior to measurement.  

 Hepatic H-MRS was performed at rest with participants in the supine position 

using a 3.0-Tesla whole-body scanner (Siemens). Sagittal, coronal, and axial localizer 

images were first acquired for all participants to provide reference images for placement 
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of the spectroscopy volume. A 40 mm x 40 mm x 30 mm volume of interest (voxel) was 

positioned within the right lobe of the liver, avoiding major blood vessels, intrahepatic 

bile ducts and the lateral margin of the liver and aligned lateral to the main artery in the 

liver. The voxel was positioned aligned with the T11/T12 disc. After the magnet was 

shimmed (calibrated), spectra were collected using both a spine and body flex coil over 

the participants’ abdomen (Figure 1). Spectra were collected as participants held their 

breath, to minimize motion artifact (Figure 2 A). A STEAM sequence was used with the 

following paramaters: Tr =2000 ms, Te = 64 ms, 10 acquisitions, and 2,048 data points 

over a 1,200-Hz bandwidth. Area of resonances from protons of water (4.8 ppm) and 

methylene groups in fatty acid chains of the hepatic triglycerides (1.4 ppm) were 

obtained using commercial software (Tomovision Inc. Version 5, Montreal, QC, 

Canada). The percent IHF was calculating as the ratio of methylene/(water + 

methylene) signal area X 100 (Figure 2 B). 

 In a subset of 11 participants, percent IHF was measured twice to determine 

reliability. Participants entered the scanner, the IHF spectroscopy sequence was 

completed, participants were removed from the scanner and re-entered the scanner for 

a second acquisition.  

The reliability of our H-MRS measurement used to quantitatively measure IHF 

was in line with other studies. Our sample had a wide range of IHF values (2 – 54%) 

and that there was no association between the difference of the duplicate measures and 

the mean IHF indicates that this measurement was reliable at both low and high IHF 

values. Our coefficient of variation between the duplicate measurements was 7%, which 

is similar to previous literature using this method of measurement (0.3 – 8.5%) [33]. 
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Whether or not IHF is homogeneous across the entire liver is unclear. Cowin et al. 

found minor regional variability in IHF with spectroscopy [35]. In three regions in the 

right lobe, there were no significant differences; however, there were differences in the 

left lobe regions examined. Reeder et al. also suggested that the distribution of IHF may 

not be uniform and Sczcepaniak et al. observed a coefficient of variation of 11% 

between the right and left liver lobe in a subset of 5 participants, three of which had 

lower IHF in the right lobe and the remaining two having lower IHF in the left lobe [30, 

33]. It is possible that our IHF values may have been different if a different region of 

interest was chosen; however, we do not have data to support this. 
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Figure 1. Participant position in H-MRS protocol. 
 
 
 
 
 
Participants lay on the scanning table 
in a supinated position. The spine coil 
is underneath the participant and the 
body flex coil is placed over the 
participant’s abdomen. 
 
 
 
 
 

 
 
Figure 2. H-MRS protocol images. 
 

  
 
 

 
 
 
 
 
 
                                                                                                            
  
 
 
 
 
 
 
Saggital (A) localizer images were used to locate the T11/T12 disc. That location was 
used to obtain an axial (B) view of the liver. The voxel was positioned in the liver given 
the criteria mentioned above. The data was processed using commercial software and 
the spectra were generated (C). 
 
 
 
 

A)	  
B)	  

C)	  
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3.3.6 Assessment of Abdominal Adiposity by MRI 

 A single axial image (3-mm-thick) of the abdomen (centered on L4) was obtained 

using a 3.0-Tesla magnetic resonance imaging scanner (Siemens) at the Centre for 

Neuroscience Studies at Queen’s University with participants laying supine. A T1-

weighted spin-echo sequence (TR=724 ms, TE=18 ms) with a 450-mm field of view was 

used to acquire the MRI data. Once acquired, the abdominal subcutaneous AT and 

visceral AT were analyzed using image analysis software (Tomovision Inc. Version 5, 

Montreal, QC, Canada) and established protocols [88].  

 

Figure 3. Segmentation of abdominal adipose tissue depots by MRI. 

 
 
 
 
 
 
 
 
 
 
 
 

Segmentation of abdominal adipose tissue depots. Adipose tissue depots were visually 
segmented (subcutaneous AT, light green; visceral AT, blue; lean tissue, dark green) 
and volume of adipose tissue was calculated using image analysis software. 
 
 
3.3.7 Anthropometric Measurements 

Body mass was measured to the nearest 0.1 kg on a calibrated scale.  Standing 

height was measured to the nearest 0.1 cm using a wall-mounted stadiometer. These 

measures were used to calculate BMI (kg/m2). Waist circumference was measured at 

the level of the last (floating) rib. 
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3.3.8 Laboratory and Biochemistry Analyses 

 Fasting blood samples were taken by a Registered Nurse following an overnight 

12-hour fast. Serum glucose, insulin, total cholesterol, HDL-cholesterol, LDL-

cholesterol, triglycerides, C-reactive protein (CRP), alanine transaminase (ALT), and 

aspartate aminotransferase [12] were collected in serum-separating tubes (SST). The 

sample was separated by centrifugation at the Lifestyle and Cardiometabolic Research 

Unit, labeled by the Research Nurse, and immediately transported to the CORE 

laboratory at Kingston General Hospital by a Graduate Student for analysis.  

 At the laboratory, fasting serum glucose was analyzed using the Beckman 

Coulter UniCel® DxC 600/800 SYNCHRON® Clinical System (Mississauga, ON) by an 

oxygen rate method employing a Beckman Coulter Oxygen electrode. The % coefficient 

of variation (CV) for this method is 2%. Serum insulin was measured by 

immunoenzymatic assay using the Beckman Coulter UniCel Dxl 800 Access® 

Immunoassay System. The chemiluminescent substrate Lumi-Phos 530 was added to 

the reaction vessel and light generated by the reaction was measured with a 

luminometer. The light production is directly proportional to the concentration of insulin 

in the sample. The % CV reported for this method is 3%. High-sensitivity C-reactive 

protein was measured using the Beckman Coulter UniCel® DxC 600/800 SYNCHRON® 

Clinical System CRPH reagent based on the highly sensitive Near Infrared Particle 

Immunoassay rate methodology. The system monitors change in absorbance, which is 

proportional to the concentration of CRP in the sample. The % CV for this method is 

5%. Aspartate aminotransferase [12] was measured using the AST reagents by an 

enzymatic rate method and alanine aminotransferase (ALT) was measured using the 
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ALT reagent by a kinetic rate method. For both AST and ALT, the Beckman Coulter 

UniCel® DxC 600/800 SYNCHRON® Clinical System monitors the rate of change in 

absorbance, which is directly proportional to the activity of AST in the sample. The % 

CV for both methods is 3.5% 

 HOMA-IR was used as the measure for insulin resistance and was calculated as 

fasting insulin (mU/l) x fasting glucose (mmol/L) / 22.5, as described by Matthews et 

al.[89].  

 Systolic and diastolic blood pressure was measured immediately before the 

fasted blood draw using the BP Tru Blood Pressure Monitor (BPTru Medical Devices, 

Coquitlam, BC). Participants were seated comfortably and the blood pressure cuff was 

placed on the upper arm. Six readings were obtained at 2 min intervals. The average of 

the last 5 measures was used to determine both SBP and DBP. 

 

3.3.8 Cardiorespiratory fitness 

All participants performed a graded treadmill test using standard open circuit 

spirometry techniques (Sensor-Medics, Yorba Linda, California). Participants were first 

fitted with a heart rate monitor (Polar Electro Canada, Lachine, QC), as well as a Mass 

Flow Sensor to analyze respiratory gases throughout the test. This sensor was attached 

to a facemask that was securely fitted on the participants’ heads. The participants 

began the test with a 5-minute warm-up, gradually increasing up to a speed that could 

be maintained the entire test (relatively brisk). After the 5-minute warm-up, participants 

were asked to rest before beginning the test. Participants began the test at a relatively 

brisk pace determined from the warm-up and at level grade. The grade was increased 
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by 2% every 3 minutes. If, after 3 minutes at the maximal incline of 15% the participant 

did not reach exhaustion, speed was increased by 0.2 mph. Heart rates were observed 

and recorded by the assessor every 20 seconds throughout the test and breath-by-

breath analysis of respiratory gases were recorded using the VMax System (Toronto, 

ON). Once participants reached volitional fatigue, the test was terminated and the 

participant was disconnected from the breathing circuit and instructed to continue 

walking on the treadmill for 5 minutes to cool down. Data (including VO2peak, RER, and 

oxygen consumption throughout) was transferred onto a laboratory computer for secure 

storage. 

 

3.3.9 Statistical Analyses 

 Descriptive variables for this sample are presented as mean ± SD. Appropriate 

transformations were used to normalize CRP, ALT, AST, IHF, Protein (grams), MVPA, 

HOMA-IR, abdominal AT, abdominal subcutaneous AT, and relative CRF. All other 

variables were normally distributed. 

 The reliability of the IHF measurement was determined visually and quantitatively 

using a Bland-Altman plot with its corresponding regression line. The coefficient of 

variation was calculated by taking the standard deviation of the duplicate measurements 

and dividing by the mean. 

 Linear regression was used to determine associations between diet, PA, 

adiposity and IHF. Multiple regression was used to examine associations between 

adiposity variables, IHF, and HOMA-IR. Correlation coefficients were reported for 
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selected relationships. P-values of < 0.05 were accepted to indicate statistical 

significance. All statistical analyses were conducted using SPSS (Version 22) software. 

 

3.4 Results 

3.4.1 Participant Characteristics 

Participant characteristics are shown in Table 1. Participants were middle-aged, 

abdominally obese men (n=4) and women (n=16) characterized by high intrahepatic fat 

(IHF) [mean (SD), 18.1(15.5)%]. The accelerometry data revealed that, despite a self-

reported physically inactive lifestyle, 4 individuals met the Canadian Physical Activity 

guidelines (accumulating >150 minutes of moderate-vigorous PA per week in bouts of 

10 minutes or more). Analysis revealed that after removing “active” participants, our 

primary observations were similar and thus, we collapsed the activity levels for all 

analyses. 
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Table 1. Participant characteristics. 
 
Variable Mean (SD) 
Anthropometric   
     Age, yr    58.9    (7.3) 
     Body mass index, kg/m2    31.2    (4.1) 
     Waist circumference, cm  105.7  (10.0) 
MRI, cm3  
     Total abdominal AT  153.2  (69.2) 
     Abdominal subcutaneous AT  100.6  (65.1) 
     Visceral AT    52.7  (22.0) 
     Intrahepatic Fat (%) 
Metabolic  

   18.1  (15.5) 

     Fasting glucose, mmol/l      5.4    (0.6) 
     Fasting insulin (pmol/l)    56.8  (30.7) 
     HOMA-IR      2.3    (1.47) 
     Triglycerides (mmol/l)      1.4    (0.7) 
     Total cholesterol (mmol/l)      5.3    (0.9) 
     HDL-cholesterol (mmol/l)      1.4    (0.3) 
     LDL-cholesterol (mmol/l)      3.2    (0.8) 
     C-reactive protein (mg/l)      3.8    (3.6) 
     ALT (U/L)    23.2  (10.5) 
     AST (U/L)    22.3    (5.4) 
   Systolic BP (mmHg) 
   Diastolic BP (mmHg) 

 

 118.2  (13.1) 
   75.7    (9.2) 

Physical Activity (mins/day)   
     Sedentary  651.6 (122.0) 
     Light Physical Activity   276.2   (76.9) 
     Moderate Physical Activity     14.1   (13.7) 
     Vigorous Physical Activity       0.1     (0.5) 
     Total Physical Activity   290.4   (84.9) 
CRF(L/min)      2.4     (0.5) 
CRF (mL/kg/min)    29.0     (5.3) 
Dietary (average per day)   
     Total kilocalories 1869.0 (378.0) 
     Fat (% total kcal)     35.9     (6.9) 
     Carbohydrate (% total kcal)     46.4     (9.9) 
     Protein (% total kcal)     17.5     (3.9) 
     Diet Quality Score (AHEI)     58.2   (14.1) 
	  	  
AT, adipose tissue; CRF, cardiorespiratory fitness; AHEI, Alternative Healthy Eating 
Index. 
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3.4.2 Reliability of IHF Measurement 

Duplicate measurements of IHF in 10 of the study participants showed good 

reproducibility over a wide range of IHF values (2.0 to 53.6%). Assessment of the linear 

trend of the Bland-Altman plot using simple regression shows that there is no significant 

association between the difference of the two scans and the mean (Figure 4, p>0.05), 

suggesting that the difference between the two scans is not a function of the mean % 

IHF of the two scans. The coefficient of variation (CV) between the two measures was 

7%. 

 

Figure 4. Reliability tests for percent IHF. 

  

Figure 4. Bland-Altman Plot displaying mean % IHF against difference in % IHF 

between Scan 1 and Scan 2.  
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3.4.3 Relationship between Diet, PA and IHF 

The associations between IHF content and selected variables are shown in Table 

2. No diet (quantity or quality) or PA variable was significantly associated with IHF 

(p>0.05) (Figure 5). However, CRF (L/min), WC, visceral AT and HOMA-IR were 

associated with IHF (r =0.56, 0.43, 0.60, and 0.71, respectively; p<0.05). Abdominal AT 

and abdominal subcutaneous AT were not significantly associated (p>0.05). 

Table 2. Associations between anthropometric, dietary, PA, adiposity, and metabolic 
variables with IHF. 
 
Variable Unstandardized B R2 p-value 
Anthropometric    
     Age -0.11 (0.01) 0.04 0.35 
     BMI  0.02 (0.02) 0.06 0.25 
     WC  0.02 (0.01) 0.18 0.04 
Dietary (average/day)    
     Total kcal  0.00 (0.00) 0.10 0.14 
     Carbohydrate (g)  0.00 (0.00) 0.00 0.80 
     Protein (g)  0.46 (0.80) 0.02 0.57 
     Fat (g)  0.01 (0.00) 0.10 0.14 
     Diet Quality -0.01 (0.01) 0.03 0.44 
Physical Activity (mins/day)   
     Sedentary  0.00 (0.00) 0.00 0.80 
     Light PA -0.00 (0.00) 0.07 0.22 
     Moderate PA -0.04 (0.19) 0.00 0.85 
     Total PA 
CRF 

-0.00 (0.00) 0.06 0.26 

     CRF (L/min)  0.46 (0.15) 0.32 0.01 
     CRF (ml/kg/min)  1.83 (1.09) 0.12 0.11 
MRI (cm3)    
      AbAT  0.65 (0.50) 0.07 0.21 
      ASAT -0.64 (16.60) 0.00 0.97 
      VAT  0.01 (0.00) 0.36 0.00 
Metabolic    
     HOMA-IR  1.07 (0.23) 0.51 0.00 
BMI, body mass index; WC, waist circumference; kcal, kilocalories; PA, physical activity; 
CRF, cardiorespiratory fitness; AbAT, abdominal adipose tissue, ASAT, abdominal 
subcutaneous adipose tissue; VAT, visceral adipose tissue. 
 
*Significant associations (p ≤ 0.05) 
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Figure 5. Relationships between IHF with total kilocalories and total PA. P>0.05.  

 

 

 

3.4.4 Relationship between Diet, PA and Abdominal Obesity 

To explore whether diet and PA behaviours may influence IHF content through 

corresponding changes in abdominal obesity, the association between diet and PA 

variables with visceral AT and WC were assessed. Diet quantity and quality were not 

0	  
0.2	  
0.4	  
0.6	  
0.8	  
1	  

1.2	  
1.4	  
1.6	  
1.8	  
2	  

0	   100	   200	   300	   400	   500	  

Lo
g(
IH
F)
	  

Total	  Physical	  Activity	  (mins/day)	  

0	  
0.2	  
0.4	  
0.6	  
0.8	  
1	  

1.2	  
1.4	  
1.6	  
1.8	  
2	  

0	   500	   1000	   1500	   2000	   2500	   3000	  

Lo
g(
IH
F)
	  

Kilocalories	  



 

	  
	  

55 
	  

significantly associated with visceral AT or WC (p>0.05, Table 3). Sedentary time, light 

PA and total PA approached statistical significance with visceral AT (p-value=0.06, 0.09, 

0.09, respectively), while light PA (r=0.42) and total PA (r=-0.43) were significantly 

associated with WC ( p<0.05). CRF was significantly associated with visceral AT 

(r=0.57; p<0.01), but not WC (p>0.05).  

 

Table 3. Associations between dietary intake, PA, and metabolic variables with WC. 
 
Variable Unstandardized B R2 p-value 
Dietary (average/day)    
     Total kcal   0.00 (0.01)  0.00 0.95 
     Carbohydrate (g)  -0.19 (0.04) 0.01 0.63 
     Protein (g)  -7.78 (20.10) 0.01 0.70 
     Fat (g)   0.02 (0.09) 0.00 0.80 
     Diet Quality  -0.08 (0.15) 0.01 0.61 
Physical Activity (mins/day)   
     Sedentary    0.02 (0.02) 0.08 0.17 
     Light PA   -0.05 (0.03) 0.17 0.04 
     Moderate PA   -4.43 (4.57) 0.04 0.34 
     Total PA 
CRF 

  -0.05 (0.02) 0.18 0.04 

     CRF (L/min)     6.37  (4.27) 0.10 0.15 
     CRF (ml/kg/min)   -43.43 (27.80) 0.10 0.13 
Metabolic    
     HOMA-IR    20.09 (6.78) 0.29 0.01 
 
BMI, body mass index; WC, waist circumference; kcal, kilocalories; PA, physical activity; 
CRF, cardiorespiratory fitness. 
 
*Significant associations (p ≤ 0.05) 
 

3.4.5 Relationship between CRF and Ectopic Fat Depots with HOMA-IR 

The associations between HOMA-IR and selected variables are shown in Table 

4. Abdominal AT, visceral AT, WC and IHF were significantly associated with HOMA-IR 

(r= 0.51, 0.61, 0.53, and 0.71, respectively p<0.05) while abdominal subcutaneous AT 
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approached statistical significance (p=0.06). CRF was not significantly associated with 

HOMA-IR (P>0.05). After controlling for IHF content, visceral AT and WC were no 

longer associated with HOMA-IR (p>0.05) whereas after controlling for visceral AT and 

WC, the association between HOMA-IR and IHF content remained significant (p<0.05). 

Abdominal AT and abdominal subcutaneous AT remained significantly associated with 

HOMA-IR after controlling for IHF (p<0.05). IHF remained significantly associated with 

HOMA-IR after controlling for each abdominal AT and abdominal subcutaneous AT 

(p<0.05).  
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Table 4. Associations between ectopic fat depots and cardiorespiratory fitness with 
HOMA-IR. 
 
Variable Unstandardized B R2 p-value 
Simple Regression    
    
CRF    
     CRF (L/min)    0.19 (0.11) 0.12 0.11 
     CRF (ml/kg/min)    0.05 (0.78) 0.00 0.95 
MRI (cm3)    
     AbAT    0.84 (0.30) 0.26 0.01 
     ASAT -20.55 (10.17) 0.16 0.06 
     VAT    0.01 (0.00) 0.37 0.00 
IHF (%)    0.47 (0.10) 0.51 0.00 
WC    0.01 (0.01) 0.29 0.01 
    
Multiple Regression    
    
VAT and IHF    
     VAT   0.00 (0.00)  0.13 
     IHF   0.36 (0.12)  0.01 
WC and IHF    
     WC   0.01 (0.00)  0.09 
     IHF   0.39 (0.11)  0.00 
AbAT and IHF    
     AbAT   0.57 (0.23)  0.02 
     IHF   0.41 (0.09)  0.00 
ASAT and IHF    
     ASAT -20.25 (6.63)  0.01 
     IHF    0.47 (0.09)  0.00 
 
CRF, cardiorespiratory fitness; AT, adipose tissue, IHF, intrahepatic fat. 
 
*Significant associations (p ≤ 0.05) 
 

3.5 Discussion 

The primary finding of this study is that 1-week measures of PA and diet quantity 

or composition are not directly associated with intrahepatic fat (IHF). However, that we 

observed a significant association between both light and total PA and waist 

circumference (WC), which was strongly associated with IHF, suggests that PA is 
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associated with IHF indirectly through its influence on abdominal obesity. This finding 

reinforces the notion that WC is a clinically useful tool for assessing risk for IHF 

accumulation and emphasizes the importance of light-intensity PA, separate from 

national PA guidelines, as a treatment target for clinicians. 

Although no prior studies examined diet and PA simultaneously in association 

with IHF as our study did, Zelber-Sagi et al. did consider both variables in relation to 

NAFLD prevalence, classified as having IHF greater than 5% [8].  The authors 

assessed leisure-time aerobic and resistance PA over the preceding year by face-to-

face interview and assessed diet using a semi-quantitative food frequency questionnaire 

(FFQ). The authors found a significant difference in resistance PA between the two 

groups; however, this relationship was eliminated after adjusting for WC. This is 

consistent with our findings in that it suggests that the relationship between resistance 

PA and NAFLD prevalence can be explained through abdominal obesity assessed by 

WC. The relationship between resistance PA and NAFLD prevalence did not change 

after adjusting for any of the diet variables.  

Our finding that all components of PA are not directly associated with IHF differs 

from that of Perseghin et al., the only other study to examine the association between 

PA and IHF [7]. They assessed PA by self-report using a questionnaire in 191 

individuals and observed that sport  (r=-0.27) and leisure PA (PA during leisure time, 

including watching television, walking and cycling; r=-0.17), but not occupational PA, 

was associated with IHF measured by H-MRS. The authors did not measure abdominal 

obesity, thus whether or not the relationship between PA and IHF would remain 

independent of WC is unclear. Additionally, the variance explained by sport and leisure 
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PA is small (<10%), which is noteworthy at it suggests other factors are having an 

impact on the relationship.  

Our observations also extend those of Perseghin et al., as we were able to 

objectively measure sedentary time, which is a novel aspect of PA that is independently 

associated with elevated plasma glucose [90]. That sedentary time was not related to 

either abdominal obesity or IHF in our study, suggests that alternative factors exist that 

may explain the relationship between sedentary time and insulin resistance. 

Several putative mechanisms may explain our observation that WC may mediate 

the association between all components of PA and IHF. WC has long been a surrogate 

for abdominal obesity and the importance of measuring WC in practice has been 

highlighted [91]. That the insulin-resistant visceral AT plays a special role in delivering 

excess FFA to the liver directly via the portal vein is established, as is the contribution of 

FFA from the systemic circulation that is elevated in response to upper body 

subcutaneous AT lipolysis [92]. In our observations, WC is likely reflecting both the 

contribution of abdominal subcutaneous AT and visceral AT lipolysis that is elevated in 

obesity. It is well established that increased PA reduces abdominal obesity and our 

observations support the notion that the influence of all components of PA on IHF 

accumulation occurs through PA’s association with WC. 

While this study is the first to examine the simultaneous association of PA, diet 

and IHF, others have considered the association between diet alone in those with and 

without NAFLD and observations are inconsistent. Many studies have observed no 

significant difference in total energy intake or diet composition (assessed by food 

records or FFQ) in those with and without NAFLD [75, 87]. However, not all studies 
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report similar findings, with few studies reporting a significantly greater total energy 

intake, total fat, saturated fat, or monounsaturated fat intake in patients with NAFLD 

compared to those without [75, 78, 82, 84]. Inconsistencies between the studies in 

NAFLD and those without may be due to small sample size, study population 

differences, and the range of subjective methods used to estimate dietary intake.  

That our study and others have found no significant association between diet 

composition and IHF does not negate the importance of following a healthful diet 

according to national guidelines. One mechanism by which diet may contribute to IHF 

accumulation is through its contribution to chronic positive energy balance. Our 

observations are likely a consequence of poor methodological tools used to assess 

dietary intake, which results in gross inaccuracies in estimating actual intake, leading to 

the over- or under-estimation of the relationship between dietary intake and IHF.  

CRF is an independent predictor of morbidity and mortality and is often used as a 

surrogate measure of PA [93]. Our finding that CRF is significantly associated with IHF 

is consistent with prior studies. Church et al. was one of the first to suggest this 

relationship when he studied 218 participants, measuring CRF by maximal treadmill test 

and IHF by CT scan. The authors found an inverse association between CRF 

categories and the CT-determined liver to spleen ratio to estimate IHF. CRF remained a 

significant correlate after controlling for BMI, while WC attenuated the association[47]. 

Multiple investigators have found similar observations regarding the relationship 

between CRF and IHF [20, 22]. These observations point to the possible influence of 

PA on IHF, as PA is a behavior known to influence CRF [47]. However, that none of our 
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PA variables were significantly associated with IHF indicates that CRF may reflect a 

genetic influence that affects IHF, and not the PA behavior in this case.   

Our secondary finding that IHF is the strongest predictor of insulin resistance, 

represented by HOMA-IR, after controlling for abdominal AT depots is consistent with 

prior studies [16-18]. These observations conflict with others who report that VAT is a 

stronger predictor of metabolic risk than IHF [19, 22]. Factors that may explain the 

discrepancy between our observations and those preceding include differing baseline 

levels of IHF in the studied sample populations, in addition to differences in 

methodologies used for the assessment of IHF and insulin resistance. While IHF 

explains 51% of the variance in HOMA-IR, it is clear that other factors are contributing 

to insulin resistance. However, our observations add to the current literature regarding 

the association of ectopic fat depots and insulin resistance by providing support for the 

notion that IHF is a significant predictor of metabolic dysfunction and should be 

considered an important factor to target for clinicians. 

 Limitations of our study include relatively small sample size, which may have 

resulted in our not being powered to detect a significant relationship. Additionally, we 

included both men (n=4) and women (n=20) in our analysis. It is possible that IHF 

accumulation is affected differently by diet and PA across sex. Also, our methodology 

may not have captured the true behaviours of our participants. While we measured PA 

objectively with accelerometry, we only captured 7 days. While 7 days is in line with 

accelerometry recommendations concerning feasibility and practicality [94], we cannot 

assume that this measure is reflective of the participants’ lifetime PA habits. Both diet 

quantity and diet quality variables were based on self-reported 7-day diet records. 
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Limitations with self-reported dietary intake have been documented in the literature and 

inaccuracies in estimations may have resulted in attenuating the relationship between 

diet composition and IHF. Our observations point to the need to develop better tools for 

estimating diet intake as it relates to metabolic risk factors. 

In summary, we observed that all components of PA are indirectly associated 

with IHF via WC. This finding sets the stage for a series of rigorous interventions 

designed to consider the effect of varying manipulations in components of PA on 

reduction in abdominal obesity, and correspondingly, reductions in IHF. Our findings 

point to the clinical importance of LPA, separate from structured moderate-to-vigorous 

intensity exercise, as an undervalued and important lifestyle target to prevent excess 

IHF accumulation. 
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Chapter 4: General Discussion 

4.1 Summary of the Key Findings 

 The principal observation of this study is that 7-day dietary intake and PA were 

not associated with intrahepatic fat (IHF), which is an important risk factor for the 

development of metabolic disease including insulin resistance, type 2 diabetes, and 

cardiovascular disease. While we did not find a direct association, we did observe that 

light-intensity PA and total PA may influence IHF indirectly through its association with 

waist circumference (WC). This study is the first to examine dietary intake and 

objectively measured PA simultaneously in relation to IHF, measured by proton-

magnetic resonance spectroscopy (H-MRS). It adds to the current body of literature 

examining the association of lifestyle behaviours in those with NAFLD (IHF>5%) and 

those without (IHF <5%) and emphasizes the importance of both WC and light-intensity 

PA as a treatment target to prevent the accumulation of IHF. 

 Over 65% of Canadian adults are not meeting the Canadian Physical Activity 

guidelines (150 minutes of moderate-to-vigorous intensity PA per week in bouts of 10 

minutes or more). That we found an indirect association between light-intensity PA 

performed outside of the guidelines and IHF, via the mediating influence of WC, is 

encouraging. Many adults report several barriers to performing structured exercise, so 

the finding that light PA outside of structured exercise has a beneficial effect on 

metabolic health provides an alternative treatment target for public health officials. 
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4.2 Key Strengths and Limitations  

 The primary strengths of our study include our criterion methodology used to 

measure IHF and physical activity. Accelerometry is the gold standard objective 

measure of PA was only used in one prior study concerning the relationship between 

PA and NAFLD prevalence [48]. That we were able to use accelerometry provided us 

with the unique ability to assess the influence of various intensities of PA and sedentary 

time on IHF, a unique observation. Additionally, H-MRS is the criterion method to 

quantify IHF. That we were able to collaborate with the Centre for Neuroscience Studies 

and Tomovision to develop the protocol and software necessary to measure this 

important ectopic fat depot is a key strength to the quality of the work done. Our study is 

also the first to examine dietary intake and PA simultaneously in relation to its 

association with IHF. Studying both of these behaviours made it possible to assess the 

independent contribution of each. 

  There are limitations in our study. First, our relatively small sample size may 

have resulted in our not being powered to detect a significant relationship between 

dietary intake or PA and IHF. Additionally, we included both men (n=4) and women 

(n=20) in our analysis. It is possible that IHF accumulation is affected differently by diet 

and PA across sex. Also, our methodology may not have captured the true behaviours 

of our participants. While we measured PA objectively with accelerometry, we only 

captured 7 days. While 7 days is in line with accelerometry recommendations 

concerning feasibility and practicality (Ward 2005), we cannot assume that this measure 

is reflective of the participants’ lifetime PA habits. Both diet quantity and diet quality 

variables were based off self-reported 7-day diet records. Limitations with self-reported 
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dietary intake have been documented in the literature and inaccuracies in estimations 

may have resulted in attenuating the relationship between diet composition and IHF. 

Our observations point to the need to develop better tools for estimating diet intake as it 

relates to metabolic risk factors. 

 

4.3 Directions for Future Research 

 A major advantage of conducting cross-sectional investigations is that it provides 

insight and justification for possible intervention trials. That we observed that LPA is 

associated with IHF indirectly through its influence on WC points to possible 

randomized controlled trials in which LPA is manipulated and the effect on IHF is 

measured. Multiple exercise studies have examined the influence of structured 

moderate-to-vigorous-intensity exercise on IHF; however, no prior study has assessed 

activity separate from guideline PA adjustments. This evidence would extend current 

knowledge by emphasizing the link between LPA and IHF and highlighting the utility of 

LPA as a target for public health practitioners. 

 Another area for future research includes the examination of the putative 

mechanisms involved that might explain the association of dietary intake or LPA on IHF. 

Mechanistic studies can help to clarify the direct and indirect associations between 

variables and point to specific target areas for treatment and prevention. 

 Finally, one of the major interpretations of our findings is that while there exists 

an objective measure for PA, accurate measures for assessing dietary intake are 

lacking. It is well-documented that subjective questionnaires of dietary intake are 

exposed to many limitations that lead to over- or under-estimation of dietary intake. This 
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makes it difficult to discern any associations between what is thought to be a very 

important and influential lifestyle behavior that affects risk for chronic disease. It seems 

there has not been much progression in the development of better tools to measure 

dietary intake and this area of research is both necessary and important. 

 

4.4 Contribution to Field of Study 

 One noteworthy issue that arose after completing this study is the need for more 

reliable measures of dietary intake. The advancement in technology that resulted in the 

development of the accelerometer to measure PA has revolutionized the study of PA, 

wherein researchers no longer need to depend on self-report measures, but rather, can 

objectively measure the intensity and amount of PA. As a Registered Dietitian, this is an 

area that is of personal interest. It became increasingly apparent through the course of 

this manuscript that we lack the tools necessary to reliably study dietary intake and its 

relationship to disease. The only method of investigating the specific effect of changes 

in dietary intake and disease outcomes is to use metabolic wards, wherein participants 

are in a completely controlled environment and only consume what is given to them, 

without the influence of the external environment. Not only are these studies extremely 

costly and resource-consuming, but they also lack the generalized validity that 

translates findings to the public. 

 Our study adds to the growing body of evidence that has shown the association 

between PA and disease. Multiple studies have considered and observed the 

independent association of cardiorespiratory fitness and morbidity and mortality. CRF 

has also been shown to explain risk for chronic disease beyond commonly measured 
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cardiometabolic risk factors. Recent literature has proposed multiple simple tools 

physicians or allied health practitioners can use to assess PA and/or fitness in clinic, 

including both patient questionnaires and physical exercise tests. While the research 

exists showing why assessing CRF or PA is important and possible tools to measure it 

in practice, this knowledge now has to be translated to primary care physicians. 

Programs such as Exercise is Medicine® are aiming to do just this. One of the 

organization’s primary tenets is to encourage primary care physicians to assess and 

review patients’ physical activity at every visit. It encourages referral to allied health 

practitioners such as physiotherapists and kinesiologists to provide the expert 

knowledge to patients when physicians do not have the time, resources, or knowledge 

to do so. 

Another important area that emerges from the findings of this study is the issue 

that, while the benefits of a physically active lifestyle and balanced diet are well-known, 

it is very difficult to influence patients to change current behaviours. As a Registered 

Dietitian, I have first-hand experience with the difficulties of implementing behavioural 

change. Current research in the Lifestyle and Cardiometabolic Research Unit focusing 

on small changes in diet and PA to prevent further weight gain is promising. Diet and 

PA cannot be viewed as mutually exclusive. They likely work in conjunction with one 

another and should be promoted as such. More research needs to be done examining 

the optimal strategies to encourage behavioural changes in dietary intake and physical 

activity and this research needs to be translated to allied health practitioners and 

primary care physicians who are having direct contact with these patients. 
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The findings of our study add to the expansive body of literature suggesting a 

beneficial association between PA and metabolic dysfunction. That we observed a 

significant association between both light and total PA and waist circumference, which 

was strongly associated with IHF, suggests that PA is associated with IHF indirectly 

through its influence on abdominal obesity. This finding reinforces the notion that WC is 

a clinically useful tool for assessing risk for IHF accumulation and emphasizes the 

importance of light-intensity physical activity, separate from national PA guidelines, as a 

treatment target for clinicians. Further work should be done to encourage physicians to 

assess PA in clinic, in addition to assessing optimal strategies to implement lifestyle 

behavioural changes to reduce the risk for chronic disease. 

 

4.5 Summary and Conclusions 

In summary, we observed that all components of PA are indirectly associated 

with IHF via WC. This finding sets the stage for a series of rigorous interventions 

designed to consider the effect of varying manipulations in components of PA on 

reduction in abdominal obesity, and correspondingly, reductions in IHF. Our findings 

point to the clinical importance of LPA, separate from structured moderate-to-vigorous 

intensity exercise, as an undervalued and important lifestyle target to prevent excess 

IHF accumulation. 
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QUEEN'S UNIVERSITY HEALTH SCIENCES & AFFILIATED TEACHING HOSPITALS RESEARCH 
ETHICS BOARD-DELEGATED REVIEW 
November 21, 2013 
 
Ms. Andrea Brennan 
School of Kinesiology and Health Studies 
Queen’s University 
 
Dear Ms. Brennan 
Study Title: PHE-140-13 Independent effects of physical activity and diet on liver fat content in abdominally 
obese men. 
File # 6010960 
Co-Investigators:   Dr. R. Ross 
 
I am writing to acknowledge receipt of your recent ethics submission. We have examined the protocol (November 
2013), Thesis Advisory Committee Approval form, Physical Activity Readiness questionnaire – PAR-Q Plus, MRS 
Screening form, recruitment advertisement, revised initial interest response (email), initial interest response 
(telephone) and revised information/consent form for your project (as stated above) and consider it to be ethically 
acceptable. This approval is valid for one year from the date of the Chair's signature below. This approval will be 
reported to the Research Ethics Board. Please attend carefully to the following listing of ethics requirements you 
must fulfill over the course of your study: 
 
Reporting of Amendments: If there are any changes to your study (e.g. consent, protocol, study procedures, etc.), 
you must submit an amendment to the Research Ethics Board for approval. Please use event form: HSREB Multi-
Use Amendment/Full Board Renewal Form associated with your post review file # 6010960 in your Researcher 
Portal (https://eservices.queensu.ca/romeo_researcher/) 
 
Reporting of Serious Adverse Events: Any unexpected serious adverse event occurring locally must be reported 
within 2 working days or earlier if required by the study sponsor. All other serious adverse events must be reported 
within 15 days after becoming aware of the information. Serious Adverse Event forms are located with your post-
review file 6010960 in your Researcher Portal (https://eservices.queensu.ca/romeo_researcher/) 
 
Reporting of Complaints: Any complaints made by participants or persons acting on behalf of participants must be 
reported to the Research Ethics Board within 7 days of becoming aware of the complaint. Note: All documents 
supplied to participants must have the contact information for the Research Ethics Board.  
 
Annual Renewal: Prior to the expiration of your approval (which is one year from the date of the Chair's signature 
below), you will be reminded to submit your renewal form along with any new changes or amendments you wish to 
make to your study. If there have been no major changes to your protocol, your approval may be renewed for 
another year.  
 
Yours sincerely, 
 

 
Chair, Health Sciences Research Ethics Board 
November 21, 2013 
 
Investigators please note that if your trial is registered by the sponsor, you must take responsibility to ensure 
that the registration information is accurate and complete 
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Liver Fat Study 
 

Manual of Operating Procedures 
 
 
 
STUDY TITLE: “Independent associations between physical activity, diet and 
intrahepatic fat in adults.” 
 
 
 
PRINCIPAL INVESTIGATOR:  Robert Ross, Ph.D., FAHA, FACSM 
Queen’s University 
School of Kinesiology and Health Studies/ 
Medicine, Department of Endocrinology and Metabolism 
Kingston, Ontario, K7L 3N6 
(613) 533-6583 
 
 
CO-INVESTIGATOR: 
 
Andrea Brennan, BASc, RD, MSc (Candidate) 
School of Kinesiology and Health Studies 
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1.1. Introduction 

The excess accumulation of intrahepatic fat, termed non-alcoholic fatty liver 
disease (NAFLD) is directly involved in the pathogenesis of insulin resistance and 
dyslipidemia, which are risk factors for type 2 diabetes and cardiovascular disease.  

It is clear from prior investigations that both diet and physical activity are 
associated with NAFLD. No prior studies have looked at the associations of 
simultaneously measured diet and physical activity on liver fat in sedentary individuals 
using criterion methodological tools such as accelerometer for measurement of physical 
activity and proton magnetic resonance spectroscopy (MRS) for measurement of liver 
fat.  
 
The proposed study will address the following questions: 
 
Primary Questions: 
 

1) What are the independent associations between diet quantity, diet quality, and 
physical activity on IHF in abdominally obese men and women?  
 

2) Is IHF associated with insulin resistance, independent of abdominal adiposity? 
 

The study will be a cross-sectional investigation on the independent and combined 
associations of physical activity and diet quality and/or quantity on IHF. Participants will 
be free-living and asked to maintain their habitual dietary and physical activity habits 
throughout the study. 

1.2. Key Personnel 

Co-Investigators 
Essential to the study are the major decision-makers. First and foremost, Andrea 
Brennan, along with Dr. Robert Ross as co-investigators will provide the final word on 
all major decisions regarding the study. 
 
Graduate Students 
The Ross Laboratory graduate students will assist in various Liver Fat study research 
tasks, including taking accurate measurements of study variables (VO2peak, waist 
circumference), safely storing and securing participant data, and scheduling and 
escorting participants to their appointments. 
 
Graduate students include: 

• Billy Bostad 
• John Clarke 
• Theresa Cowan 
• Angela Fernandez 
• Sara Giovannetti 
• Alexander Ricketts 
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• Mitch Wilson 
 
LCRU Project Coordinator 
The Lifestyle and Cardiometabolic Research Unit project coordinator, Melinda 
Vanzanten will assist and provide expertise when needed regarding the administrative 
tasks that pertain to management of the participants. 
 
Data Manager 
The data will primarily be managed by Andrea Brennan. The LCRU data manager, 
Paula Stotz, will assist in managing data if problems or concerns arise. 
 
Research Assistants/Volunteers 
The study tasks will primarily be completed by Andrea Brennan; however, the LCRU 
has several research staff that may assist in data collection, safely storing and securing 
participant data, and scheduling and escorting participants to their appointments. All 
research assistants and volunteers undergo rigorous training and must be deemed 
proficient in any skill to be performed by the co-investigators prior to any involvement in 
the study. 
 
Medical Team 
 
The medical team includes nurses and medical technicians as listed below, along with 
their specific title. The Head Research Nurse will be responsible for conducting the 
laboratory measurements in the study (blood draw) and Dr. Pat Stroman will be 
consulted for guidance regarding the use of MRS to measure liver fat. 
 

• Tammy Scott-Zelt – Head Research Nurse 
• Dr. Pat Stroman – Centre for Neuroscience Studies 
• Don O’Brien – MRI Technician 

1.3. In Case of Sickness or Emergency 

In case of sickness, the following action should be taken: 
 
Call your back-up person to see if they can cover your appointments for you. The 
numbers can be found on the LCRU contact list. 

1) If your back-up is not available, then call Andrea Brennan (613-329-3766) and 
leave a message with the type of appointment(s), participant ID(s) and time of 
appointment(s) that you will be missing or that needs to be rescheduled. 

2) Andrea Brennan will be responsible for contacting the participant(s) and notifying 
them of the cancellation and rescheduling the appointment.  
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1.4. Recruitment 

Figure 1: Recruitment Flow Chart 
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Adver0sing	  through	  mass	  media	  (Kijiji,	  Facebook,	  Kingston	  
Whig,	  KGH	  Spectra,	  etc.)	  

Interested	  par0cipants	  contact	  co-‐inves0gator	  (Andrea	  
Brennan)	  at	  liver@queensu.ca	  or	  613-‐533-‐6000	  ext.	  78613	  

AB/Graduate	  student	  performs	  telephone/email	  screen	  for	  
eligibility	  

Par0cipant	  passes	  telephone/email	  screen	  (eligible)	  

Par0cipant	  invited	  to	  aUend	  recruitment	  mee0ng.	  
Mee0ng	  scheduled	  via	  Google	  calendar.	  

Par0cipant	  aUends	  recruitment/orienta0on	  mee0ng.	  
WC	  measured	  to	  ensure	  eligibility.	  PAR-‐Q+	  

completed.	  

Par0cipant	  is	  eligible	  and	  confirms	  interest	  in	  
par0cipa0ng	  in	  the	  study.	  Par0cipant	  signs	  

Informed	  Consent.	  

Par0cipant	  assigned	  ID	  and	  study	  appointments	  
are	  scheduled.	  

Par0cipant	  is	  not	  interested	  in	  the	  study/not	  eligible.	  

Par0cipant	  does	  not	  pass	  telephone/email	  screen	  (not	  
eligible)	  
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In this study, we will employ various recruitment strategies as outlined below. All 
participants will be free-living and self-referred. 
 

1. Newspaper advertisements in the local newspapers (Kingston Whig Standard, 
Kingston This Week, KGH Spectrum, Queen’s Gazette).  

2. Posters – Letter-size, printed in colour on good-quality paper, and posted in 
strategically-located places throughout the community, including: medical 
facilities, malls, bookstores, libraries, churches. 

3. Word of mouth 
4. Facebook and Kijiji 
5. School of Kinesiology and Health Studies website 

 
Personnel 

• Co-investigator (Andrea Brennan) – Responsible for study advertising; handling 
telephone calls from interested participants; schedules screening and orientation 
meeting; schedules appointments 

• Project Manager – Consulted for advertising expertise 
• Graduate students – assists with fielding telephone calls from interested 

participants and data collection at orientation meetings 
 

1.5. Telephone/E-mail Screening of Participants 

Telephone and e-mail screening is employed so that ineligible people are not invited to 
the orientation meeting only to be disappointed to find that they are ineligible to 
participate. Screening is completed either by phone or email. Potential participants may 
send messages to the address liver@queensu.ca.  
 
Personnel 
Andrea Brennan, in addition to the graduate students, will receive telephone calls and 
emails and will screen potential participants with telephone script. They will enter data 
on the Telephone Screen Form. 
 
Telephone and Email Screening Procedures 
Not everyone fits the criteria we are looking for in our study. In advertising, however, we 
are cautious not to screen out too many candidates initially, so that we will not lose 
eligible participants who may not think they fit our criteria. Our advertisements 
encourage interested people to contact the co-investigator either by phone or email, 
who screens the individuals by asking them specific questions. Major explanation of the 
project details does not occur over the phone, but is rather deferred to the recruitment 
meeting, where Andrea Brennan will be more thorough and present the ideas and 
reasons for the study more fully. Please use the Telephone Screening Script or Generic 
Initial Response email when in contact with potential participants. Ensure all eligibility 
questions are answered and a Screening Form is filled out before inviting an individual 
to a Recruitment Meeting.  
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For the Liver Fat study, the criteria are the following: 
 
Inclusion Criteria: 

• Men and women between 40-70 years of age. This age range was chosen as 
most cases of non-alcoholic fatty liver disease (NAFLD) occur in middle-aged 
adults. Additionally, this age range represents greater than 28.7% of the 
Canadian population20, which strengthens the generalizability of our findings.  

• Abdominally obese (waist circumference > 102 cm in men, >88 cm in women) 
• Sedentary lifestyle (defined as participating in less than 1 structured exercise 

session per week)  
• Capable of performing a cardiorespiratory fitness (CRF) graded exercise 

treadmill test. The PAR-Q+ (Appendix 5) will be used to screen participants for 
exercise capability. 

 
Exclusion Criteria: 

• Alcohol use > 20 g/day (approximately 1 standard drink in Canada) 
• History of total parenteral nutrition in the last 3 months 
• History of short bowel syndrome, bariatric surgery, and hepatic disease 
• Medical conditions that prevent measurement of study variables 
• Significant change (> 1 kg) in body weight over the last 6 months.  
• Use of lipid-lowering medications. 

 
Management of Telephone Screening Data 
The potential participants will be categorized into one of the following groups: (1) 
interested and attending a recruitment meeting, (2) not interested, and [93] ineligible.  
The reason for a potential participant’s ineligibility will be recorded (e.g. type 2 diabetes, 
too active, normal weight, etc.). 
 
Telephone screen forms will be entered into the Liver Fat participants Access database 
as follows: 
 
1. On the Gradstudent network, open the Liver Fat folder 
 
2. The database is found in the “Participants” folder 
 
3.  In this folder will be a form entitled “Telephone Screening Form” which looks exactly 
like the telephone screen hard-copy. Enter the information as required.  For those 
individuals who are either ineligible or uninterested in participating, only a few fields 
need to be filled out: how they heard, name, age, sex, interview eligibility, and ineligible 
details.  
 

1.6. Recruitment Meetings 

When candidates successfully pass the eligibility criteria assessed by telephone or 
email (i.e., they self-reported being sedentary with elevated WC and BMI < 40), the 
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recruitment meeting will be scheduled. It is important to book a room in advance for the 
meeting and schedule an appropriate number of potential participants to attend. 
Meetings can be booked with Josie at the Queen’s phone extension x78584 or 
birchalj@queensu.ca. A room should be booked at least a week in advance.   
 
Personnel 

• Andrea Brennan 
• Graduate Students 

 
Recruitment Meeting Procedures 
The recruitment meetings fully educate each candidate as to the procedures performed, 
the time commitment required, and the potential risks and benefits for involvement in 
the study. Care is made to be careful to hold no detail back and to present the 
information as concisely as possible.  
 
The Graduate Students and/or Research Assistants will meet the candidates at the 
entrance of the School of Kinesiology and Health Studies and escort them to the 
meeting location. 
 
The documents given to the participants upon arrival to the meeting are listed below 
 

1. Consent to Volunteer for Participation in a Research Study Informed Consent  
2. Consent to participate in MRS scan and MRS Screening Form  
3. PAR-Q+  

 
In the final minutes of the session, the recruitment meeting presenter will explain each 
of the above documents and what the potential participant should do with them. The 
informed consent is to be taken home and read carefully with a spouse or friend before 
it is signed and returned to Andrea Brennan. The candidate also completes their PAR-
Q+. 
 
Lastly, participants will have their waist circumference measured to ensure that they 
meet the inclusion criteria for abdominal obesity. 
 
After the presentation is complete, there will be a question and answer session so that 
the candidates can raise any questions or concerns they may have. Once the meeting 
is over, the participants have three options: 
 

1. Let Andrea Brennan know that they are interested in participating. 
2. Let Andrea Brennan know that they are going to think about it.  Andrea Brennan 

will note the names of these candidates for follow up. 
3. Let Andrea Brennan know that they are not interested in participating. 

 
Measurement of WC at Recruitment Meeting 
Andrea Brennan and/or the graduate students will perform a waist circumference 
measure in a private room in the Cardiometabolic and Lifestyle Research Unit, 
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immediately after the recruitment meeting to confirm eligibility.  This measurement will 
be done over the top of clothes with the tape positioned horizontally at the iliac crest. 
Those candidates who appear “close” to the abdominal obesity cut-points will be asked 
if they could submit another measurement wearing loose-fitting Queen’s athletic shirt 
and shorts (provided in the laboratory).  
 
PARQ-+ at Recruitment Meeting 
Participants will fill out the PAR-Q+ at the recruitment meeting to determine whether or 
not they can participate in the study. If participants pass the questionnaire, they remain 
eligible; however, if they are required to seek medical clearance before beginning the 
study, they will be asked to withdraw.  
 
Management of Data Collected at Recruitment Meeting 
Once the interested candidates are assigned an ID number, Andrea Brennan enters 
their name and contact information into the Excel spreadsheet that is used for 
scheduling purposes. The hardcopies of the Telephone Screening Form for these 
candidates are kept in a folder labelled according to which recruitment meeting they 
attended.  This folder is kept in the Project Manager’s office. The hardcopies of the 
Telephone Screening Form for candidates who are not interested are also kept in a 
folder in the Project Manager’s office. 
 
Management of Pre-Participation Screening Data 
Once participant has left the recruitment meeting, ensure that the consent form and 
PAR-Q+ have been signed. All pre-participation screening data (either from a telephone 
call or email response) should already be entered in the “Participants” folder. For 
eligible participants who are committed to completing the study, re-save their telephone 
or email script by replacing the date with their recently assigned ID number. 

1.7. Assessments and Scheduling 

There is one primary outcome in the Liver Fat study: intrahepatic fat. All other tests are 
secondary outcomes. 

1.7.1. Scheduling 

The scheduling of assessments for all participants is done primarily by Andrea Brennan 
and the graduate students. 
  
The following table outlines the type of assessment, the time point, and the associated 
rules for each appointment. 
 
All appointments are entered on the Google calendar which is shared by all staff and 
graduate students. It is the staff’s responsibility to check the calendar at all times in 
case of cancellation or new appointments. 
 
It is extremely important that anyone entering in appointments check and double check 
that the times are correct and everything has been entered. 
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ASSESSMENT TIME 

POINT 
LENGT
H OF 
APPT  

RULES FOR BOOKING 

Laboratory 
Measures – 
fasting blood 
(SBP, DBP, 
TC, TG, LDL, 
HDL, 
adiponectin, 
CRP, ALT, 
AST, insulin, 
glucose, height, 
weight)  

Day 10 30 
minutes 
 
-Starting 
at 7:00 
am  
-Book 
45 
minutes 
apart   

-Booked with Andrea Brennan in 
accordance with Head Research Nurse 
-Fasted  
-Height, Weight, and Blood Pressure  
completed before blood draw  
-Provide information sheet to the 
participants on fasting, parking, and 
how to get in the building (Appendix 
Appendix 22) 
-Bring medications for documentation 
-Bring something to eat for after the 
appt 

Anthropometric 
Measures 

Day 1 15 Min 
 

-Booked with Andrea Brennan 
-Done with the Diet Record Education 
session 

V02 fitness test Day 9 45 Min 
 
-starting 
at 
8:00am  
-ending 
at 
6:00pm 

-Booked with Andrea Brennan at HDH 
-Provide map to the V02 room entrance 
-Bring shoes and water 
-Can book two appt back to back, but 
then allow an hour before the next V02 
for calibration of the VMax  
-PAR-Q+ must be completed by 
participant before VO2  

MRS Day 8 30 Min 
 
 

-Scheduling completed primarily by 
Andrea Brennan 
-Book in 30 min time slots for the MRS 
machine 
-Provide information sheet  
-Check with MRS booking for 
scheduling 
 

Diet Record 
Education 
Session 

Day 1 40 min -Booked in accordance with the 
anthropometric measures 
-Participants are given accelerometers 
and diet records at this appointment 

 
PLEASE NOTE: Once a week, Andrea Brennan will go through all active participants 
and create a list of all upcoming appointments. This will include ID, which appointments 
have been booked/need to be booked. 
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1.7.2. Anthropometry 

Anthropometric measurements will be collected after the Diet Record Education session 
on Day 1.  
 
Anthropometric measurements should be recorded on the Anthropometric Data 
Collection Form located in the Liver Fat filing cabinet.  An electronic copy can be found 
in Gradstudent à Liver Fat Study à Data Collection Forms.  
 
Personnel 

• Andrea Brennan 
• Trained graduate students 

 
 
Training Programme: 
Prior to gathering anthropometric data on Liver Fat study participants, each Research 
Assistant must demonstrate under the supervision of the Principal Investigator a 
tolerable intra-measure (multiple measures on same site by same assessor) and inter-
measurer (comparison between assessors). 
 
The intra- and inter-measure range of errors for each measure is provided in brackets in 
the following list of measures to be obtained. 
 
List of Measured Variables (intra- and inter-measure error) 
Weight and Height 

Weight (0.2 kg; 0.2kg) 
Standing Height (0.2 cm; 0.2 cm) 

 
Circumferences 

Waist (iliac crest, mid-point, last rib) (1.0 cm; 1.0 cm) 
 
Measurement Devices  

• Anthropometric tape (Gullick II) - contains a tension indicator device  
• Detecto Weight Scale 
• Stadiometer 

 
Measurement Procedures: 
 
WEIGHT AND HEIGHT 
Weight (kg): measured on the Detecto scale with shoes removed, wearing the ‘Greys’ 
clothing provided 
. 
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Standing Height [22]: measured with shoes removed, standing with heels close to the 
wall, feet together, eyes looking straight ahead, back, and buttocks touching the 
back rest of the stadiometer. The head may or may not touch the back rest, 
depending on the size of the participant.  I.E. Some participants may have to lean 
back in order to have the head touch; this would result in an inaccurate height 
measurement. Instruct participant to stand tall and take a normal breath in, 
record measurement given on dial. 

 
CIRCUMFERENCE MEASUREMENTS 
For all circumferences, position the tape directly around the body part so that the inferior 

edge of the tape is at the level of the landmarked point. Ensure there is no 
clothing under tape. 

. 
 

a) GENERAL WAIST PROCEDURE 
NOTE: It is mandatory that all assessors first view the WC measurement video prior 

to collecting any WC data. 
 

1. Clear the client’s abdomen of all clothing and accessories.  If you find 
resistance to the suggestion to fully remove shirt, roll up the shirt to allow free 
access to measurement sites and hold in place with a clip (i.e. hair clip). 

 

2. Position the client with feet shoulder width apart and arms crossed over the 
chest in a relaxed manner.   

 
3. Take a position to the right side of the client’s body on one knee.   
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4. Position the tape directly around the abdomen so that the inferior edge of the 
tape is at the level of the landmarked point. Use a cross-handed technique to 
bring the zero line of the tape in line with the measuring aspect of the tape. 
Ensure that the measuring tape is positioned in a horizontal plane around the 
abdomen. Apply tension to the tape to ensure it is snug, without causing 
indentation to the skin.  Walk around the participant to ensure the tape is 
straight all around the abdomen. Alternatively, if a mirror is available – use 
this to ensure proper tape alignment. 

 
 
5. At the end of a normal expiration, take the measurement. 

WAIST – ILIAC CREST - top of the iliac crest. To find this landmark, palpate the 
upper right hipbone and draw a line where you locate the uppermost lateral 
border of the iliac crest.   

 
Management of Anthropometric Data 
 
1. After completing the anthropometric measurements including weight, height, and 

waist circumference, all measurements are to be recorded on the ‘”Anthros” 
database’  located in the Liver Fat folder 

a. To enter a new Anthropometric measurement record, open the 
Anthropometry file. Click the small arrow with the star beside it. This creates a 
new record sheet.  Record the new anthropometric data. 
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b. Once the data has been entered and double-checked for accuracy, the file 
will save automatically. 

c. Place the Anthropometric Data Collection Form in the ‘Entered-To Be 
Checked’ file holder located on Andrea Brennan’s desk so that another lab 
member can verify the accuracy of the data entered.   

 
2. When verifying the accuracy of an Anthropometric Data entry, open the ‘Anthros & 

Blood Labs’ folder as described above.   
a. Pull an Anthropometric Data Collection Form from the ‘Entered-To Be 

Checked’ file holder and search for the ID number in the Anthropometry 
database.  To do this, simply click Edit → Find → A*** (make sure that the 
search field is “ID”).  

b. Verify that all data entered in the database is correct and corresponds with 
the data on the Collection Form.   

c. After checking the database for accuracy, place a check mark on the top, 
right corner of the Collection Form with your initials and date.   

d. Before filing the Collection Form, record that you have checked over the data 
for accuracy.   

 
3. To record that you have checked over the data for accuracy, open the file ’Review 

Table’ from the ’Collected Data folder’ as described above.   
a. Having opened the Review Table, scroll down the table to find the appropriate 

ID number listed in the far left column.   
b. After finding the appropriate ID number place the date of data review in the 

Anthropometric Review column under the appropriate visit number.  For 
example, if verifying the accuracy of the baseline anthropometric data for 
participant A01 on January 1, 2014, look for A01 in the far left column and 
under V00 (baseline visit) put the date of data review (today’s date) under the 
Anthropometric Review column.  Also, record the number of mistakes found 
on the spreadsheet in the appropriate column of the Review Table. 

 
4. Once you have recorded that the anthropometric data has been checked for 

accuracy file the Anthropometric Data Collection Form in the filing cabinet (under 
lock and key) in the appropriate hanging folder 

5.  
1.7.3. Cardiorespiratory Fitness Test (VO2max) 

Having an objective measure of aerobic fitness capacity is fundamental to reporting 
results in a study involving physical activity.  Participants in the Liver Fat study will 
perform 1 maximal graded exercise test on a treadmill on Day 1. 
 
Personnel 

• Primary Investigator 
• Graduate students 

 
Training Program: 
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Prior to performing a VO2max test on Liver Fat participants, under the supervision of a 
trained Research Assistant, all assessors will be required to: 

1. Undergo the test themselves 
2. Show competence in performing all steps of the test (set-up, participant 

preparation, calibration, data entry and transfer, etc.) 
 

List of Measured Variables 
Maximal oxygen consumption (L/min) 
Maximal oxygen consumption per kg body weight (L/kg/min) 
 
Measurement Devices 

• Sensor Medics Vmax29 Metabolic Cart 
• Laptop computer 
• Treadmill 
• Calibration gas tanks (with sufficient gas) 
• Polar HR monitor 
• USB stick 

 
Measurement Procedures 
Cardiorespiratory fitness tests will be performed at Hotel Dieu Hospital. The VMax 
system must be turned on 30 minutes in advance of attempting system calibration. 
Calibration will take 30 minutes on average. Thus, the first scheduled test for that day 
should be at least 1 hour after the Research Assistant arrives. We will schedule 45 
minutes per participant. The participants will change into an athletic shirt and shorts, 
and wear a pair of comfortable shoes suitable for brisk walking or jogging (they should 
be reminded to bring all items on the day of the test). We give them a Polar heart rate 
monitor to wear so we can record heart rates every 20 seconds throughout the test. 
Ideally the test should last between 13-17 minutes, beginning with a relatively brisk 
pace at level grade, increasing grade to 2% at the 3rd

 
minute, and then further 

increasing the grade by 2% every 3 minutes thereafter.  If after 3 minutes at the 
maximal incline of 15% the subject has not reached exhaustion, the speed must 
increase (generally by 0.2 mph). Heart rates are observed and recorded on the VO2 
Data Collection Sheet by the assessor, who will hold a receiver watch while standing 
close to the participant. Breath-by-breath analysis of respiratory gases is also recorded 
throughout the test.  
 
Criteria for a successful VO2max test 
There are a number of popular criteria in the literature which are to be used to assess 
whether the participant being tested has actually achieved VO2max. 

• Plateau in VO2 (oxygen uptake) with increasing work rate (increasing treadmill 
incline, speed or both). For our purposes we will define plateau in VO2 as ∆VO2 
<0.05 L/min at VO2peak and the data point 40 seconds above or below, with 
increases in external work  
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o Note: This criteria is often criticized as it has been shown that 
approximately 50% of individuals undergoing VO2max testing never reach 
a true plateau. 

• RQ > 1.10: This suggests non-metabolic production of CO2 and reliance on 
anaerobic metabolism. 

• Heart rate (beats per minute or bpm) exceeding age predicted max HR (220-age) 
minus 12bpm. For example, for a 20 year old, the HR to be exceeded = 188 bpm 
(220-20 -12) 

• Borg scale=10. This gives the perception of effort by the participant during the 
test. 

A successful test should meet at least 3 of the above criteria; however, tests 
will be accepted if this is not achieved. 
 
Familiarization 
Measuring changes in aerobic capacity requires a comparison of maximal performance 
on a graded exercise test. For people who have never been on a treadmill and are 
unaccustomed to pushing themselves physically, obtaining meaningful results can 
prove difficult. The warm-up for these individuals should be long enough for them to feel 
comfortable. The more they comprehend the test and what is required of them, the 
better the participants will respond when encouraged to exercise “to fatigue” during the 
test. 
 
The following is the step-by-step process of operating the Vmax machine and other 
computers used in our laboratory for data collection and analysis of this test: 
 
Startup 
• Turn the power on to the Vmax console and laptop. 
• Allow 30 minutes of warming time before calibration and testing. 
• Locate the Vmax program icon on the desktop and double-click it.  
 
Participant Demographic Information 
Be aware that any new calibration data or test data will be added to the current 
participant file. You don’t want that unless your participant is doing back-to-back 
exercise tests – not likely. So, you have two choices: 

1. Make a New Participant File 
a. Select “2 New Study” on the Vmax Main Menu 
b. Enter the participant’s information 

i. Study ID (ex. S001, S056, etc.) This ID is also entered in the « last 
name » 

ii. Date – computer will automatically generate today’s date 
iii. DOB – enter/select birth date; Age is calculated automatically 
iv. Gender – drop-down list 
v. Race – choose from list 
vi. Height – either inches or centimetres 
vii. Weight – enter today’s weight (kg or lbs) 
viii. Physician – select None 
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ix. Tech – select your name 
c. Select “F3” to store the information and return to the Main Menu 

2. Retrieve a Previous Participant 
a. Select “2 New Study” on the Vmax Main Menu 
b. Press “F1” to search for previous participant’s demographic data 
c. The “Last Name” Data Window will automatically be selected when the 

Participant File Search Box is initially displayed 
d. Type the participant’s last name (not case sensitive) 
e. Select “F1” to begin the search 
f. Select the desired participant name with the mouse 
g. Select “F2” to run a new VO2 test on the participant  
h. Change any information (likely weight will change in these studies, 

perhaps age) 
i. Select “F3” to store the information and return to the Main Menu 

 
Flow Volume Calibration 
• Select “1 Flow Sensor Calibration” on the Main Vmax Menu. 
• The Mass Flow Sensor Zero Box will be displayed. 
• Attach the calibration syringe to the Mass Flow Sensor with all 3 connecting cables 

attached. 
• Press “F1” to start calibration. 
• Stroke the syringe 2 times to purge the Mass Flow Sensor with room air. 
• Select “Space Continue” 
• Excessive movement of the Mass Flow Sensor or the Sensor Cable during 

calibration can affect  your accuracy and success at calibration: Ensure that airflow 
is minimal around Vmax. 

• A ten-second timer will count down to zero before continuing to the Zero routine. 
• The Mass Flow Sensor will be automatically calibrated to zero gas flow. 
• When the Zero routine is complete, the Flow Volume Calib Screen will be re-

displayed. 
 
Calibration Strokes 
With the syringe piston initially in, move the piston in and out for 15 full strokes. 

• The display will not show the first full stroke 
• A screen with flow ranges will show whether you have averaged a certain stroke 

speed 
• Be sure to turn all ranges from yellow to green with the allotted strokes 
• Strokes should be done smoothly and consistently: don’t bang the syringe! 
• Hint: for slow strokes, twist the syringe head slightly as you go – keeps it from 

sticking 
• Keep each stroke within 3-6 LPS (0.5-1.0 second stroke duration) 

Verification Strokes 
Perform 5 more strokes. 

• At least one of the last 4 should have an average flow rate of < 0.5 LPS 
• At least one of the last 4 should have an average flow rate of > 3.0 LPS 
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• The red dotted lines should help you achieve these requirements. 
If you failed the Verification Criteria (±3% of known piston volume) then start again: 
Press “F1” 
 
Note: Sometimes this can take multiple tries, which is why you should allow at least 30 
minutes for calibration. 
Note: if just attached new flow sensor and calibration was unsuccessful, you can use 
the 10 second ‘Clean’ option (tab at top of screen) to warm up the sensor and improve 
chances of successful calibration. Ensure not to ‘Clean’ a given flow sensor more than 
once – this may overheat and irreversibly damage the sensor! 

• Press “F3” to accept calibration values. 
• Remove the syringe. 
• This calibration is good for 2 subsequent VO2 tests. After the second one, 

change the flow sensor and redo calibration from beginning. 
 
Gas Analyzer Calibration 

• Use the tool to turn the Span 1 and Span 2 valves on completely (2 full turns 
counterclockwise) 

• Connect sample line (braided) to the Calibration Fitting on the front of the 
Pneumatics Module. 

• Select “4 Exercise/Metabolic Test” from the Main Menu 
• Select “Exercise Protocol”, then Press “F1” 
• Select “F1” to initiate the O2 and CO2 analyzer calibration sequence 
• Both analyzers will initially sample 3 gas concentrations and calculate correction 

factors (step 1): 
  16% O2, 5% CO2 (Cal 1 gas) 
  26% O2, 0% CO2 (Cal 2 gas) 
  20.94% O2, 0.05% CO2 (room air) 

• The correction factors are then verified by sampling the same three gas 
concentrations (step 2) 

• The Verification sequence (step 2) is displayed graphically in the O2% vs. Time 
Window and the CO2% vs. Time Window. 

• The values are updated at the end of the verification sequence. 
• If you get a warning, follow directions.  Do not test someone until this calibration 

is successful. 
• Reconnect the sample line to the sample fitting on the Mass Flow Sensor. 
• Press “F3” to accept calibration values and begin test. 
• Test screen will pause until you have the participant hooked up and start the 

VO2max test. 
 
Equipment Check 
You’ll need a clean facemask connected to the Mass Flow Sensor which you attach to 
the head strap and then place on the participant. Inform the participant that they can 
maintain breathing freely through the mask, to reduce any potential anxiety. Have a 
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heart rate monitor ready to give to the participant.  Secure the flow sensor lines to the 
treadmill display panel with a piece of tape. 
 
Participant Preparation 

• Thoroughly explain the entire procedure to the participant, including:  
a. stop mechanisms for treadmill (all stop buttons as well as grabbing onto 

handles with both hands) 
b. participant should not try to talk – use hand signals instead (thumbs 

up/thumbs down) 
c. participant should terminate test if feels pain in chest or dizziness 
d. Explain Perceived Exertion Chart  

• Fit the heart rate monitor snugly around the participant’s ribcage (about at 
braline) 

• Ensure that the receiver (watch) reads a normal heart rate (50-90 bpm) 
• Have the participant familiarize him/herself with the treadmill and warm up for at 

least 5 minutes 
• Treadmill should be at 0% grade and a speed that induces a brisk walk. Use your 

judgement to assess an individual’s gait. 
o Use the speed you determined for the treadmill test speed 

• Stretch the major leg muscles with the participant in preparation for the test 
• Fit the headgear snugly and adjust the wires so that the mouthpiece is supported 
• Tape the tubes (with some slack toward the participant) to the display panel on 

the treadmill 
 
Maximal Graded Exercise Test 

• Simultaneously select “F8” and the Start button on the treadmill.  
• Immediately adjust the treadmill to the desired speed. 
• Manually record HR every 20 seconds throughout the test  
• Provide encouragement to the participant, reassurance, and step-by-step 

explanations 
• The ramp protocol is included as an appendix  
• Instruct the participant to press the stop button or grab hold of railings with both 

hands as a signal to stop the test. 
• Be watching for signs of fatigue and be ready to offer a steadying hand at the 

participant’s back 
• Do the following upon completion of the test: 

o Select “Exit/Pause” on the Top Menu 
o Select “Y to End Test” 
o Data collection will terminate, and the Exercise/Indirect Calorimetry End of 

Test Comments Box will be displayed. 
o Hit F3 three consecutive times. 

Disconnect participant from breathing circuit and keep them walking on the treadmill for 
5 minutes to cool down. DO NOT allow the participant to sit down directly after the 
test.  
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Cleaning Equipment 
• Detach headpiece from breathing circuit. 
• Fill measuring cup with Percept solution 
• Detach the Mass Flow Sensor and gently place it into the solution 
• BEWARE that leaving the Mass Flow Sensor in a cleaning solution for too long 

may damage it! Not leaving it in long enough may be damaging in the long run 
too. Let it soak for 5 minutes, then VERY GENTLY rinse.  Rinse and air dry. 

• Wash, rinse, and dry the heart rate monitor, head piece, mask, and adapter..  
Head piece and Heart Rate strap may be hung to dry further, while all other 
pieces should be laid  out on the towel for the next test. 

 
Formatting File and Saving for Data Entry (immediately after testing) 

• From Main Menu, select “4 Exercise/Metabolic Test” 
• Select “1 Tabular Edit” 
• You’ll need to generate a one-page summary; change the Average section from 

None to 20 Sec. 
• Select “F5” to print the file (you really don’t print with this selection) 
• A Print To File Window appears, with an empty space for the file extension 
• Change the file destination to: C:\Gradstudent\LiverFatStudy\participantID.txt – 

Example, for A01’s test you would save it as 
C:/Gradstudent/LiverFatStudy\A01.txt. 

• Press OK. 
• This file has now been saved in the SERENA folder on the C:\ drive. 
• Insert the VO2max USB to the laptop. 
• Copy and paste the appropriate .txt file from the laptop’s C drive onto the USB  
• Eject USB stick 
• Exit the Vmax program and shut the computer down 

 
Finding File, Formatting and Saving for Data Entry (when other tests have since 
occurred) 

• From Main Menu, select “A Find a Participant” 
• Type the participant ID into the last name field 
• Select “F1” 
• Tests completed on that participant will appear.  Click on the appropriate test. 
• Select “F3” to retrieve participant data.  The Main Menu will appear. 
• Follow the directions above in Formatting File and Saving for Data Entry 

 
Management of VO2 Data 
1. In the V02 room: 

a. After completing the V02 test and the participant has safely cooled down, follow 
instructions as stated under – Formatting File and Saving for Data Entry..  

b. The USB stick is then inserted into the main computer. 
c.    On the excel toolbar click “Data”. Scroll down to “Import external data” and click 
“Import data” (sometimes labelled as “import text file” on older versions of excel)  
Retrieve participant file. 
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d. Change option from “Fixed width” to “Delimited”; press Next. 
e. Choose “Tab” and “Space” delimited; press Finish. Open txt file in new 

worksheet. 
 
f. Drag and right click the entire data set from 00:00:20 to the last interval of testing  

      (Check to see that the last few intervals are really valid data points) 
g. Copy the highlighted area 
h. Click on cell “A8” and Paste. 
i. Enter HR values you recorded from the VO2max data sheet.  Double-check for 

errors. 
j. Click on each of the yellow boxes and change all “_99” values to the number of 

the last row of data for this test.  Example “_69” 
k. Formulas will generate valid numbers to be used for updating the lab’s stand-

alone computer. 
l. Enter all other fields apporiately 
m. Once data is entered and the V02 template is filled out and checked for accuracy, 

“save as” ID (ex. A03) under ‘Gradstudent on hdhhome’ folder → Liver Fat Study 
folder→ Data folder→ V02 DATA folder→ V02’s NEED TO BE EMAILED folder. 

n. The assessor that entered & saved the data signs the bottom of the heart rate 
tracking sheet, writes ‘Data Entered’, and highlights it. 

o. Then the RA places the signed sheet into the ‘Entered – To Be Checked’ file 
folder located on the Andrea Brennan’s desk so that another lab member can 
verify the accuracy of the data entered.   

 
3. Checking Data 

a. To double check another assessor’s data entry, take the V02 heart rate tracking 
sheet out of the ‘Entered – To Be Checked’ folder. 

b. Open the V02’s NEED TO BE EMAILED folder and pull up the corresponding file 
(ie. A01) 

c. Double check all heart rates and formulas. 
d. If there are any errors, change and document. 
e. Once check is complete, place a check mark on the top, right corner of the V02 

heart rate tracking sheet with your initials and date.   
f. To confirm that the data entry has been double checked, open the Review Table: 

‘Gradstudent on hdhhome’ folder → ‘Liver Fat’ folder→ Liver Fat Review Table. 
Under the desired ID number and V02 visit, enter the date that the sheet was 
checked and if any mistakes were made.  

g. Leave the sheet in the ‘Entered – To be checked’ folder (just in case it needs to 
be reviewed before it is emailed to the lab. 

 
4. Data to Queens 

a. After the V02 data has been doubled checked by two assessor’s and saved in the 
V02’s NEED TO BE EMAILED folder, the assessor in charge of emailing them 
over to the Lab will do one last review cross referencing the V02 heart rate 
tracking sheet with the V02 file.  
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b. The assessor emails the completed V02 files over to Andrea Brennan 
(12ab87@queensu.ca) at Queens. 

c. The assessor transfers the emailed V02 files from the ‘V02’s NEED TO BE 
EMAILED’ folder to the ‘Liver Fat Study V02 EMAILED TO LAB’ folder. 

d. Then the assessor writes and highlights ‘Sent to lab’ on the bottom of the sheet. 
Lastly, the assessor files the V02 sheet in the locked cabinet at the HDH in the VO2 
folder or in the corresponding participant folder if the participant has been randomized. 

1.7.4. CORE Lab Procedures 

1. Once the fasted blood draw procedure has been complete the bloods will have been 
sent to the CORE Lab at KGH for processing.   
 
2. Allow one day for CORE to process the bloods. 
 
3. It is the responsibility of Andrea Brennan and other graduate students to pick up the 
hard copy blood results from the CORE lab. If Andrea Brennan cannot pick up the 
results, it is their responsibility to assign this task to another graduate student.  
 
4. The blood results are entered into the Blood Work data collection form (Appendix 12) 
and into the coinciding Blood Work database by Andrea Brennan. 
 
5. If there are results missing Andrea Brennan will contact the CORE Lab and provide 
an e-mail listing the missing results.  The contact person at KGH CORE Lab is Cathy 
Skinner and can be reached at Email: skinnerc@kgh.kari.net  Phone:  613-549-6666 
x7806 (main phone).  Cathy will have the results re-run and they will be included in the 
next day’s pick up. 
 
Important Information for Taking Blood 

1. Look for the median cubital and median veins (easier for insertion and protected 
from nerves) 

2. Make sure you are comfortable with the site you have chosen to take the blood. If 
in doubt, use a heating pad for approximately 10 minutes to help bring the veins 
to the surface. 

3. Use an alcohol swabs to cleanse the site of insertion 
4. Wear gloves when handling blood products for your protection 
5. When taking the blood draw in this order:  yellow, red, mauve and grey. You do 

not want to contaminant the tubes with the preservative with the non-preservative 
tubes. 

6. ENSURE THAT THE PARTICIPANTS HAND IS OPEN when taking the blood. 
Opening the hand reduces the amount of venous pressure as muscles relax. DO 
NOT allow pumping of hand while taking the blood. 

7. Release the tourniquet as soon as possible after the blood begins to flow. 
8. Fill the blood tubes until there is no more blood running into the tubes 
9. Place a clean gauze over the site and hold for 30 SECONDS 
10. Put a bandage over the site 
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11. When you have completed taking the blood gently invert the tubes 5-10 times to 
enhance the clotting or anticoagulation 

12. Label the blood with the subjects code AND record the time of collection on the 
requisition form 

13. If you miss the vein, apologize and ask if you can try again. DO NOT POKE A 
PARTICIPANT MORE THAN 3 TIMES. Ask the Project Coordinator to re-book 
participant with another nurse.  

14.  When possible the blood tubes should be kept in a vertical position in a blood 
tray. This position promotes complete clot formation and reduces agitation of the 
tube contents, which in turn reduces the potential for hemolysis. 

15. The yellow and red top tubes should remain at room temperature for 30-60 
minutes to allow for clotting.  

16. The grey and mauve top tubes should be put in the centrifuge at 20°C and spun 
for 10 minutes at 4250 rpms. ASAP 

17. The grey and mauve top tubes should be spun and separated within 2 hours. 
(The sooner the better). The grey top tube will be sent to the lab and the mauve 
top blood will be stored for future studies. 

18. Using a pipette separate the plasma from the grey top tub and store in a transfer 
tube ASAP. 

19. Code the tubes and fill out the requisition double-checking the code is correct. 
Eg. S-001V00TA. These labels are done on the computer. 

20. Once the yellow and red top tube has clotted, prepare to spin. 
21. Separate the red top tubes into 5 aliquots to be stored in the freezer labeled 

serum. 1 Aliquot labeled serum at each time frame(0,30, 60, 90, 120) will be 
stored in a special box labeled INSULIN. This blood will be batched and tested at 
a future date. The yellow top tube will be sent to the lab with a label and 
requisition. Do NOT separate the yellow tube. The grey top tube is separated and 
put into a special tube with label and sent to the lab to be tested for glucose at o, 
30, 60, 90 & 120. The 120 sample is divided into 1 aliquot and the special tube 
that is sent to the lab. The 120 grey top top is divided in case the 120 sample is 
lost at the core lab. The aliquot 120 is stored with a pink top and stored with the 
baseline blood. 

22. All blood being sent to the lab must be transported in a Biohazard bag. The tube 
should reach the final lab within 2 hours sitting at room temperature. CALL J & J 
Express 613-389-8816 giving the code SKHS (School of Kinesiology and Heath 
Science) 

 
 
 
 

Fasting Blood Draw Procedures 
 
Blood Samples 
Included in the list of secondary outcomes in the SERENA Study are total cholesterol, 
LDL-cholesterol, HDL-cholesterol, and triglycerides (these blood lipids are components 
of the metabolic syndrome). We will also measure selected inflammatory markers and 
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adipokines, since these measures are regarded as increasingly important markers of 
CVD risk. 
 
Blood lipids will be measured via a fasting blood draw on Day 9.  
 
List of Measured Variables (to be confirmed) 

• Serum total cholesterol 
• HDL-cholesterol, LDL-cholesterol 
• Triaglycerides 
• Fasting Insulin 
• Fasting glucose 
• C-reactive protein  
• Adiponectin - not at CORE Lab 

 
 
Measurement Procedures 
1. Document the medications the participant is taking on the medication record sheet 
(Appendix 13) in the folder. Use the CPS if necessary to document the trade and 
generic names for all medications. The medications are entered on the computer under 
Liver Fat medications. Use the Caps Lock when entering the data. 
 
2. Ask the participant when the last time they had something to eat or drink. Explain to 
the participant what you will be doing for taking blood. We will need to confirm which 
size tubes and which colour tops for the above tests. 
 
3. Make sure you are comfortable with the site you have chosen to take the blood. If in 
doubt use a heating pad for 10 minutes to help bring veins to the surface. 
 
4. If you miss the vein, apologize and ask if you can try again. DO NOT POKE A 
PARTICIPANT MORE THAN 3 TIMES. Ask the Project Coordinator to re-book 
participant with another nurse. When you have completed taking the blood gently invert 
the tubes 5-10 times to enhance the clotting or anticoagulation.  
 
5. Label the blood tubes with the correct code number (depends on top colour) 
6. The mauve and red tops need to be spun using the centrifuge. Follow the procedure 
for spinning and handling the blood. 
 
7. In the Liver Fat Study, we require 4 x 2mL aliquots for the heparinzied sample, and 3 
x 1mL serum. The serum aliquots need to be labeled serum.  
 
8. Use the yellow caps for the DR plasma aliquots and white caps for the serum. 
 
9. Store immediately in the -80°C freezer. 
 
Storage and Handling of Blood Samples 
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Preparing the Blood for the Lab and Centrifuge: 
1. When possible all blood tubes should be kept in a vertical position in a blood 

tray. This position promotes complete clot formation and reduces agitation of 
the tube contents, which in turn reduces the potential for hemolysis. 

2. The yellow and red top tubes should remain at room temperature for 30-60 
minutes to allow for clotting. The lavender or mauve top tubes should be put in 
the centrifuge at 16°C immediately. 

3. Once the yellow top has clotted, prepare to send to the lab by making sure the 
tube has been labeled and there is a requisition. The tube must be transported 
in a Biohazard bag. The tube should reach the final lab within 2 hours sitting at 
room temperature. CALL THE J & J EXPRESS 

4. The lavender or mauve top tubes should be spun and separated within 2 
hours. (The sooner the better). The tubes should be stored in a –80°C freezer 
labeled with the code and study. 

 
Operating the Centrifuge: 

1. The centrifuge should be installed on a rigid, even 
surface. 

2. When the centrifuge is not in use turn the power off 
and keep the lid open. 

3. Power button is on the right side of the machine. 
4. To open the centrifuge, press the key button to 

open.   
5. The machine must be turned on to open the lid.  

 
 
 
 
 
 
 
 
 
 
 
 

 
6.  Keep the centrifuge temperature at 20°C.  
7. The rpm should be at 4000 - 4250. 
8. The blood should be spun for 10 minutes. 
9. When putting the tubes in the centrifuge the tubes must be balanced for 

size and volume. If the volume is not equal you must fill an empty tube of 
the same size with water to match the volume. BALANCE IS A MUST. 

10. Close the lid and hit the start button 
11. When the centrifuge is done a green light will come on 

 

“Open	  Lid”	  button	  

“Start”	  button	  
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Separating the Blood: 
1. Remove the tubes from the centrifuge VERY carefully to a test tube rack 
2. Fill out the required aliquots with the proper study and code number 
3. Very carefully separate the serum from the whole blood making sure no blood 

cells enter the pipette. Distribute the serum evenly amongst the aliquots. 
4. If some red blood cells enter the pipette the tubes must be spun again. 
5. Put the proper coloured caps on the aliquots that match the study. Red for 

Serena 
6. Dispose the blood tubes in the proper biohazard bucket or container. 
7. Store aliquots immediately in the -80°C. 

 
 
Laboratory Analysis 

At the laboratory, fasting serum glucose was analyzed using the Beckman 
Coulter UniCel® DxC 600/800 SYNCHRON® Clinical System (Mississauga, ON) by an 
oxygen rate method employing a Beckman Coulter Oxygen electrode. The % CV for this 
method is 2%. Serum insulin was measured by immunoenzymatic assay using the 
Beckman Coulter UniCel Dxl 800 Access® Immunoassay System. The 
chemiluminescent substrate Lumi-Phos 530 was added to the reaction vessel and light 
generated by the reaction was measured with a luminometer. The light production is 
directly proportional to the concentration of insulin in the sample. The % CV reported for 
this method is 3%. High-sensitivity C-reactive protein was measured using the Beckman 
Coulter UniCel® DxC 600/800 SYNCHRON® Clinical System CRPH reagent based on 
the highly sensitive Near Infrared Particle Immunoassay rate methodology. The system 
monitors change in absorbance, which is proportional to the concentration of CRP in the 
sample. The % CV for this method is 5%. Aspartate aminotransferase [12] was 
measured using the AST reagents by an enzymatic rate method and alanine 
aminotransferase (ALT) was measured using the ALT reagent by a kinetic rate method. 
For both AST and ALT, the Beckman Coulter UniCel® DxC 600/800 SYNCHRON® 
Clinical System monitors the rate of change in absorbance, which is directly proportional 
to the activity of AST in the sample. The % CV for both methods is 3.5% 
 HOMA-IR was used as the measure for insulin resistance and was calculated as 
fasting insulin (mU/l) x fasting glucose (mmol/L) / 22.5, as described by Matthews et al. 
(Matthews et al.) 
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1.7.5. Blood Pressure 

Blood pressure is a component of the metabolic syndrome, and as such, is an important 
secondary outcome in the Liver Fat Study. We use an automated device to measure 
participants’ blood pressure. 
 
Peronnel 
Andrea Brennan – responsible for measuring the participant’s blood pressure before the 
fasted blood draw appointment. 
Research Nurse – if Andrea Brennan is unable, research nurse will measure blood 
pressure. 
 
List of Measured Variables 
Systolic Blood Pressure (mmHg) 
Diastolic Blood Pressure (mmHg) 
 
Measurement Device 
BP Tru Blood Pressure Monitor (BPTru Medical Devices, Coquitlam, BC) 
 
Measurement Procedures 

1) Seat participant in a comfortable chair. 
2) Place blood pressure cuff on upper arm so that the brachial artery lines up 

accordingly with the lower edge of the cuff proximal to the antecubital area of the 
arm. 

3) Check to make sure that the cuff is that right size.  If it falls outside the range 
indicated on the cuff, use a smaller or larger cuff as needed. 

4) Test fit by placing two fingers between the cuff and the person’s arm.  If unable to 
place fingers inside, fit is too tight.  If you can fit more than two fingers inside, fit 
is too loose.  Adjust accordingly before proceeding 

5) Explain to the participant that the BP tru will take 6 readings, at 2 minute spacing, 
and will take an average of the last 5.   

6) Explain that the cuff does inflate quite tightly and to not be alarmed.  You will stay 
with them for the first reading to make sure that everything works properly.  Note: 
the cuff will usually inflate to about 182 mmHg systolic and then gradually inflate 
less and less as it adjusts throughout the readings.  In persons with very high BP, 
the cuff may inflate to 220mmHg.  However, if cuff seems to inflate abnormally 
high, immediately stop the test and restart. 

7) Make sure BP tru is turned on and press start.  Remind participants to keep legs 
uncrossed. 

8) Once first reading has finished leave the room and allow participant to relax in 
order to reduce the “white coat syndrome” effect. 

9) Once test has finished record the average and then scroll through the previous 
readings by pressing the review button.   

10) Once all values have been recorded on the screening form, press “clear” and 
remove BP cuff. 
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• If the average reading is high according to the Canadian Heat and Stroke (above 
140 systolic and above 85 diastolic) fill out a form found under Pro-Active on the 
computer that will be sent to the family doctor. The form is filled out and saved 
and sent to Melinda to add Participants name, birth date and family doctor. 
Melinda will forward the form to the appropriate family doctor.  

 
Management of Fasted Blood/Blood Pressure data 
 
All fasted blood/blood pressure data will be entered in the “Fasted blood/BP” folder 
within the Liver Fat folder in the gradstudent network. Like the anthropometric data, all 
entered data will be reviewed. 
 

1.7.6. Magnetic Resonance Spectroscopy 

Intrahepatic fat is assessed in the Liver Fat study by proton-magnetic resonance 
spectroscopy. 
 
The MRS data will be obtained within the Centre for Neurosceince Studies at Queen’s 
University. It will be performed on Day 8 in the study after an overnight fast. 
 
Measurement Device 
Siemens 3.0 Tesla magnet 
 
Measurement Procedures 
Andrea Brennan will schedule MRS appointments with the MRS technicians at the CNS. 
Participants are scheduled in 30 minute time slots, during which they will be in the 
magnet. They are asked to arrive 15 minutes before their scheduled time slot to change 
and prepare for the scan. 
 
 
Preparing the participant 
Andrea Brennan will prepare a folder of all the MRS participant screening forms for 
participants scheduled for that day along with the schedule. Participants will also be 
given an MRS information sheet outlining what they have to do for that day, including 
coming after an overnight fast and not having performed exercise 3 days beforehand. 
Andrea Brennan or a graduate student will meet the participant at the main entrance of 
CNS and escort them to the magnet. The participant will change into appropriate 
clothing (no metal).  
 
Data Acquisition 
The data acquisition process takes 20-30 minutes. During this time, participants will be 
at rest and lying in the magnet in a supine position. Participants will be laying over top of 
a spine coil and underneath a body flex coil. The first set of scans acquires localizer 
images in 3 planes to identify the location to which the spectroscopy voxel will be 
placed. The next set of images provides a more detailed cross-section of the liver. The 
image used for spectroscopy if the image at the T11/T12 vertebrae to maintain 
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consistency across patients. A 40 x 40 x 30 mm voxel is then placed in the right lobe of 
the liver, avoiding major blood vessels, intrahepatic bile ducts, and the lateral margin of 
the liver. Two H spectra will be collected using a STEAM pulse sequence (TR=2000 ms, 
spin-echo time TE=64 ms, 2048 data points over a 1200-Hz spectral width).  
 
Data Analysis 
The acquired spectroscopy data are burned to compact disk labelled by the participants 
ID, visit number and date, and taken back to an spectroscopy analysis computer at 
Queen’s University. It is the responsibility of Andrea Brennan to ensure the MRI 
technologist has a sufficient amount of blank disk’s and disk sleeves.  
 
The individual who helped with the MRS acquisition is responsible for transporting the 
compact disk’s back to Queen’s University and uploading them onto the Gradstudent à 
Liver Fat network. All files are to be saved in the Liver Fat folder in a folder labelled with 
the date the MR images were acquired. Each participant will have their own folder within 
the dated folder labelled by their ID and visit number.  
 
 
Determination of liver fat content is accomplished using specially-designed 
spectroscopy analysis software called Slice-O-Matic (Spectro), a product of Tomovision 
(Montreal, Canada). Andrea Brennan will decide which file is the correct spectra to be 
analyzed. This is chosen by the order that the scans were taken. The first spectra scan 
is without a breath-hold, so the analyzer will choose the second spectra span with the 
breath-hold. The default paramaters are set in Spectro and liver fat content is calculated 
as the ratio of the fat peak to the water + fat peak. The following parameters should be 
set: 
 Apodization – OFF 
 Baseline – 2 terms 
 Data filtering – Not used 
 Peak fitting – defaults to Laurentzian  
 
Management of MRS Data 
After using the Spectro software to calculate the % liver fat, Andrea Brennan will enter 
that data into the MRS Access database using the participant ID. 
 

1.7.7. Accelerometry – Actigraph  

The Actigraph GT3X is a triaxial accelerometer designed to collect motion data (counts 
or acceleration, steps and body position) in three axes. The GT3X is most commonly 
worn at the waist and provides time sensitive information pertaining to physical activity 
intensity, frequency, and duration.  Equations, such as the Freedson equation (MSSE 
30(5): 777-781) are available to convert the raw count data into physiologically 
meaningful data such as energy expenditure or physical activity intensity levels (light, 
moderate, vigorous).   
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Each participant will wear the accelerometer for a one-week period starting on Day 2 
(after VO2). Accelerometers will be given out by the graduate students or Andrea 
Brennan at the VO2/waist circumference appointment.  
 
 
List of Measured Variables 
• Minutes per day of sedentary behaviour (<100 cpm), light physical activity (100-1951 

cpm) moderate physical activity (1952-5724 cpm), vigorous physical activity (≥5725 
cpm), and total or incidental physical activity (>100 cpm). 

• Counts per minute over the entire wear day, of sedentary behaviour, light physical 
activity, moderate physical activity, vigorous physical activity, and total or incidental 
physical activity.  

• Minutes per day of bouted (≥10 consecutive minutes) and unbouted (<10 
consecutive minutes) activity 

 
Measurement Device 
GT3X Actigraph Activity Monitor (Pensacola, FL) 

 
 
 
Measurement Procedures 
Preparing the Accelerometer for Data Collection 

1. The accelerometer has a rechargeable battery that should be fully charged 
before being given to a participant.  The accelerometer can be recharged via a 
standard 2.0 USB connection plugged into a computer or a 7-terminal charging 
hub which is plugged into a regular electrical outlet.  A fully depleted battery 
takes approximately 3 hours to fully recharge.  Note: When the battery is plugged 
in and recharging a red light will flash.  When this red light stops flashing and 
stays on, the battery is fully charged.  

2. When the accelerometer is charged it can be initialized.  Double-click the Actilife 
software icon on the desktop.   

3. When the Actilife program is open on the computer, use 
a USB connection to connect the accelerometer to the 
computer (as shown in the picture below – the arrow on 
the USB cable should be facing up). A new driver has to 
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be installed for each port that the USB + accelerometer is plugged into.   

4. Once the accelerometer is plugged in the screen will change to look like the one 
below. Check the battery of the accelerometer to make sure it is fully charged.  

 
5. Click on the ‘Initialize’ button to initialize the accelerometer. The following screen 

will pop up. Ensure all settings in the snapshot below are also checked on your 
screen. Fill in the appropriate start and stop times. The accelerometer should 
start at midnight on the first day and stop at 11:59 pm on the last day. If the 
participant picks up the accelerometer in the morning then Day 1 will start on the 
day of pick-up.  However, if the participant picks up the accelerometer in the 
afternoon Day 1 will start the next day (because half of the day will already be 
over). Note: after the accelerometer has been initialized the red light will flash 
until it hits the programmed start time.  The red light will start flashing again once 
it reaches the stop time until the data is downloaded.  
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6. Enter Subject Info into the appropriate field. Change the subject name field to 

reflect the participant’s ID and visit number followed by the day number the 
accelerometer has been initialized for. In the example below S001 is the 
participants ID, V00 is the visit number (baseline) and _1 refers to the 
accelerometer being initialized for Monday. _1 reflects an accelerometer starting 
on Monday, _2 is Tuesday, _3 is Wednesday and so on. Once this field is filled 
in, click “Initialize 1 Device”.  

 
 

7. Once the accelerometer has been successfully initialized the box below will pop 
up.  Double-check that the start date and time are correct. Ensure that the 
“Status” field says “finished initializing”.  Disconnect the accelerometer from the 
USB cable. 

 



 

	  
	  

112 
	  

8. Attach the accelerometer to an appropriately sized elastic band. 

9. Record the serial number of the accelerometer on the Liver Fat accelerometer 
wear spreadsheet so we can track who was wearing which accelerometer. This 
excel document is located in the “Accelerometry Data” folder on the 
\\DiskStation\GradStudent/LiverFat directory.  

10. Below is the Flashing Light Reference for the accelerometer 

 
 
 
Preparing the Participant 

1. There are no guidelines the participant needs to follow prior to getting the 
accelerometer. 

2. The accelerometer will be attached to an elastic band to be worn around the 
waist next to the skin (or over a light, tight-fitting shirt if it is too itchy) to minimize 
extra motion and will be situated directly over the right hip. 

3. The participant will be asked to wear the accelerometer for a 7 day period and to 
remove it only for water activities (eg, swimming, showering, or bathing) and 
sleep.  

4. The participant will also be given a log (Appendix 14) where they will record 
when and why the accelerometer was removed and provide comments. 

 
Important Points to Mention During the Initial Meeting with the Participant 

1. We are putting an activity monitor on which will give us an indication of how 
much physical activity you do. It records how often you move around and how 
quickly you move around. 

2. The activity monitor does not interfere with any medical devices and is not 
harmful.  
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3. The activity monitor should be worn on the elastic band around your waist, 
preferably right next to the skin but it can go over a tight-fitting shirt if it is itchy, or 
can be looped through belt holes on pants and should be situated directly above 
the right hip. Please ensure that the elastic is not loose and the activity monitor is 
not flopping around because it will not collect good data.  

4. The activity monitor should be worn at all times for the next 7 days during waking 
hours except it should be removed for all water-based activities such as 
swimming, showering, or bathing because it is not waterproof.    It is most 
important that you are wearing it during your waking hours.  So, because  you 
are not wearing it to sleep, please put it on as soon as you wake up in the 
morning and remove it immediately prior to climbing into bed at night.  

5. If the monitor is removed, please record on this log sheet what time(s) and why 
the activity monitor was removed.  Also, please record the times you wake up in 
the morning and fall asleep at night.  Finally, if you experience any problems or 
have any comments or suggestions please write that in on the bottom of the 
sheet. Alternatively, if you have any immediate concerns while wearing the 
device please contact Andrea Brennan at liver@queensu.ca or at (613) 533-6000 
Ext 78613.  

6. Although the activity monitor is very durable, please be careful and gentle with it 
as it is very expensive. 

7. Please remember to bring the activity monitor and log back your MRS or fasting 
blood draw appointment.  If you do not have an appointment than we can 
arrange a time when I can meet you at the front doors of the SKHS building to 
pick it up from you.  You will receive a call the day before it is to come back to 
remind you and make arrangements if necessary. 

 
Data Management  
Acquiring Data 

1. Retrieve accelerometer and log from the participant.   
2. Open the Actilife program, connect the accelerometer to the computer via USB 

connection and click the ‘download’ button on the left side of the screen. The box 
below should pop up on the screen. 
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3. Once the data has been successfully downloaded, the box below will pop up. 

Select ‘Subject Name’ from the “Download Naming Convention. Ensure that all 
the boxes and settings are the same as the image below. Then click “Download 
All Devices”. Note: The data will be stored in the accelerometer until it has been 
initialized again and at this point it is deleted.  So, be sure data has been 
downloaded before initializing any device. 

 
4. The file (it will be a .AGD file) generated will be saved to the directory chosen 

(\\DiskStation\GradStudent/LiverFat\Accelerometry). The pop up below should 
appear and indicate that the download is finished. 
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5. Now you must create the .dat and .CSV files using the .AGD file within the Actilife 
program.  Go to file, and click the “Import/Export/Convert” option. Select .AGD à 
.DAT ( as seen in the box below).  Select the .AGD file that you just created and 
and open it.   

 
6. You should be the pop up below appear. Click on the “Open containing folder” 

button. The .DAT file should have the same name as the .AGD file. Ensure that 



 

	  
	  

116 
	  

the naming convention IDVvisit_day of the week is correct. For day of the week, 
Monday = 1, Tuesday = 2, Wednesday = 3 and so on. For example, if A01 
received the accelerometer on Wednesday at visit 00 the file would be saved as 
A01V00_3.  

 
 
7. Export the .AGD file to both a .dat file and a .CSV file.  Make sure to save the 

files in the appropriate folders, which are arranged by visit. Within each visit 
folder, there are subfolders arranged by file type.  

This file conversion can only be done on the complete version Actilife which is 
located on one computer in the Ross Lab.  

 
Initial Data Quality Assessment 

1. This will be done by creating graphs of the daily activity within Actilife 6.  After 
you have saved the data, select the graphing tab within the Actilife software as 
seen in the image below. 

 
2.  Now, you must select the file that you would like to graph. Go and click on the 

“Select Dataset” button (Seen Below). Find the file in the Accelerometer folder, 
under the appropriate visit folder.  
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3. The ActiLife 6 program will graph the PA data of all 3 axes for each day of wear.  
In the example shown below, you can see that the graphs will display all 
collected data on the same set of axis. You can go and unselect the data you do 
not want to see on the right (see arrow). 

 
 

4. Once you have unselected axis 2 and axis 3, the graph will become much clearer 
and allow you to assess the quality of the data (See below). 
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5. The program will often recognize if the accelerometer has malfunctioned and a 

pop-up will appear when the accelerometer is plugged in that provides details 
about the problem.  If extended periods of zeros are detected, cross-reference 
with the log sheets to determine if the accelerometer was removed. There should 
be some periods of zeros if the participant showered. Also ensure that sleep and 
wake times look logical.   

6. Next, determine the number of days the accelerometer was worn and record 
using the excel spreadsheet. Be certain that the participant’s accelerometer was 
worn for a minimum of 4 days, including 1 weekend day. There must be a 
minimum of 10 hours of wear time each of those days to ensure the data can be 
used. 

7. Once the file has been assessed, bin it into the appropriate folder according to 
whether or not it was worn for the minimum number of required days (4 days: 3 
weekday and 1 weekend of at least 10 hours).  If a file does not meet these 
requirements, the data cannot be used and should be placed in the unusable 
data folder. The participant should be asked to wear the accelerometer again.  

Note: If a participant is asked to wear the monitor again at baseline, this will 
delay the other measurements.  
 

Obtaining Sedentary and Activity Data from Actilife 
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1. Click ‘Wear Time Validation’ and then ‘Add Dataset’.  Select the appropriate AGD 
file.  On the left side of the screen ensure that you have selected Trojano (2007) 
and checked off ‘default’.  Next click ‘Calculate’ at the bottom of the screen. 

 
2. Click ‘Data Scoring’ and then ‘Add Dataset’.  Select the appropriate AGD file.  On 

the left side of the screen it is important that you check off ‘Cut Points and MVPA’ 
and select Freedson no lifestyle (2013).  For filters, it is important that you check 
off ‘Exclude Non-wear Times from Analysis’.  Next click ‘Calculate’ at the bottom 
of the screen.  A row of variables will then appear on the screen. 

 
 

 
3. At the bottom of the screen click ‘Export’, Select Export Type as ‘CSV’.  Then 

click ‘Export…’ and save it to _____ 
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1.7.8. Diet Quality and Quantity 

Following the recruitment meeting, eligible and committed participants will come to a 
Diet Record Education Session. The participants will be free-living and all foods 
consumed will be store-bought and self-selected by participants. All subjects will be 
instructed not to alter their normal dietary patterns throughout the duration of the study. 
Subjects will be asked to submit diet records for the 1-week period in which they wear 
the accelerometer.  The diet record tracking forms will be handed out to participants 
with the accelerometer at the VO2max appointment. Additionally, diet quality will be 
measured using the Canadian Healthy Eating Index. Both total energy intake and diet 
composition have been linked to the development and progression of NAFLD. We will 
be measuring both in our study to see if either diet quality and/or diet quantity are 
associated with liver fat content independent of PA.  
 
Measurement/Assessment Equipment 

• Blank Dietary Records (Appendix 16) 
• Food models 
• Handouts for monitoring diet (Appendix 17, 18) 
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• Instruction sheet summarizing steps required to fill out diet records (Appendix 17) 
 
Food Record Instructions:   
 Explore the participants’ knowledge and experience monitoring their food intake.  

Have you ever recorded your food intake before?  How did you find that?  What did 
you notice?   

 Show them what the food records look like. 
This is the food record that we will be using in the study. (Note: if some people prefer 
to do it on their computer you can send them the file) 

 
Instructions:  (give instruction handout to participant) 
a. Each day you are required to fill out this form and write down everything you have 

eaten (this includes butters, spreads, dressings and the little bites of food you may 
eat while cooking) 

b. Time -You must fill out the time you’ve eaten.  This is pretty self-explanatory.  It is 
helpful to write down your food just before or after eating to ensure accurate 
recording (so that you don’t forget anything you have eaten).   

c. Food & Drink – Fill out exactly what you have eaten.  If you are recording a recipe, 
use the first line as the title of the recipe, then record all of the ingredients 
underneath. Be as diligent as possible in writing down everything you have eaten 
throughout the day, including small snacks, drinks, etc. 

d. Description and Preparation - Be as descriptive as possible.  Include brand names 
and the cooking method so that we can look up some of the material if we need to.  
(e.g. Equality mild cheddar cheese, PC raspberry vinaigrette dressing, Parmalat 
skim milk, broiled vs. roasted chicken from butcher, etc.) 

e. Amount/Portion – It is important to estimate the portion sizes carefully.  (We will go 
over these in a minute). If it is a recipe, record the portion of the full recipe you 
consumed (for example, 1/8 pie) 

 
Measurements and Portions: (give measurement handout) 
 Try to make this component as interactive as possible.   
 Use poster/handout out with thumb/finger guidelines  

 thumb tip = a teaspoon (helpful for butter, mayo servings, etc) 
o note: 3 thumb tips = tablespoon  (useful for peanut butter, dressings etc) 

 thumb = 25g therefore 2 thumbs = 50 grams which is cheese serving 
 palm = 3-4 oz serving of meat 
 fist = a cup 

 Use measuring cups and spoons to remind people what ½ cup,1 cup, 1 tsp and 
1tbsp look like (use food models here to show 1 tsp of butter and 1tbsp of peanut 
butter) 

 Using dishware may want to show participant different sizes of glasses (1/2 cup, 1 
cup and very large glass) so they can estimate liquids 

 Other measurements that might be useful:  Open slot ladle = ¼ cup; heaping = ½ 
cup, Closed ladle = ½ cup liquids 

 Some tips that people find helpful while trying to estimate the amount:  
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o Pour/ put what usually have in bowl/ plate/ glass, then transfer to 
measuring cup to see how much you are having 

o  Measure out 1 cup of cereal/ juice for example and then put it in a bowl/ 
glass/plate and notice where it fills the bowl up (can eye ball it after) 

 If they can’t find it anywhere they may have to compare it to a similar item and make 
an educated guess (they can also leave it and ask you when they see you but try to 
encourage them to fill out everything). 

 
Management of Nutrition Data 
Participants will submit their completed dietary records along with their accelerometer to 
Andrea Brennan at their blood work appointment. She will enter the records into the 
ESHA nutrient analysis software program. The average calories and macronutrients 
consumed will be recorded in the Dietary database. Subsequently, Andrea will 
determine diet quality using the Canadian Healthy Eating Index (Appendix 20). She will 
take the average over 7 days of each aspect of the C-HEI to calculate the overall dietary 
score. 
 

1.8. Adverse Events Forms 

Adverse events will be recorded in two ways: an adverse event incident sheet and 
adverse event questionnaire.  The adverse event questionnaire will be performed by the 
nurses during the blood work appointmentand filed in the nurses’ participant file.  The 
incident report will be used to document any adverse event suffered by a participant 
while either in or outside of our care.   Examples of adverse events include: fainting, 
chest pain, musculoskeletal injury, etc.  Copies off all adverse event forms will be kept 
in the Adverse Event file in the Project Coordinator’s office. All non-serious adverse 
events will be reviewed by Bob Ross before filing. 
 

1.9. Booking Appointments 

Andrea Brennan is responsible for booking all appointments. Participants may be 
contacted by phone, email. Andrea Brennan can use the Participant Assessment 
Tracking Sheet to keep track of upcoming appointments. This sheet should be updated 
weekly. 
Google Calendars is used to keep track of all appointments for the Liver Fat study. To 
use Google Calendars you must have a Gmail account, and be given authorization by 
the project coordinator. An entry into the calendar must include the participant’s ID 
number, week number, the type of appointment, the time of the appointment and who 
the appointment is with (the Research Assistant’s initials).  
Please note that VO2 treadmill tests and Anthropometric Measurements take 45 
minutes each and that a laboratory measurement appointment takes 30 minutes. He 
laboratory measurements is a fasted appointment so it must be in the morning and the 
Research Assistant requires 1 hour preparation time before the first VO2 test, therefore 
the earliest VO2 appointment is 8:00am. Anthropometric Measures can be done in 
conjunction with the VO2 test at Hotel Dieu for convenience but still requires a 15 
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minute time slot. Finally, Anthropometric Measures can be scheduled as early as 
7:00am and as late as 5:00pm depending on the availability of the Research Assistants.  
 

1.10. Data Management 

Overview 
Data management in the Liver Fat Study will be the responsibility of Andrea Brennan. 
The data management procedures have been designed to ensure the integrity of the 
data and the confidentiality of the participants’ personal information.  
 
Three databases will be constructed: 1) Participant Information Database, 2) 
Measurement Database, and 4) Analysis Database.  All information will flow through 
Andrea Brennan.  A sequential Personal Identification Number [78] will be assigned to 
each participant at the time of recruitment into the study which will be common to all 
three databases.   
 
1) Participant Information Database  
The Personal Information Database contains personal contact information for each 
participant.  The Project Manager provides this information to Andrea Brennan.  This 
information is important for the tracking of participants through the study.  
 
2) Measurement Database 
The Measurement Database contains the measures for each participant that are 
provided by Andrea Brennan/graduate students. This database does not contain 
personal identifiers or information regarding group assignment.  
 
4) Analysis Database 
The Analysis Database will be constructed by Andrea Brennan, with assistance from the 
Data Manager, by merging the group assignment code from the Personal Information 
Database to the Measurement Database by sequential PINs.  This database will not 
contain any personal identifiers, and will be made available to the investigators for 
analytical purposes. 
 
 
 
 
 
 
 
Data Flow 
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Purpose 

 
 

The purpose of this document is to outline the procedures for the acquisition, storage 
and transfer of data so that participant information is kept secure and confidential 
throughout the trial. 
 
Methods 
There are four stages in the collection of data that are crucial in maintaining the security 
and confidentiality of participant data.  All study data are located in secure locations.  
Electronic data are stored behind firewalls and are backed-up up nightly to hard drives 
in a separate secure location.  
  
A. Screening:   
Throughout the participant screening process, all data will be maintained by Andrea 
Brennan in a Microsoft Access database residing on a computer in an access-restricted 
area. PROCESSING SCREENING DATA NEEDS TO BE DETERMINED 

 
B.  Data Collection:  
Participant’s assessment data will be located in locked storage when not in use and be 
kept separate from participant information to maintain confidentiality.  Any study 
information collected will be identified by participant ID with no reference to participant 
name and will be stored in a secure location by the assessors. Participants assigned to 
the exercise intervention will also be monitored by the Research Assistants and relevant 
exercise information. NEEDS TO BE EXPANDED. 
 
C.  Data Storage:   
Once the data has been collected and entered into the Microsoft Access database, the 
hard copy will be stored in a secure location and the database will be transferred to the 
Data Manager by SSL-enabled Web DAV server with basic authentication. Once the 
Data Manager receives the data, it resides behind a firewall and is backed up nightly to 
another computer that resides in a separate secure location within the firewall.  In 

Data	  collected	  during	  
appointment	  

Data	  entered	  into	  
database	  using	  PINs	  

Hard	  copy	  of	  data	  placed	  in	  
folder	  indicating	  that	  the	  
entry	  needs	  to	  be	  double	  

checked	  

Electronic	  data	  entry	  is	  
double	  check	  with	  the	  hard	  

copy.	  This	  process	  is	  
documented.	  

Hard	  copy	  is	  filed	  away	  in	  a	  
secure	  location.	  

Electronic	  data	  is	  stored	  on	  
the	  secure	  network	  and	  
backed	  up	  regularly.	  

Data	  is	  combined	  into	  a	  
single	  table	  for	  final	  
analysis	  
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addition to the hard disc backup, the data will be regularly copied to DVD-ROM media 
(depending on size) and stored in a fireproof safe within the building, but outside of the 
room containing the hard disk storage.  As well, all hard copies of anthropometric 
datasheets, questionnaires, medical and lab results are kept in locked storage.   
 
D.  Data Verification: 
The quality of the data entry of the anthropometric, blood work and physical activity 
recall data will be assessed by a visual verification of 100% of the datasheets.  All 
datasheets that are reviewed are tracked in a spreadsheet and the database’s data 
entry forms will contain an audit trail which will indicate any changes made to the data 
following the data entry review.  Double entry of data will be performed for 2% of the 
data. 
 
Data Dictionary 
 
 
The data collected in this study will be stored within Microsoft Access databases. The 
details of the database are contained in a dictionary that is automatically generated from 
within the Access program. The data dictionary contains information about the data 
such as column names, data types, field lengths and field descriptions. 
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Appendix C: Participant Consent Form 
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CONSENT TO VOLUNTEER FOR PARTICIPATION IN A STUDY 

 
TITLE: Independent effects of physical activity and diet on liver fat content in 
abdominally obese men. 
 
PRINCIPAL INVESTIGATOR:   Robert M.J. Ross, Ph.D. 
Queen’s University 
School of Kinesiology and Health Studies/ 
Medicine, Division of Endocrinology and Metabolism 
Kingston, Ontario, K7L 3N6 
(613) 533-6583 
 
 
CO-INVESTIGATORS: 
 
Andrea Brennan, RD, BASc, MSc (candidate) 
Queen’s University 
School of Kinesiology and Health Studies 
Kingston, Ontario, K7L 3N6 
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You are invited to participate in a research study on the influence of physical activity 
and diet on liver fat content.  The following brief is intended to provide you with the 
details you should be aware of prior to your consent as a participant in this study.  
Please read the following information carefully and feel free to ask any question that you 
may have. 
 
BACKGROUND INFORMATION 
 
Non-alcoholic fatty liver disease is associated with obesity and risk of type 2 diabetes 
and cardiovascular disease and is an important risk factor to target for prevention of 
disease. Results from many studies have considered the effects of diet and exercise 
combined on liver fat. However, no prior studies have considered the individual effects 
of diet and physical activity (routine physical activity you do during the day) on liver fat. 
This question is important because increased liver fat is a potentially serious health 
problem. It is valuable to know if routine physical activity can compensate for poor diet 
in terms of the amount of liver fat. In addition, many risk factors for disease are 
associated with fatty liver, including high blood cholesterol and high blood sugar. 
Therefore, we will also determine whether or not the amount of liver fat plays a role in 
these risk factors, or if physical activity and diet affect these risk factors separately from 
liver fat.  
     
EXPLANATION OF PROCEDURES 
 
Pre-participation screening 
 
To determine if you are eligible to participate in this study you will be required to 
complete a Physical Activity Readiness Questionnaire and a magnetic resonance 
spectroscopy screening form. We will also measure your waist circumference. These 
measures are explained in further detail on pages three [93] and four (4) of this form.  
 
 
Study Protocol 
 
The study will be approximately 1 week in duration. During this timeframe, we will 
measure physical activity, diet, liver fat and other common health risk factors as 
described below 
 
Expectations 
 
You will be expected to: 

1. Keep all testing appointments  
2. Provide accurate answers on all questionnaires 

 
You can expect: 

1. Full disclosure of all procedures required for participation in this study 
2. To be treated fairly and with respect 
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3. Any information that is disclosed will be private and confidential 
4. No one will be coerced or forced to do anything they wish not to do 
5. To have all your questions answered fully and as promptly as possible 
6. To not be penalized for choosing to withdraw from the study for any reason  

 
As a participant in this study, you will be asked to wear an accelerometer to measure 
your physical activity levels for a one-week period (see below “Assessment of Daily 
Physical Activity”). During this week, you will also be asked to self-record what you eat 
and drink [46] for each day of the week (see below “Diet Program”). At the end of the 
week, you will be asked to hand in your accelerometer and diet records and participate 
in the measurement of your liver fat content (by magnetic resonance spectroscopy).  
Additionally, blood will be drawn by a trained nurse to determine your levels of blood 
cholesterol, blood sugar and insulin, adiponectin (a hormone associated with liver fat) 
and liver enzymes.  
 
Diet Program:  You will be asked to maintain your regular diet throughout the duration (1 
week) of the study. This means that you will be asked not to change anything about 
your diet that you are currently consuming. You will be required to record the food you 
eat each day for 1 week. At the beginning of the study, the investigator will explain and 
educate you on proper and thorough diet record keeping. All of your meetings with the 
investigator will be in Dr. Ross’s laboratory within the School of Kinesiology and Health 
Studies at Queen’s.   
 
Assessment of Daily Physical Activity: How physically active you are throughout the day 
will be measured by a small device known as an accelerometer, which is worn on your 
hip. The accelerometer is a small unit that you wear on your belt at the level of your hip 
and this device measures the amount of physical activity that you perform. You will wear 
this monitoring device during all of your waking hours and will remove the monitor when 
you go to sleep and when you participate in water activities such as showering, bathing, 
or swimming.  You will wear this device for 7 consecutive days.   
 
Magnetic Resonance Spectroscopy: Proton-magnetic resonance spectroscopy (MRS) is 
a very good method for measuring the amount of fat in your liver. No harmful effects 
have been associated with MRS under existing conditions of use. However, if you feel 
claustrophobic during the scan you can end the test immediately.    
The MRS scanning procedure is very much like other medical imaging methods used in 
hospitals, but with MRS you will not be exposed to x-rays. This MRS machine uses a 
strong magnet and radio waves to determine the amount of fat in your liver. You will not 
feel anything during the measurement. The levels of magnetism and radio waves used 
in the MRS have not been shown to cause harmful effects. However, the MR scanner 
uses a very strong magnet that will attract metal. Therefore ALL metallic objects must 
be removed from your body before you approach the scanner. If you have a cardiac 
pacemaker or a metallic clip in your body (e.g., an aneurysm clip in your brain or an 
I.U.D.) you should not participate in any MRS study. In addition, credit cards and other 
cards with magnetic strips should also be removed as these will be damaged. (These 
items will be kept safe for you). 
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While you are in the magnet you will be in voice contact with the operator, and the 
operator will be able to see you at all times via a camera.  You may ask the operator to 
stop the experiment at any time.  You should ask to stop the experiment if you feel tired, 
claustrophobic, or uncomfortable.   
Due to the very high magnetic field you should not be a subject in any MRS experiment 
if  you: 

• Have a history of head or eye injury involving metal fragments 
• Have ever worked in a metal shop 
• Have some type of implanted electrical device (such as a cardiac 

pacemaker or neurostimulator) 
• Have implanted metal objects as a result of surgery such as artificial 

joints, aneurysm clips, metal staples 
• Have severe heart disease (including susceptibility to arrhythmias) or any 

other serious illness 
• Are wearing metal braces on your teeth 
• Have non-removable jewelry (body piercing) 

 
The whole MRS procedure takes about 30 minutes and will be performed by 
appointment at the Centre for Neuroscience studies at Queen’s immediately after the 
week you wear the accelerometer and record your dietary intake.  
 
Circumference Measurements 
 
Circumference measurements will be taken at numerous places on your body.  These 
measurements can be used to determine your body fat distribution.  These 
measurements require about 30 minutes to complete and will be obtained at Dr Ross’s 
laboratory within the School of Kinesiology and Health Studies at Queen’s.  We will 
collect these measurements at the end of the week you wear the accelerometer.  
 
Assessment of Cardiovascular Fitness 
 
We will measure your cardiovascular fitness (endurance) using a treadmill test.  The 
test will begin at a level you can easily accomplish and will be advanced in stages, 
depending on your capacity to do so.  We may stop the test at any time because of 
signs of fatigue or you may stop the test because of personal feelings of fatigue or 
discomfort.   
 
The treadmill test involves risks comparable to any strenuous exercise situation.  They 
include very rare instances of abnormal blood pressure, fainting, disorders of the 
heartbeat, and heart attack.  Every effort will be made to minimize your risk by 
preliminary medical examination and observation during the test.  The investigator at 
Hotel Dieu Hospital, with a trained paramedic or medical doctor on-site, will conduct 
your fitness test.  You will perform this test once at the end of the week that you wear 
the accelerometer. 
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Laboratory measurements  
 
The measurement of how much sugar, cholesterol, adiponectin, and liver enzymes are 
in your blood will be done at Dr. Ross’s laboratory within the School of Kinesiology and 
Health Studies at Queen’s. Your blood will be drawn after an overnight fast using 
standard laboratory techniques by a registered nurse. The only risk from this procedure 
is possible local pain and bruising at the time of the blood test. These tests will be 
performed once in this study at the end of the week that you wear the accelerometer. 
 
Summary of Appointments and Time Requirements 
 
All appointments will be scheduled at a time that is convenient for you.  For the testing 
you will be required to make one 45-minute appointment at the Hotel Dieu Hospital to 
complete the cardiovascular fitness.  We will also arrange one 30-minute appointment 
to complete the MRS (Centre for Neuroscience Studies).  The other testing will be done 
at Dr. Ross’s laboratory in the School of Kinesiology & Health Studies at Queen’s.  This 
includes: one 30-min appointment for the blood tests (fasting blood draw); and one 15-
minute anthropometric measurement appointment.  In addition, we will ask you to make 
appointments for diet record and accelerometer instruction, averaging 30 minutes to 1 
hour. The total time commitment for all testing appointments and exercise sessions over 
the 1-week study will be approximately 2 to 2.5 hours. 
 
Time commitment per participant 
Measure/Task Time per session Number of sessions Total time 
Circumference  
Measurements 

0.25 hr 1 0.25 hr 

Fitness  test 1 hr 1 1 hr 
Blood Test 0.5 hr 1 0.5 hr 
MRS 0.5 hr 1 0.5 hr 
Dietary/Accelerometer  0.5-1 hr 1 0.5-1 hr 
Counselling/Instruction 0.5-1 hr 1 0.5-1 hr 
TOTAL   2-2.5 hours 
 
Benefits of Participation 
 
You will gain no direct benefit through participation in this study. 
 
Risks of Participation 
 
Participation may involve some risks.  The known risks are:   
 
1) Insertion of a needle in your arm or hand vein may cause bruising, bleeding, 

soreness or infection. 
2)  MRS may be dangerous for anyone with metal inside their body. Some metal objects 
may move or heat up due to the magnetic force and radiofrequency waves used for 
MRI.  We will screen you to make sure that it is safe for you to participate. 
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No long-term adverse effects of MRI have been reported in either adults or children.   
 
MRS is completely painless, but some people have felt minor, transient discomforts 
during MRS scans (e.g. dizziness, lightheadedness or a feeling of continued motion 
after being moved into the magnetic field) which usually subside within a few minutes.  
In rare cases, the dizziness progressed to the point of nausea, but subsided quickly 
outside the magnetic field. Some people may have a feeling of claustrophobia while 
they are in the scanner, and in extremely rare cases this feeling seems to have 
triggered a more persistent claustrophobia.  No long-term adverse effects of MRS have 
been reported. 
 
The following specific risks have been identified and are included in the screening form: 

• Previous Surgery, such as: 
• Surgery involving metal, such as: clips, rods, screws, pins, wires.  
• Heart pacemaker  
• Implanted electrodes, pumps or electrical devices  
• Cochlear (inner ear) implants 
• Intraocular lens (eye) implants (Cataract lens allowed except for Brain Imaging 

studies) 
• Any metallic foreign body, shrapnel or bullet – people who have worked as a 

grinder, metal worker, welder, or have been wounded during military service, will 
be excluded 

• Dental work held in place by magnets 
• Non-removable dental braces and retainers 
• Tattooed eyeliner 
• Some tattoos (particularly recent tattoos and/or containing black ink) 
• Non-removable metal jewellery (body piercing) 

 
2) The exercise test may cause muscle soreness or fatigue.  In any individual, 

there is a minute risk of a heart attack or death from the exercise test. A 
trained paramedic or medical doctor will be on-site.  If you develop chest pain, 
the test will be stopped immediately. 

3) Risk of Wearing the Activity Monitor: Some people may experience mild skin 
irritation at the site where the activity monitor is worn. One cause of skin 
irritation has already been identified in people who wear the accelerometer for 
extensive periods of time (i.e., more than 24 hours). Specifically, the build-up 
of sweat that can be trapped between the skin and the band can cause pink 
pustules or pimples to appear. This condition is named miliaria, or prickly 
heat. This condition is common and occurs in 10% to 25% of people (10 to 25 
out of 100 people) that wear the accelerometer. To help to prevent this 
condition you should clean your skin using rubbing alcohol before putting on 
the activity monitor.  Also, you should use soap and water to clean the elastic 
strap that attaches the monitor to your skin before each use.  You should also 
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wipe off the monitor using rubbing alcohol and allow this to dry before putting 
it on. 

 
You should inform the investigators if you have participated in any other research study 
during the previous year.  This will help to ensure that you have not been exposed to a 
procedure in another study that may influence your ability or eligibility to participate in 
this one.  You should understand that this study is a research study and may not be of 
direct benefit to you.  If requested, a report will be generated for your medical record, 
which will include any information important for your medical care. 
 
CONFIDENTIALITY 
 
All information obtained during the course of this study is strictly confidential and your 
anonymity will be protected at all times.  Your information will be kept in locked files and 
will be available only to Dr. Robert Ross and those working within his laboratory.  Your 
identity will not be revealed in any description or publication. 
 
In the event you that you are injured as a result of the study procedures, medical care 
will be provided to you until resolution of the medical problem.  By signing this consent 
form, you do not waive your legal rights nor release the investigator(s) and sponsors 
from their legal and professional responsibilities.  
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VOLUNTARY CONSENT 
 
I have been given an opportunity to ask any questions concerning the procedures.  All 
of my questions regarding the research project have been satisfactorily answered.  I 
understand that my test results are considered confidential and will never be released in 
a form that is traceable to me, with the exception of my family physician or myself.  I 
understand that all my lab results will be sent to my family physician. I do understand 
that I am free to deny consent if I so desire, and may withdraw from the study at any 
time without prejudicing current or future medical care.  
 
Should I have any questions about the study, I know that I can contact any of the 
following:  Dr. Robert Ross (613 533-6583), Dr. Jean Coté, Head, School of Kinesiology 
and Health Studies (613 533-6601), or Dr. Albert Clark, Chair, Queen’s Health Sciences 
& Affiliated Teaching Hospitals Research Ethics Board (613 533-6081).  A copy of this 
consent form will be provided me for my records.  My signature below means that I 
freely agreed to participate in this study. 
 
 
    __________________________________   ________________ 
         Volunteer’s Signature                                   Date:   
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STATEMENT OF INVESTIGATOR 
 
I, or one of my colleagues, have carefully explained to the subject the nature of the 
above research study.  I certify that, to the best of my knowledge, the subject 
understands clearly the nature of the study and demands, benefits, and risks involved to 
participants in this study. 
 
 
__________________________________                   ________________ 
    Principal Investigator’s Signature               Date 
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Appendix D: MRS Participant Safety Checklist Form 
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Centre for Neuroscience Studies 

 
fMRI Facility 

 
MAGNETIC RESONANCE (MR) IMAGING SAFETY CHECKLIST FOR RESEARCH SUBJECTS 

This MR system has a very strong magnetic field (3 Tesla) that may be hazardous to individuals entering the magnet room if they have 
certain metallic, electronic, magnetic, or mechanical implants, devices or objects.  Therefore, all individuals are required to fill out this 
form BEFORE entering the magnet room.  Be advised, the magnet is ALWAYS ON.  This questionnaire must be completed accurately 
to ensure safety.  An answer of “Yes” in a category may not necessarily exclude you from entry into the MRI or its vicinity. 
 
Full Name: ________________________________________  DOB: ____/____/______  Weight: _______      Height: ______ 
   (print)           Given    /    Middle    /     Family                                           MM / DD /  YYYY 
 
Family Physician Name: ________________________________    Address or City: ______________________________________ 
(include first name/initial)                      of Physician 
 
Please Circle 
Have you had prior surgery or an operation of any kind?              Yes   No 
Have you had an injury to the eye involving a metallic object (e.g. metallic slivers, foreign body)?  Yes   No 
Have you ever been injured by a metallic object or foreign body (e.g. BB, bullet, shrapnel, etc.)?  Yes   No 
Have you worked in a metal machine shop for an extended period of time?       Yes   No 
Are you pregnant or suspect that you are pregnant?             Yes   No  
Do you have any history of claustrophobia, panic attacks, or seizures?        Yes   No  
Do you have any history of heart disease (angina, palpitations, heart attack, etc.)?     Yes   No  
Are you wearing clothing with silver or gold threading (e.g. lululemon silverescent)?     Yes   No 
 
 
WARNING:  Certain implants, devices or objects may be hazardous to you in the MR environment or the magnet room.  DO NOT 
ENTER the MR environment or the magnet room if you have any questions or concern regarding an implant, device object. 
 
Please indicate if you have any of the following: 
 
Yes No  Aneurysm clip(s) Yes No  Neurostimulation system 
Yes No  Cardiac pacemaker Yes No  Spinal cord stimulator 
Yes  No  Implanted cardioverter defibrillator (ICD) Yes No  Cochlear implant or implanted hearing aid 
Yes No  Electronic implant or device Yes No  Insulin or infusion pump 
Yes No  Magnetically-activated implant or device Yes No  Implanted drug infusion device 
Yes No  Any type of prosthesis or implant 
Yes No  Artificial or prosthetic limb 

Yes No  Any external or internal metallic object (e.g.     
                        permanent retainer, dentures, IUD, metal sutures) 

Yes No  Any metallic fragment or foreign body 
Yes No  Medication patch (Nicotine, Nitroglycerine) 

Yes      No Hearing Aid (Remove before entering the magnet 
room)  

Yes No  Tissue expander (e.g. Breast) Yes No  Tattoo 
Yes No  Body piercing Yes No  Other implant _______________________ 
 
 
IMPORTANT INSTRUCTIONS:  Remove all metallic objects before entering the MR environment or magnet room including hearing 
aids, beeper, cell phone, keys, hairpins, barrettes, jewelry, watch, safety pins, paperclips, money clips, credit cards, bank cards, 
magnetic strip cards, coins, pens, pocket knife, nail clipper, steel-toed boots/shoes, and tools.  Loose metallic objects are especially 
prohibited in the magnet room and MR environment. 
 
I attest that the above information is correct to the best of my knowledge.  I have read and understand the entire contents of this form 
and have had the opportunity to ask questions regarding the information on this form. 
 
Person Completing Form: 
 
 
Print Name        Signature         Date 
 
Form Reviewed By: 
 
 
Print Name        Signature         Date      Position 
 
For research study volunteers (to be completed at the end of the study)    Total time spent in magnet (minutes) _____________  
 
                      Time entered by (name):  ___________________ 
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Appendix E: VO2peak Data Collection Form 
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Maximal Oxygen Consumption Test – Liver Fat Study  
 
Visit:   V00            Mask Size: ________ 
 

Date:____________________ Participant ID: _________________ 

Height [22]:______________ DOB: _________________________ 

Weight(kg): ______________ Age Predicted HR: 220-12- ____=____ 

Speed:        mph Tester:__________________________ 
 
Checklist: 1. RQ>1.1 _____ 2. HR ≥ HRmax____3. VO2 plateau____4. BORG =10____ 
	  

Time 
(min) 

Grade 
(%) 

HR 
(bpm) RPE Time 

(min) 
Grade 

(%) 
HR 

(bpm) RPE 

00:00 0   11:00    
00:20    11:20    
00:40    11:40    
01:00    12:00 8   
01:20    12:20    
01:40    12:40    
02:00    13:00    
02:20    13:20    
02:40    13:40    
03:00 2   14:00    
03:20    14:20    
03:40    14:40    
04:00    15:00 10   
04:20    15:20    
04:40    15:40    
05:00    16:00    
05:20    16:20    
05:40    16:40    
06:00 4   17:00    
06:20    17:20    
06:40    17:40    
 07:00    18:00 12   
07:20    18:20    
07:40    18:40    
08:00    19:00    
08:20    19:20    
08:40    19:40    
09:00 6   20:00    
09:20    20:20    
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09:40    20:40    
10:00    21:00 14   
10:20    21:20    
10:40    21:40    

	  
Time 
(min) 

Grade 
(%) 

HR 
(bpm) RPE Time 

(min) 
Grade 

(%) 
HR 

(bpm) RPE 

22:00    33:00 14 ↑spd   
22:20    33:20    
22:40    33:40    
23:00    34:00    
23:20    34:20    
23:40    34:40    
24:00 14 ↑spd   35:00    
24:20    35:20    
24:40    35:40    
25:00    36:00    
25:20        
25:40        
26:00        
26:20        
26:40        
27:00 14 ↑spd       
27:20        
27:40        
28:00        
28:20        
28:40        
 29:00        
29:20        
29:40        
30:00 14 ↑spd       
30:20        
30:40        
31:00        
31:20        
31:40        
32:00        
32:20        
32:40        
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Appendix F: Liver Fat Diet Record Form and Education Materials 
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Liver Fat Diet Record 
Participant ID: 
Date: 
Day of the Week: 
 
Time Food/Drink Description and Preparation Amount 
e.g. 7:00 
AM 

Toast Whole wheat bread 2 slices 

 Margarine Becel olive oil 2 tsp 
 Strawberry jam Smucker’s 2 tsp 
 Orange juice Tropicana Pulp 1 cup 
 Apple Royal Gala 1 medium 
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
Multivitamin: Y     N       If Yes, Brand and Dosage:  
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Instructions for Completing Your Food Records 
 

1. Each day you are required to fill out the Diet Tracker form and write down 
everything you eat and drink (this includes butters, spreads, dressings, little bits 
of food you may eat while cooking, drinks you consume throughout the day, etc.) 

 
2. Time – You must fill out the time you eat. It is helpful to record your food/drink 

just before or after eating to ensure accuracy (so you don’t forget anything). 
 
 

3. Food & Drink – Fill out exactly what you have consumed (including drinks 
throughout the day). If you ate something from a recipe (a homemade muffin, for 
example), use the first line as the title of the recipe, then record all of the 
ingredients underneath. Be as diligent as possible in writing down everything you 
have eaten throughout the day, including small snacks, drinks, etc. 

 
4. Description and Preparation – Be as descriptive as possible. Include brand 

names and the cooking method (E.g. Equality mild cheddar cheese, PC 
raspberry vinaigrette dressing, Parmalat skim milk, broiled vs. roasted vs. fried 
chicken, etc.) 

 
 

5. Amount/Portion – It is important to estimate the portion sizes carefully. If it is a 
recipe, record the portion of the full recipe you consumed (ex. 1/8 pie). You our 
portion size estimation handouts as guides when recording amounts. 
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Tips	  for	  Keeping	  an	  Accurate	  Food	  Record	  
	  
	  

1. Write	  down	  everything	  that	  you	  eat	  and	  drink	  
	  

2.	   Be	  honest	  and	  as	  specific	  as	  you	  can.	  Include	  brand	  names,	  and	  type	  of	  
food	  (such	  as	  skim	  milk,	  or	  rye	  bread).	  And	  don’t	  forget	  to	  include	  condiments,	  
toppings	  or	  spreads	  used.	  
	  
Example:	  
	  
Too	  vague:	  	  
Ham	  sandwich,	  hot	  chocolate,	  peaches	  
	  
Specific:	  	  
Ham	  sandwich	  –	  2	  slices	  whole	  wheat	  bread,	  4	  slices	  low-‐salt	  deli	  ham,	  1	  slice	  
cheddar	  cheese,	  2tsp.	  mayo,	  1	  tsp.	  mustard,	  2	  leaves	  of	  romaine	  lettuce,	  4	  
slices	  tomato.	  
-‐	  ¾	  cup	  hot	  chocolate	  made	  from	  mix	  and	  1%	  milk.	  
-‐	  ½	  cup	  canned	  (in	  light	  syrup)	  peaches.	  
	  
3.	   Be	  sure	  to	  specify	  preparation	  and	  cooking	  methods	  and	  don’t	  forget	  to	  

include	  those	  “hidden	  calories”	  such	  as	  cooking	  oils	  used.	  
	  
4. Describe	  combination	  foods	  –	  if	  you	  are	  eating	  combination	  foods,	  such	  as	  

pizza	  with	  various	  toppings,	  make	  sure	  to	  record	  these	  ingredients.	  
	  

5. Estimate	  portion	  sizes	  and	  amounts	  carefully.	  Feel	  free	  to	  measure	  and	  
weigh	  your	  food	  for	  a	  more	  accurate	  measure.	  

	  
6. Carry	  the	  food	  record	  with	  you	  during	  the	  day	  and	  document	  your	  meals	  

and	  snacks	  soon	  after	  you	  eat.	  It	  is	  a	  challenge	  to	  recall	  what	  you	  ate	  days	  
or	  hours	  later.	  
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Tips to Help Determine Portion Sizes 
 

Item  Amount One 
serving of: 

Palm of hand 
Cell phone 

 

2.5 oz (75 
g) 

Meat 
Chicken 
Fish 

Size of fist 
Computer 
mouse 

 

½ cup (125 
mL) 

Pasta  
Rice 
Medium 
Potato 
Fruit 

Tennis ball  ¾ cup (175 
mL) 

Yogurt 
Hot Cereal 
Tofu 

Thumb tip 

 

1 tsp (5 mL) Butter  
Oil 

2 thumb tips  1.5 oz (50 
g) 

Cheese 

Both palms 
open 

 

2 cups (500 
mL) 

Vegetables 

Other tips you may find helpful include: 
 Pour/put what you usually have in a bowl/plate/glass, then transfer to measuring    

cup to see how much you’re having 
 Measure out 1 cup of cereal/juice (for example) and put it into a bowl/glass/plate. 

Note where it fills the bowl up to (can estimate by eye-balling thereafter). 
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Appendix G: Example of Statistical Output 
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Example of a Simple Linear Regression in SPSS 

REGRESSION 
  /MISSING LISTWISE 
  /STATISTICS COEFF OUTS CI(95) R ANOVA CHANGE 
  /CRITERIA=PIN(.05) POUT(.10) 
  /NOORIGIN 
  /DEPENDENT LFlog 
  /METHOD=ENTER Kcal. 
 
Regression 

 

 

 

 


