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Abstract

Background: CVD is a major cause of premature death in Nova Scotia, Canada.
Objective: To determine the role of inflammation in the relationships between obesity,
physical activity and IHD. Methods: Secondary analysis using exposure data from the
1995 Nova Scotia Health Survey, morbidity data from CIHI and mortality data from
Statistics Canada. Results: A statistically significant association was found between
abdominal obesity and IHD for women; the relationship between physical inactivity and
IHD was of borderline statistical significance in men. Inflammatory markers were
independently associated IHD for women. Conclusions: Abdominal obesity was a risk
factor for IHD for women, whereas physical inactivity was the was the strongest
predictor of IHD in men. Inflammation was found to be an independent risk factor for
IHD in women but not men. There was no evidence that inflammation plays a mediating
role in the obesity-IHD and physical activity-IHD relationships for women and men,
respectively.

ix



BMI
CIHI
CRP
CVD
HDL
HR
ICAM
ICD
IHD
IL-6
IQR

LDL

NS

NSHS

SD

List Of Abbreviations And Symbols Used

Body Mass Index

Canadian Institute for Health Information
C-Reactive Protein

Cardiovascular Disease

High-density Lipoprotein

Hazard Ratio

Intercellular Adhesion Molecule
International Classification of Diseases
Ischemic Heart Disease

Interleukin 6

Interquartile Range

Low-density Lipoprotein

Number

Not significant

Nova Scotia Health Survey

Relative Risk

Standard Deviation



Chapter 1

Introduction

Cardiovascular disease (CVD) is one of the most important health issues affecting
the Canadian population. The Public Health Agency of Canada (2007) has identified
chronic diseases such as CVD as priority areas for health intervention. Diseases of the
cardiovascular system, including myocardial infarction, ischemic heart disease (IHD),
valvular heart disease, peripheral vascular disease, arrhythmias and stroke, are the cause
of one out of every three Canadian deaths (Statistics Canada, 2010). Ischemic heart
disease, which includes myocardial infarction, angina pectoris and atherosclerosis, makes
up the largest proportion of CVD deaths (Statistics Canada, 2010).

Cardiovascular disease places a significant economic burden on the Canadian
healthcare system. Although some individuals die unexpectedly from cardiovascular
events without prior diagnosis, CVD is often chronic and people may live with it for
years after diagnosis. Monitoring and treatment for these individuals includes visits with
family physicians or cardiologists, diagnostic tests, medications, emergency room visits,
hospitalizations and surgeries, all of which result in significant healthcare costs. For
example, one estimate for the average annual hospitalization cost for an individual in
Canada with coronary artery disease was $1743 (Smolderen et al, 2010).

The burden of CVD in Canada also includes the personal costs for individuals
living with the disease. Evidence shows that individuals with coronary artery disease
score significantly lower on measures of health-related quality of life than those without

this disease (Xie et al, 2008). Given that 1.29 million Canadians reported having heart



disease in 2005 (Lee et al, 2009), this disease is clearly having a significant effect on the
population.

Many CVD risk factors have been identified, including physical inactivity,
smoking, obesity, diabetes and hyptertension (Public Health Agency of Canada, 2009).
Data collected from the Canadian Community Health Survey between 1994 and 2005
indicates that rates of obesity, diabetes and hypertension have increased significantly in
the Canadian population during this period (Lee et al, 2009). Other risk factors include
age, gender, ethnicity, family history, dyslipidemia, excessive alcohol use and stress
(Public Health Agency of Canada, 2009). The modifiable risk factors warrant special
study, as they may be targeted through clinical or public health interventions to decrease
the morbidity and mortality from CVD.

Recently, inflammation has been identified as another potentially important
predictor of cardiovascular risk (Panagiotakos et al, 2008; Buckley et al, 2009), and has
been etiologically linked to both obesity (Pitsavos et al, 2007; Wee et al, 2008; Compher
& Badellino, 2008; Agrawal et al, 2009) and physical inactivity (Pitsavos et al, 2007,
Arikawa et al, 2010). Elevated levels of specific inflammatory markers, such as C-
reactive protein (CRP), have been associated with a higher risk of experiencing an
incident fatal or nonfatal myocardial infarction (Cushman et al, 2005). After an acute
cardiovascular event has occurred, these markers have also been shown to predict the risk
of experiencing a recurrent event (Marcinkowski et al, 2007). However, the specific
mechanisms in the relationships between inflammation, obesity, physical activity and
CVD are unclear.

When compared to national rates, CVD and obesity disproportionately affect



Atlantic Canadians, and are major contributors to morbidity and mortality in this
population (Statistics Canada, 2010). This retrospective cohort study used health
information from Nova Scotians to analyze the relationship between physical activity,
excess body weight, inflammation and IHD. It was conducted as a secondary analysis of
data previously compiled by Dr. Karina Davidson and colleagues to study the
relationship between depression, inflammation and CVD (Davidson et al, 2009).

The following literature review will examine and summarize some of the current
publications in the areas of obesity, physical activity, inflammation and CVD. Standard

methods of measuring these variables will also be addressed.



Chapter 2
Literature Review

2.1 Obesity and Cardiovascular Disease

According to data from the Canadian Community Health Survey, an estimated
61.9% of the Canadian adult population was overweight or obese in 2008 (Statistics
Canada, 2010). When compared to the Canadian obesity rate of 14% in 1978-9
(Tjepkema, 2005), it is apparent that the prevalence of obesity is increasing steadily.
Evidence suggests that this trend is occurring in all provinces and across socio-economic
groups (Lee et al, 2009).

In Nova Scotia specifically, the rate of overweight and obesity is even higher: an
estimated 63% of adults in this province had a self-reported BMI in the overweight or
obese range in 2009 (Statistics Canada, 2010). In this province in 2007, CVD accounted
for almost 2400 deaths, 1200 of which were attributed to IHD (Statistics Canada, 2010).

Excess body fat can be viewed as both an adverse health condition in itself and as
a risk factor for other diseases. It has been associated with the development of CVD,
type II diabetes, sleep apnea, osteoarthritis and certain types of cancer. Obesity is also
related to other risk conditions, including dyslipidemia and hypertension (Heart and
Stroke Foundation of Canada, 2006).

The presence or absence of excess body fat is one of the most important factors
affecting an individual's risk of developing CVD (Hubert et al, 1983; Welborn et al,
2003; Yusuf'et al, 2005; Li et al, 2006; Pardo Silva et al, 2006; Nusselder et al, 2009;
Baena-Diez et al, 2010; Arnlov et al, 2010; Sehested et al, 2010). The Framingham Heart

Study was among the first to identify the importance of this risk factor. It followed a



cohort of 5070 adults prospectively from 1948 and found that obesity made a significant
contribution to CVD risk independently of other obesity-related CVD risk factors, such
as diet, physical activity and diabetes (Hubert et al, 1983). Numerous other studies have
since replicated these results, reporting a relative risk of CVD due to obesity of between
1.33 and 5.9 (Welborn et al, 2003; Yusuf et al, 2005; Pardo Silva et al, 2006; Nusselder et
al, 2009; Arnlov et al, 2010; Sehested et al, 2010). The relationship has been
demonstrated in both sexes, among younger and older adults, and across a variety of
ethnic groups (Yusuf et al, 2005). Results from key studies addressing the relationship
between fat and CVD are summarized in Table 1.

The Nurses’ Health Study, another important epidemiological study, gathered
data from 121 000 female nurses beginning in 1976 and continuing biennially thereafter.
Results indicated that weight change during adulthood, as compared to self-reported
weight at age 18, was significantly associated with increased risk of coronary heart
disease. Women who gained between 4 and 10 kg during adulthood had a 27% higher
risk (RR =1.27,95% CI 1.12 - 1.45) of coronary heart disease compared to those whose
weight changed less than 4 kg (Li et al, 2006). Among women who gained greater than
40 kg, the relative risk of coronary heart disease due to weight gain was 3.86 (95% CI
3.02 - 4.94) (Li et al, 2006).

The magnitude of the relationship between obesity and CVD varies according to
which obesity measurement tool is used; several methods have been developed. Body
weight alone is considered to be of limited usefulness because the range of healthy body
weights for an individual varies greatly according to his or her height. Perhaps the most

commonly used measure of obesity is the Body Mass Index (BMI), which is a tool used
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to assess weight while controlling for height. In this way, it allows objective
comparisons of the weights of individuals of different heights. It is calculated by
dividing an individual's weight by the square of his or her height, and is therefore
measured in units of kg/mz. Health Canada’s BMI classifications, as taken from their
2003 document Canadian Guidelines for Body Weight Classifications, are outlined in

Table 2.

Table 2 - Health Canada body weight classification system according to BMI (2003)

BMI level (kg/mz) Classification
<18.5 Underweight
18.5-24.9 Normal weight
25.0-29.9 Overweight
30.0 and over Obese

30.0 - 34.9 Obese Class |
35.0-39.9 Obese Class 11
=40.0 Obese Class 111

However, some evidence suggests that BMI is not accurate in assessing obesity or
adiposity in all individuals, specifically because of its inability to distinguish between
adipose tissue and lean muscle mass. As part of the National Health and Nutrition
Examination Survey, both BMI and body fat percent were measured in 13 601 adults, and
the correlation between the measurements was assessed. Using BMI measurements to
define obesity resulted in 19% of the men and 24% of the women being classed as obese,
while using body fat percent resulted in 44% of the men and 52% of the women being
classed as obese (Romero-Corral et al, 2008). Body mass index as a tool to detect body
fat percent-defined obesity had a high specificity (95% in men, 99% in women) but a low
sensitivity (36% in men, 49% in women) (Romero-Corral et al, 2008). Therefore, most

of the people classified as obese using BMI were obese according to body fat percent, but



there were a considerable number of people who were obese according to body fat
percent but whom the BMI failed to capture.

Body mass index has also been criticized for its inability to account for
distribution of body fat. Abdominal obesity specifically has been associated with greater
cardiovascular health risk than overall obesity (Welborn et al, 2003; Yusuf et al, 2005;
Price et al, 2006; Winter et al, 2008; Sehested et al, 2010), and for this reason, waist
circumference and waist-to-hip ratio are often used instead of, or in addition to, BMI.
Because of the differing body proportions between men and women, sex-specific cut-off
points have been determined. Males are considered to have an increased risk of
abdominal obesity-related outcomes if their waist circumference is greater than or equal
to 102 cm, while the cut-off point for females is greater than or equal to 88 cm (Health
Canada, 2003). Similarly, males are considered to have increased risk if their waist-to-
hip ratio is greater than or equal to 1.0, and females if their waist-to-hip ratio is greater
than or equal to 0.85 (World Health Organization, 2000).

The relationship between obesity and CVD has also been demonstrated for
specific cardiovascular outcomes. Obesity is associated with an increased risk of chronic
heart failure (Baena-Diez et al, 2010), stroke (Winter et al, 2008) and CVD-related
mortality (Price et al, 2006).

Individuals with obesity experience a lower life expectancy, and can expect fewer
CVD-free years, than their normal weight counterparts. Using information from the
Framingham Heart Study, age of CVD development, length of time affected by CVD,
and life expectancy was determined in 5209 subjects. Results showed that, on average,

overweight individuals had lower total life expectancy than normal weight individuals



(1.3 years for males and 1.0 years for females). Differences were also seen in CVD-free
years, with overweight individuals being diagnosed with CVD earlier than their normal
weight counterparts (3.1 years for males and 2.9 years for females) (Nusselder et al,
2009). For this reason, overweight and obese individuals tended to have more years of

living with CVD.
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2.2 Physical Activity and Cardiovascular Disease

Physical inactivity has been identified as an important risk factor for CVD (Mora
et al, 2007; Nocon et al, 2008; Sofi et al, 2008; Kodoma et al, 2009). An inverse, linear
dose-response relationship has been established between the amount of physical activity
and CVD incidence and mortality (Haennel & Lemore, 2002; Sofi et al, 2008), and also
between level of physical fitness and risk of CVD events (Kodoma et al, 2009). The term
physical activity refers to behaviour that expends calories, while physical fitness refers to
a physiological state that can be influenced by participation in physical activity, as well
as other factors such as genetic predisposition. Thus, while physical fitness and physical
activity are two separate but highly related concepts, they are often studied together to
gain a better understanding of the relationship with CVD. For this reason, for the
purpose of this literature review, studies examining these topics will be summarized
together.

The relationship between physical activity and CVD mortality is well established,
as seen in the studies outlined in Table 3. A recent meta-analysis examining data from
883 373 subjects in 33 cohort studies determined that a high level of physical activity or
fitness was associated with a relative risk of cardiovascular mortality of 0.65 (95% CI
0.60 - 0.70) (Nocon et al, 2008). Other large meta-analyses have reached very similar
conclusions, suggesting a relative risk of cardiovascular disease due to a high level of
physical fitness and/or physical activity of 0.64-0.73 (Hamer & Chida, 2007; Sofi et al,
2008; Kodoma et al, 2009).

Participation in physical activity has also been associated with various CVD risk

factors. For example, one study found that 59% of the reduction in CVD attributed to

11



physical activity was actually occurring through the mediating effects of other risk
factors; specifically inflammatory markers, blood pressure, blood lipids and BMI (Mora
et al, 2007). Increased amounts of physical activity have also been significantly
associated with other CVD risk factors, including lower levels of weight, waist
circumference, diastolic blood pressure, total cholesterol, low-density lipoproteins and
triglycerides (Aadahl et al, 2009).

There have been conflicting recommendations regarding the frequency, duration
and intensity of exercise needed to decrease the risk of poor cardiovascular outcomes. A
review of the literature determined that an energy expenditure of approximately 1000
kilocalories (4200 kilojoules) per week is likely sufficient to result in a protective effect
against CVD development (Haennel & Lemire, 2002). A more recent review of the
literature also reached this conclusion (Warburton et al, 2008). In an average individual
that spends 60 calories per kilometer, approximately 1000 kilocalories could be expended
by walking 125 city blocks, or 16km. With a walking speed of 6km/hour, the
expenditure of 1000 kilocalories per week would be similar to the current Canadian
guidelines for physical activity, which suggest that adults participate in at least 30
minutes of moderate physical activity, for example, walking briskly, most days of the
week (Haennel & Lemire, 2002). More recent American guidelines are comparable,
recommending that adults participate in moderate-intensity activity for at least 30 min per
day, five days per week, or vigorous-intensity for at least 20 minutes, three days per week
(Haskell et al, 2007).

The Canadian guidelines are currently under review, with the proposed new

guidelines identifying a target of 150 minutes per week of moderate physical activity. An

12



analysis of accelerometer data from the 2007-2009 Canadian Health Measures Survey
recently concluded, however, that only 17% of Canadian men and 14% of Canadian
women are meeting these new targets (Colley et al, 2011).

Physical activity can also be broadly classified as leisure-time, occupational,
transportation and household chores (Armstrong & Bull, 2006). The two most frequently
studied are leisure-time and occupational, both of which have been shown to influence
CVD risk (Altieri et al, 2004; Probert et al, 2008; Sofi et al, 2008). Predictably,
individuals who participate in the highest levels of both leisure-time and occupational
physical activity demonstrate the greatest reduction in CVD risk (Probert et al, 2008).

Recently, there has been interest in evaluating the risks associated with lack of
occupational physical activity, also known as occupational sitting. A systematic review
of the literature concluded that while case-control studies did suggest a possible link
between occupational sitting and BMI, the prospective studies were inconclusive (Van
Uffelen et al, 2010). However, the prospective studies examined did suggest that
occupational sitting was associated with risk of diabetes mellitus and all-cause mortality
(Van Uftelen et al, 2010). High amounts of sitting time throughout the day have also
been associated with increased risk of cardiovascular mortality (Katzmarzyk et al, 2009).
The risks of occupational sitting are particularly concerning because data compiled from
the National Population Health Surveys and Canadian Community Health Surveys show
that while leisure- and transportation-related physical activity increased among Canadian
adults between 1994 and 2005, occupational physical activity decreased significantly
(Juneau & Potvin, 2010).

In the majority of studies, physical activity is assessed by asking the participants

13



about their frequency, duration and intensity of exercise. However, there are concerns
with respect to the accuracy of information when assessing physical activity through self-
report measures, with some evidence suggesting that individuals’ estimations of their
activity levels are often significantly higher or lower than their actual participation
(Prince et al, 2008). Despite this, self-report is the accepted standard for measuring
physical activity, and for a large sample size, self-report is the most practical method.
Also, the use of self-reported physical activity has some value from a practical
standpoint, as this is the method that clinicians would generally use to assess physical
fitness and make recommendations to their patients. Some examples of physical activity
assessment tools that use self-report data include the Global Physical Activity
Questionnaire, the Baecke Physical Activity Questionnaire and the Paffenbarger Physical

Activity Questionnaire (National Cancer Institute, 2010).
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2.3 Obesity, Physical Activity and Cardiovascular Disease

It is widely accepted that there are major adverse health outcomes related to
obesity (Hubert et al, 1983; Welborn et al, 2003; Yusuf et al, 2005; Li et al, 2006; Pardo
Silva et al, 2006; Nusselder et al, 2009; Baena-Diez et al, 2010; Arnlov et al, 2010;
Sehested et al, 2010), and that physical activity can have significant health benefits
(Altieri et al, 2004; Hamer & Chida, 2007; Mora et al, 2007; Nocon et al, 2008; Probert
et al, 2008; Sofi et al, 2008; Kodoma et al, 2009). As seen in Table 3, several studies
have also examined the interactions between physical activity and obesity. These studies
demonstrated that the protective effects of exercise are present even among obese
individuals (Church et al, 2005; Li et al, 2006; Sui et al, 2007; Wing et al, 2007; Orsini et
al, 2008; Weinstein et al, 2008). Therefore, even as the proportions of overweight and
obese individuals in society continue to increase, there are behaviors that can help to
protect these individuals from adverse cardiovascular outcomes.

As seen in Table 4, studies examining the relationship between excess body
weight, physical activity or fitness and CVD traditionally use individuals of normal
weight and high activity or fitness level as the reference group. Normal weight
individuals with moderate or low activity or fitness then have been shown to have a
relative risk of CVD of between 1.3 and 2.7 (Church et al, 2005; Li et al, 2006; Orsini et
al, 2008). Among overweight individuals, again comparing to the normal weight and
high activity group, the relative risk of CVD for high activity or fitness level has been
estimated at between 1.4 and 1.5 (Li et al, 2006; Weinstein et al, 2008). Statistically
significant estimates of the relative risk of CVD for overweight individuals with

moderate or low activity has been shown to lie between 1.4 and 2.7 (Church et al, 2005;
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Li et al, 2006; Orsini et al, 2008; Weinstein et al, 2008).

It is more difficult to study these relationships among obese individuals. Excess
body weight and physical activity or fitness level have, themselves, been shown to be
inversely correlated, such that there are relatively few individuals in the highest category
of body weight who are in the highest physical activity category. However, the
information available suggests that obese individuals who are in the highest activity
group may have a relative risk of CVD of between 1.9 and 2.5 (Li et al, 2006; Weinstein
et al, 2008), while those in the moderate or low activity groups may have a relative risk
of CVD of between 1.9 and 3.4 (Church et al, 2005; Li et al, 2006; Orsini et al, 2008;
Weinstein et al, 2008).

Because of the multiple obesity and physical activity categories examined in these
studies, the overall patterns can be difficult to interpret. Therefore, Table 5 displays an
overview of the results of the studies included in the literature. The differences in
classification of high, moderate and low levels of physical activity between studies is
clearly a limitation when comparing their results; however, the general trend seen in
Table 4 suggests that CVD risk increases with higher body weights and lower physical
activity or fitness.

Table 5 — Summary of results (expressed in Relative Risks or Hazard Ratios) of
studies examining relationship between obesity, physical activity and CVD

Physical activity or fitness
Body High Moderate or low
weight | [ can 1.0 (referent) 1.3-2.7
Overweight 14-1.5 1.4-2.7
Obese 1.9-25 1.9-34
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As with the relationship between physical activity and CVD risk outlined above,
some of the association between obesity, physical activity and CVD may be due to
mediating effects of other related factors. However, there is some evidence showing that
obesity and physical activity are likely to each influence different cardiovascular risk
factors (Wing et al, 2007). For example, physical fitness has been shown to have a
significant association with blood glucose control and Framingham risk score, while
excess body weight has been shown to be significantly associated with systolic blood
pressure (Wing et al, 2007).

This topic is complex and rapidly evolving, and there is no decisive conclusion
regarding which of obesity or physical fitness has the stronger influence on
cardiovascular risk. Some evidence has even suggested that lean sedentary men are at
higher risk of CVD mortality than overweight active men (Li et al, 2006). However, the
majority of findings show that although increasing levels of physical activity or fitness do
mitigate some of the risk, cardiovascular risk continues to increase with greater body
mass (Church et al, 2005; Li et al, 2006; Sui et al, 2007; Orsini et al, 2008; Wing et al,
2007; Weinstein et al, 2008). In other words, overweight and obese individuals cannot
“exercise away”’ their excess cardiovascular risk — even with high physical fitness they

will still experience an excess risk due to their weight.
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2.4 Inflammation and Cardiovascular Disease

In addition to the traditional cardiovascular risk factors such as diet, obesity,
physical activity and serum cholesterol, inflammation is increasingly being recognized as
a significant predictor of cardiovascular risk. Inflammation in the body can result from a
variety of physical conditions, including infection (Agapakis et al, 2010), physical trauma
such as surgery (Shen et al, 2009), and cancer (Prizment et al, 2011). A variety of
inflammatory markers have been investigated in the literature, including C-Reactive
Protein (CRP), Interleukin-6 (IL-6), fibrinogen and soluble intercellular adhesion
molecule-1 (ICAM). There is mounting evidence of a relationship between elevated
levels of inflammation and risk of CVD development (Panagiotakos et al, 2008; Buckley
et al, 2009). The Cardiovascular Health Study was a longitudinal study examining
various factors associated with the development of incident coronary heart disease among
3971 older adults. Participants were grouped by CRP level according to current practice
guidelines of the American Heart Association, whereby CRP levels were divided into
three levels of risk: less than 1.0 mg/L was considered low risk, 1.0 - 3.0 mg/L
considered average risk, and greater than 3.0 mg/L classified as high risk (Pearson et al,
2003).

Results showed that the highest CRP levels tended to be associated with being
female and black, as well as with the presence of obesity, aspirin use, low levels of high
density lipoprotein, hypertension, diabetes and smoking. After adjusting for these
variables, the highest CRP level of >3 mg/L was associated with a 45% increased risk of
coronary heart disease (Cushman et al, 2005). The population attributable risk was also

calculated and it was further determined that if the elevated CRP levels could be
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corrected, up to 11% of the incident coronary heart disease in this age group could be
eliminated (Cushman et al, 2005). Other studies have cited inflammation as one of the
most important predictors of cardiovascular disease development (Panagiotakos et al,
2008).

Not only have inflammatory markers been shown to have predictive value
regarding the risk of developing CVD, evidence suggests they may also have prognostic
value once a cardiovascular event has already occurred (Den Hertog et al, 2009). In a
study of outcomes after ischemic stroke, blood samples were taken within 12 hours of
symptom onset and CRP levels were analyzed. Patients with high levels of CRP (>7
mg/L) at hospital discharge had significantly higher risk of disability and death at 3
months than those with CRP levels less than 7mg/L (Den Hertog et al, 2009). This
pattern has also been demonstrated in IHD, with increased levels of CRP 10 weeks after a
first episode of myocardial infarction being significantly predictive of future episodes of
infarction or cardiovascular mortality (Marcinkowski et al, 2007).

It is possible that inflammation may act as a mediating variable in the afore-
mentioned relationship between obesity and CVD. Evidence suggests a significant
positive association between a variety of inflammatory markers and excess body weight
(Pitsavos et al, 2007; Wee et al, 2008; Compher & Badellino, 2008; Agrawal et al, 2009).
This relationship is strengthened by the fact that weight loss, achieved through diet or
gastric surgery, is associated with significant reductions in CRP levels (Agrawal et al,
2009). Some evidence suggests that the adipose tissue itself, which has been recognized
as an organ capable of regulating body processes and secreting hormones, may be

responsible for the increased inflammation among obese individuals (Stenho-Bittel,
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2008). Measures of abdominal obesity, like waist circumference and waist-to-hip ratio,
show a particularly strong relationship with inflammation (Pitsavos et al, 2007; Wee et al,
2008).

It is also plausible that inflammation could play a mediating role in the
relationship between physical activity and CVD. An analysis of the relationship between
CRP and physical activity was completed with the data from the ATTICA study. Results
showed a significant, inverse, dose-response relationship between physical activity and
CRP (Pitsavos et al, 2007). In this population, individuals with high CRP were also more
likely to have high blood glucose, hypertension, higher waist-to-hip ratio and higher
levels of smoking (Pitsavos et al, 2007). Other evidence has also supported the
relationship between physical activity and inflammation (Arikawa et al, 2010). It should
be noted, however, that a recent intervention study in which subjects participated in a 6-
month exercise program concluded that the significant improvements in CRP levels that
were observed were actually associated with weight loss as opposed to increases in

physical fitness (Stewart et al, 2010).
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2.5 Summary

The variables that were examined in this literature review are the key variables
involved in this study. In summary, the risk of CVD is associated with many factors, and
the interactions between these variables can be complex; obesity has been shown to
increase cardiovascular risk (Welborn et al, 2003; Yusuf et al, 2005; Li et al, 2006; Pardo
Silva et al, 2006; Nusselder et al, 2009; Arnlov et al, 2010; Sehested et al, 2010), and
physical activity has been shown to decrease risk (Mora et al, 2007; Nocon et al, 2008;
Sofi et al, 2008; Kodoma et al, 2009). Although debate continues, it appears that even
with high levels of physical activity, overweight and obese individuals will continue to
experience greater cardiovascular risk than normal weight individuals. Therefore, the
incorporation of physical activity into the life of an obese sedentary individual would
have a protective effect on cardiovascular risk, but only a combination of physical
activity and weight loss could fully eliminate the excess risk.

Additionally, the importance of inflammation, as both a predictive and prognostic
tool, is increasingly being recognized. It is possible that inflammation may act as a
mediating variable in the afore-mentioned relationships between obesity and CVD, and
physical activity and CVD. In other words, inflammation may provide important insight
into these complex and important relationships.

Ischemic heart disease is responsible for a large proportion of CVD morbidity and
mortality. Therefore, although the majority of studies included in this literature review
use the broader category of CVD morbidity or mortality as an outcome, the results from
these studies also serve to inform the relationships between obesity, physical activity,

inflammation and IHD.
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Chapter 3
Objectives And Methods

3.1 Objectives and Hypotheses

3.1.1 Objectives

The three main objectives for this study are:

1. To determine:
a) the association between excess body fat and excess abdominal fat, and
incident IHD among men and women;
b) the association between excess body fat and excess abdominal fat, and
inflammatory markers among men and women;
c) the association between inflammatory markers and incident IHD among men
and women,;
d) how the relationship between excess body fat and excess abdominal fat, and

incident IHD may be mediated by inflammatory markers among men and women.

2. To determine:
a) the association between physical activity and incident IHD among men and
women;
b) the association between physical activity and inflammatory markers among
men and women;
c¢) how the relationship between physical activity and incident IHD may be

mediated by inflammatory markers among men and women.
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3. To create a final model describing the relationship between excess body fat and excess
abdominal fat, physical activity, inflammatory markers and development of

incident IHD.

3.1.2 Hypotheses

As seen in Figure 1, it is hypothesized that individuals with higher body fat (as
measured by BMI) and greater abdominal obesity (as measured by waist circumference
or waist-to-hip ratio) will be at increased risk of developing IHD compared to their
lower-fat counterparts.

Figure 1 — Conceptual framework of the hypothesized relationship between
excess body fat, physical activity, inflammatory markers and IHD
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Similarly, it is predicted that individuals with lower levels of physical activity will

be more likely to develop IHD than their active counterparts for any given body weight.
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It is further hypothesized that inflammation will be a mediating variable in each of these

relationships. These hypotheses are based on the related literature.
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3.2 Methods
3.2.1 Overview

This project consists of a secondary analysis of data collected for a previous
investigation that examined the relationship between depression, inflammatory markers
and CVD (Davidson et al, 2009). Risk factors were measured during the 1995 Nova
Scotia Health Survey (NSHS), which gathered health and lifestyle information on 2658
Nova Scotians. The outcomes, IHD morbidity and mortality, were measured by
examining participants’ hospitalization records and vital statistics between 1995 and
2005. The current project uses a subset of this linked data to examine the relationship
between excess body fat, physical activity, inflammatory markers and development of
[HD.

Certain inclusion criteria were applied for the previous study, which therefore
apply to the present study. Because the risk of CVD events increases with age, and the
presence of CVD events is very rare in individuals younger than 45 years of age, only
individuals over 45 years of age were included. Additionally, the study was examining
incident CVD, not recurrent disease, so individuals with pre-existing CVD were
excluded. Of the 1271 participants over age 45 years without pre-existing CVD, one
hundred eleven (9%) refused to provide consent for the linkage of their data with their
health records. Blood samples were not available for 150 (12%) individuals, due to either
their refusal or inappropriate handling of the samples. Twelve (0.9%) individuals were
excluded because of incomplete depression scores, and 11 (0.8%) had no health outcome
data available. These exclusions resulted in a sample size of 987.

Figure 2 describes the sample size reductions used in the previous study,
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beginning with the initial 1995 NSHS recruitment.

Figure 2 - Reductions of sample size used in Davidson et al study
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y
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y
1160 (consent for health
record linkage

y
1114 (provided blood
samples)

!

1010 (sufficient quantity
of stored blood for
analysis)

987 (no missing exposure
or outcome data)

3.2.2 Data Sources
The afore-mentioned Davidson et al study, examining the relationship between

inflammation, depression and CVD, linked baseline exposure data from the 1995 NSHS
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with cardiovascular hospitalization data from the Canadian Institute for Health
Information (CIHI) and mortality data from the Vital Statistics Database between 1995
and 2005. These databases were accessed via the Population Health Research Unit,
housed in the Department of Community Health and Epidemiology at Dalhousie
University. Blood samples that were drawn for the 1995 NSHS were analyzed by the
Davidson et al study to obtain serum levels of the inflammatory markers CRP, ICAM and
IL-6.

The 1995 NSHS was a population-based survey designed to assess the health of
residents of Nova Scotia based on selected health indicators (physiological, psychosocial,
demographic) and relevant health behaviors. This survey used a stratified-random
sample with over-sampling of younger age groups and regions outside of Halifax
(specifically, rural and remote areas). As described in Figure 2, 5578 Nova Scotians age
18 and over were selected using probability sampling methods from the provincial health
insurance registry, the Medical Services Insurance database. Eighty-three percent of
these individuals were located and contacted. Three percent of those located were not
included due to pregnancy, breastfeeding, disability or significant ill-health. There were
two components to the survey. The home interview was completed by 3227 subjects
(72% of the remaining sample), and the clinic visit was completed by 2658 subjects
(59%).

Data was collected by trained public health nurses during face-to-face interviews
in the subjects' homes, as well as at clinic visits. The interview consisted of a trained
nurse reading a structured questionnaire to the participant. On average, this took about

1.5 hours. During the clinic visit, height, weight and blood pressure were measured and a
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blood sample was taken. All participants provided informed consent for participation,
and signed an optional consent to link to health records. No information was gathered on
individuals in the Royal Canadian Mounted Police, Canadian Military and First Nations
natives on reserves because of their alternate sources of health insurance. Due to the
relatively small representation of these groups in Nova Scotia, the sample who completed
the original survey can be considered representative of the general provincial population
(Nova Scotia Department of Health, 1996).

Development of CVD was measured by assessing the frequency of
cardiovascular- or circulation-related hospitalizations, as identified by International
Classification of Disease (ICD)-9 codes and ICD-10 codes. Mortality data were available
through the vital statistics information which is collected regardless of whether the
individual dies in a hospital, a long-term care facility or at home. International
Classification of Disease-9 codes and ICD-10 codes were used to specify cause of death.
Ischemic heart disease, as opposed to the broader category of CVD, was the focus of the
current study because IHD makes up the majority of CVD. Other CVD outcomes, such
as stroke and peripheral vascular disease, were not included because of the vast
heterogeneity of CVD; there may be different mechanisms of action involved in these
processes. Prior to beginning data analysis, the study proposal was evaluated by the

Dalhousie University Health Sciences Research Ethics Board.

3.2.3. Measurement

3.2.3.1 Exposure Variables

Overweight and obesity was measured using BMI, waist circumference and waist-
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to-hip ratio. These measurements were taken during the NSHS clinic visits. Physical
activity was measured on the "Physical Activity" section on the 1995 NSHS. Questions
assessed frequency of leisure time physical activity and incidental activity (flights of
stairs climbed, city blocks walked) as well as participation in both light and strenuous
sports. Regular physical activity was defined as exercising at least once per week.
Participation in light and strenuous sports were each measured by hours of participation
in the previous week. Following methods used by Davidson et al (2009), results from
these individual physical activity-related questions were combined to estimate each
individual’s Paffenbarger physical activity score. This provides an estimation of weekly
energy expenditure, and is measured in kilocalories per week.

Blood samples were collected and stored as part of the 1995 NSHS. As part of
Dr. Davidson's National Institutes of Health-funded study on inflammation, depression
and CVD risk, these samples were thawed and analyzed to obtain participants' baseline
CRP, IL-6 and ICAM levels. Levels of CRP have been shown to remain stable during
long-term storage, with a correlation of greater than 0.90 after 13 years (Ishikawa et al,
2007). A Dade Behring Cardiophase latex-enhanced immunonephelometry assay was
used to measure the CRP levels, and a Quantikine high-sensitivity enzyme-linked
immunosorbent assay kit was used to measure the levels of IL-6. Intercellular adhesion
molecule levels were measured with a commercially-available enzyme-linked

immunosorbent assay Kkit.

3.2.3.2 Outcome Variables

In this study, the morbidity and mortality outcomes are recorded as ICD-9 codes
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(410.x — 414.x) and ICD-10 codes (120.x — 125.x), corresponding to IHD. These ICD
codes have adequate sensitivity and specificity to accurately represent the presence of

their associated conditions (Birman-Deych, 2005).

3.2.3.3 Other Covariates

Data on additional covariates were collected during the 1995 NSHS, and were
included in the statistical analysis to examine their potential influence on the relationships
of interest. Diet, however, is a potentially important covariate for which we had little or
no exposure data. Diet is often an important contributor to obesity, and certain aspects of
diet have been associated with risk of CVD development. Although the 1995 NSHS
collected minimal information on diet, it did assess serum cholesterol and triglyceride
levels, which capture a component of diet.

Hypertension is a risk factor for cardiovascular disease and may be influenced by
both physical activity and obesity. Blood pressure was measured by study nurses twice
during the 1995 NSHS clinic visit, and the two readings were averaged. Information on
presence of diabetes was also gathered, as diabetes may be associated with both the
exposures and outcome of interest.

Alcohol intake and smoking were examined to determine their importance as
covariates. Smoking behaviour was assessed with the survey question, “At the present
time, do you smoke cigarettes?”” Alcohol consumption, as measured by number of drinks
per week, was not included in the final analysis because of the very high rate of missing
observations (34.1%).

Because family history can contribute to CVD or obesity development, and likely

36



influences physical activity habits, data on parental history of heart attack prior to age 60

years was included in the analysis.

3.2.4 Statistical Analysis

All statistical analyses were conducted using SPSS, version 17.0, available
through the Department of Community Health and Epidemiology at Dalhousie
University. Descriptive statistics were performed initially. The variables were examined
to determine their ranges and assess the data for outliers. Each of the continuous
variables was examined graphically using probability plots to determine whether it was
normally distributed.

The sample was divided into physically active and physically inactive groups. A
Paffenbarger score of 1000 kcal/week was used as the cut-off point, based on evidence in
the literature (Warburton et al, 2008). The characteristics of the two groups, physically
active and physically inactive, were compared to determine similarities and differences
between the two groups. The sample was then divided into overweight and non-
overweight groups, using the standard BMI cut-off of 25 kg/m* (Health Canada, 2003),
and the two groups were compared. Differences between continuous, normally
distributed variables were analyzed using Student T-tests, while those that were not
normally distributed were analyzed using the Mann-Whitney Test. Differences between
categorical variables were assessed using Chi-square tests. Statistical significance was
assessed based on a p-value of less than 0.05.

Analytic statistics were used to determine the role of inflammation in the

relationship between obesity and IHD, and physical activity and IHD. Cox proportional
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hazards regression, a form of survival analysis, was used because although most of the
participants entered the study at the same time, those experiencing incident IHD events
exited the study at different times. Therefore, this method of analysis accounted for the
differences in length of follow-up between the participants.

Two of the options available in the SPSS software were used when building the
statistical models. The Enter method forced all selected variables into the final model. It
ensured that a relative risk and p-value would be displayed for each variable, regardless
of whether or not it was statistically significantly associated with the outcome. The
Forward Stepwise Likelihood Ratio was used when only the statistically significant
results were of interest. With this option, a variable entered the regression model if its
inclusion caused a significant (p<0.05) change in the -2 Log Likelihood from the
previous step or block. The variable remained in the model if its removal caused a
significant (p<0.10) change in the -2 Log Likelihood. All analytic statistics were
completed separately for males and females.

Because the units of the fat-related variables differ, standardization of the
variables was performed to allow for a more appropriate comparison of each variable’s
individual association with IHD. When a variable is standardized using a Z-score, its
mean becomes zero and each standard deviation becomes 1.0.

To provide information about the relative importance of obesity, physical activity
and inflammation in IHD risk at the population level, the Population Attributable Risk %
was calculated. For each key risk factor, this was done by subtracting the proportion of
unexposed individuals who developed IHD from the total proportion of individuals who

developed IHD, and then dividing by the total proportion of individuals who developed
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IHD. This number was then multiplied by 100 to obtain the Population Attributable Risk

% (Oleckno, 2002).
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Chapter 4
Results

4.1 Descriptive Statistics

There were 8181 person-years of follow-up data available for analysis. The
average length of follow-up was 8.27 years. One hundred forty-eight incident IHD
events occurred: 81 among the 474 males (5 of which were fatal) and 67 among the 515
females (5 of which were fatal).

The group of 989 males and females was explored to examine some of the
characteristics of the sample. It was determined that BMI, Paffenbarger physical activity
score, triglycerides, I[CAM, IL-6 and CRP were not normally distributed, and therefore
the median, interquartile range (IQR) and Mann-Whitney test were used in the
descriptive analyses of these variables. Baseline characteristics of the sample are
displayed in Table 7. When missing data resulted in calculations being completed with
fewer than 989 subjects, the number is specified.

The mean age of the participants was 62 years. The mean BMI of participants
was 27, which is classified by Health Canada (2003) as overweight. Twenty percent of
the sample reported that they were current smokers, and the average number of drinks in
the last week was 3.5. Over one quarter of the participants reported that their
occupational level was in executive, administrative, managerial or professional.

As mentioned, the sample used in the 1995 Nova Scotia Health Survey was
considered representative of the overall Nova Scotia population. To determine whether
the subset of 987 used in this study remained similar to the original survey sample, the

groups were compared on key demographic characteristics (see Table 8).
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Table 7 - Baseline characteristics of population-based sample of 989 ischemic heart
disease-free men and women, age 45 to 98 years (1995 NSHS)

Variable Mean (SD), Median (IQR)
or % (Number), specified
by superscripts

Age (years) ' 61.7 (11.6)

Length of follow-up (years) ! 83 (2.9)

Sex Males 48 474)

Females 52 (515)

BMI (kg/m?) * 270 (6.5)

Waist circumference Males 98 (11.9)

(cm) ' n=986 Females 86  (13.2)

Waist-to-hip ratio ! Males 1.0 (0.1)

n=986 Females 0.8 (0.1)

Paffenbarger score (kcal/week) 2 1400 (2700)

Inflammatory markers CRP (mg/L) % 1=986 22 (3.7

ICAM (ng/mL) =987 340 (190)
IL-6 (pg/mL)” n=978 1.4 (1.5)
Cholesterol Total cholesterol (mmol/L) ! 5.7 (1.1
LDL (mmol/L) ' n=953 35 (0.9)
HDL (mmol/L) ' 13 (04)
Triglycerides (mmol/L) > 1.7 (1.2)
Blood pressure ! Systolic (mmHg) n=988 132 (17)
Diastolic (mmHg) n=986 79 ©)

Number of drinks in last week ' n = 652 3.5  (6.3)

Current smoker ° 20 (202)

Diabetes Mellitus > 6.1  (60)

Medication Use ~ Aspirin 62 (61)

Lipid-lowering 24 (24)
Anti-hypertensive 19 (189)
Occupational level 3 Executive, administrative, managerial, 28 274)
n=887 professional
Technical and related support 53 (52
Administrative support 9.9  (98)
Marketing, sales, service 23 (231)
Agricultural, forestry, fishing, craft, 24 (232)
repair, labour

' Mean (SD) reported
? Median (IQR) reported
3 Percent (Number) reported
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Table 8 - Comparison of original sample from 1995 Nova Scotia Health Survey with
sample from current study on key demographic characteristics

Variable Means or proportions in Means or proportions among
current study males and females >35 years,
n=989 in 1995 Nova Scotia Health

Survey*
n=1836

Males (%) 48 49

Overweight (%) 66 63

(BMI >25 kg/m2)

Inactive (%) 42 45

(report no physical activity, or
Paffenbarger score <1000 kcal/week)

Total cholesterol 5.7 5.5
(mmol/L)

HDL cholesterol 1.3 1.3
(mmol/L)

LDL cholesterol 3.5 34
(mmol/L)

Triglycerides 2.0 1.9
(mmol/L)

High blood pressure (%) 23 38
(>140/90 mmHg and/or on anti-HTN

medication)

Regular smoking (%) 20 24
Diabetes (%) 6 7

Data from the 1995 Nova Scotia Health Survey Executive Summary (Nova Scotia
Department of Health & Heart Health Nova Scotia, 1996)

The sample for the current study was limited to individuals >45 years of age with
no prior history of IHD, while the calculations for the Nova Scotia Health Survey sample
was performed on individuals >35 years, due to the age group divisions presented. In the
current sample compared to the original sample, there appeared to be roughly similar
proportions of overweight and obese individuals (66% and 63%), regular smokers (20%
and 24%), and diabetes (6% and 7%). High blood pressure, as defined by a blood
pressure greater than 140/90 mmHg and/or use of anti-hypertension medication, was

more prevalent in the original sample versus the current study sample (38% compared to

42



23%). There appeared to be a similar proportion of inactive individuals (42% compared
to 39%), however in the 1995 Nova Scotia Health Survey this was defined as reporting
no participation in physical activity and in the current study this was defined as a
Paffenbarger Score of less than 1000 kcal/week. On the majority of these characteristics,
the current study sample appeared to be very similar to the original sample and therefore
it is likely that the current study remains representative of the broader Nova Scotia
population.

The study group was then divided into normal weight and overweight subjects
according to BMI, and T-tests, Chi Square statistics and Mann-Whitney tests were used
to determine if the groups differed with respect to any of the variables of interest. Results
are displayed in Table 9.

The overweight subjects in this sample differed significantly from the normal
weight subjects with respect to age, sex, CRP, IL-6, HDL, triglycerides, systolic blood
pressure, diastolic blood pressure and reported alcohol consumption. Overall, the
overweight individuals compared to the normal weight individuals were 3.3 years
younger, had serum HDL measurements 0.2 mmol/L lower, serum triglycerides
measurements 0.5 mmol/L higher, systolic blood pressure readings 6 mmHg higher,
diastolic blood pressure readings 6 mmHg higher and reported consuming approximately
1.0 more alcoholic drinks per week. These findings suggest that the overweight subjects
appear to have increased cardiovascular risk compared to the normal weight subjects.
Fifty-one percent of the overweight group was male and 49% was female, while the
normal weight group was made up of 41% males and 59% females. There were no

significant differences noted between the overweight and normal weight groups’ physical
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activity scores, LDL or total cholesterol measurements, years of schooling, reported
smoking behavior, diabetes prevalence or occupation level.

The group was then divided by physical activity according to a cut-off value of 1000
kcal/week, which is an established cut-off point for the definition of moderate
participation in physical activity (see Section 2.2 of the Literature Review). Results are
displayed in Table 10. The inactive subjects, on average, fared worse than active
subjects; they were 4.4 years older, had triglyceride readings 0.6 mmHg higher, BMI
values 1.0 kg/m? higher, systolic blood pressure measurements 5 mmHg higher, and 0.4
fewer years of schooling compared to the active subjects. Forty percent of the inactive
group was male and 60% was female, while the active group contained 53% males and
47% females. The groups did not differ significantly with respect to serum cholesterol,
LDL or HDL results, diastolic blood pressure, reported alcohol consumption, reported

smoking behavior, diabetes prevalence or occupational level.
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Table 9 — Comparison of variables between normal weight and overweight groups
according to BMI (1995 NSHYS)

Variable Mean (SD), Median (IQR) or Percent Significance
(Number), specified by superscripts
Normal weight Overweight (BMI
(BMI =<24.9 kg/m?) | =>25.0 kg/m?)
n=333 n=656
Age (years) ' 639 (11.9) 60.6 (11.2) 0.000
Male * 41 (137) 51 (337) 0.002
Paffenbarger score (kcal/week) 2 1500 (2500) 1300 (2800) 0.667
CRP (mg/L) 2 n=986 1.4 (2.7) 2,6 (45) 0.000
ICAM (ng/mL) 2 1=987 339 (192) 343 (188) 0.273
IL-6 (pg/mL) > n=978 12 (1.5 1.5 (1.5 0.000
Total cholesterol (mmol/L) ! 5.6 (1.0) 5.8 (L.1) 0.058
LDL (mmol/L) 1h=953 35 (0.9 3.6 (0.9) 0.455
HDL (mmol/L) ! 1.4 (0.4) 12 (0.3) 0.000
Triglycerides (mmol/L) 2 14 (0.9) L9 (1.3) 0.000
Systolic blood pressure (mmHg) ' 128 (17) 134 (17) 0.000
n=988
Diastolic blood pressure (mmHg) ' 8 81 (9) 0.000
n=986
Number of drinks in last week ! 28 (5.3) 3.8 (6.7) 0.041
n=652
Current smoker 3 23 (77) 19 (125) 0.134
Diabetes 5.7 (19) 63 (41 0.735
Aspirin medication 3 72 (24) 56 (37 0.333
Lipid-lowering medication 3 L5 (5 29 (19 0.178
Anti-hypertensive medication 3 16 (54 21 (135) 0.099
Education (years) 3 =982 3.7 (12) 25 (12) 0.980
Occupation | Executive, 29 (95) 27 (179) 0.092
level 3 managerial and
n=887 professional
Technicians 48 (16) 5.5  (36)
Administrative 12 (39) 9.0 (59
support
Marketing, sales and | 26 (85) 22 (146)
service
Agriculture, forestry, | 19 (62) 26 (170)
craft, repair, labour

! Mean (SD) reported
? Median (IQR) reported
? Percent (Number) reported
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Table 10 — Comparison of variables between active and inactive groups according
toPaffenbarger physical activity score (1995 NSHS)

Variable Mean (SD), Median (IQR) or Percent Significance
(Number), specified by superscripts
Active Inactive
(Paffenbarger Score | (Paffenbarger Score
>=1000 kcal/week) <1000 kcal/week)
n =578 n =411
Age (years) ! 59.9  (10.6) 643 (12.4) 0.000
Male * 53 (308) 40 (166) 0.000
BMI (kg/m2) > 26.7  (5.8) 277 (1.7) 0.004
Waist circumference (cm) ' n=978 9%  (13) 93 (15) 0.001
Waist-to-hip ratio 1h=978 0.9 (1.0) 09 (1.0 0.174
CRP (mg/L) 2 n=986 1.7 (2.8) 32 (48) 0.000
ICAM (ng/mL)2 n=987 331 (163) 361 (216) 0.003
IL-6 (pg/mL) 2n=978 12 (1.2) 1.8 (2.0) 0.000
Total cholesterol (mmol/L) ' 56 (1.0 58 (1.1 0.060
LDL (mmol/L) T =953 3.5 (09 3.6 (1.0 0.319
HDL (mmol/L) 1 1.3 (04) 1.3 (0.4) 0.405
Triglycerides (mmol/L) 12 (LD 18 (13) 0.000
Systolic blood pressure (mmHg) ! 130 (17) 135 (18) 0.000
n=988
Diastolic blood pressure (mmHg) ! 79 ) 79 (10) 0.837
n=986
Number of drinks in last week ' =652 38 (6.2) 3.1 (6.4 0.163
Current smoker 19 (107) 23 (95) 0.077
Diabetes > 50 (29) 75 (3D 0.101
Aspirin use 55 (32) 7.1 (29) 0.328
Lipid-lowering med use > 22 (13) 27 (1) 0.667
Anti-hypertensive med use > 16 (91) 24 (98) 0.001
Education (years) ~ n=982 3.7 (12.1) 33 (11.4) 0.001
Occupatio | Executive, managerial and | 29 (169) 26 (105) 0.308
n level 3 professional
n=887 Technicians 6.2 (36) 39 (16)
Administrative support 11 (61) 9.0 (37
Marketing, sales and 22 (127) 25 (104)
service
Agriculture, forestry, craft, | 24 (139) 23 (93)
repair, labour

' Mean (SD) reported
? Median (IQR) reported
? Percent (Number) reported
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4.2 Analytic Statistics

4.2.1 Overview
For clarity, the results of the analytic statistics will be presented under the

headings of the study objectives. As previously described, these objectives are:

1. To determine:
a) the association between excess body fat and excess abdominal fat, and
incident IHD among men and women;
b) the association between excess body fat and excess abdominal fat, and
inflammatory markers among men and women;
c) the association between inflammatory markers and incident [IHD among men
and women,;
d) how the relationship between excess body fat and excess abdominal fat, and
incident IHD may be mediated by inflammatory markers among men and women.
2. To determine:
a) the association between physical activity and incident IHD among men and
women;
b) the association between physical activity and inflammatory markers among
men and women;
c¢) how the relationship between physical activity and incident IHD may be
mediated by inflammatory markers among men and women.
3. To create a final model describing the relationship between excess body fat and excess
abdominal fat, physical activity, inflammatory markers and development of

incident IHD.

47



As described in the methods section, Cox Proportional Hazards Regression was
used when calculating the results for the objectives. This statistical method provides
relative risks for each variable that are interpreted as the change in outcome risk for each
one-unit change in the independent variable. As presented in Table 11, however, a
variable like the Paffenbarger physical activity score has a range measured in ten
thousands, while a variable like the waist-to-hip ratio has a range measured in tenths or
hundredths. Multiplying or dividing these variables by factors of 10 can provide results
that are more easily interpretable, without affecting their underlying associations with the
outcome variable. For example, it is more practical to express the change in IHD risk for
a 1000 kcal/week increase in activity than for a 1kcal/week increase in activity. This is an
established practice when dealing with variables of this nature (Panagiotakos et al, 2008;
Tseng et al, 2008).

Therefore, based on the ranges displayed in Table 11, three variables were
modified in this way. The ICAM was divided by 10, which changed its range from
1939.87 to 193.99. The waist-to-hip ratio was multiplied by 10, which changed its range
from 0.74 to 74.39. Finally, the Paffenbarger physical activity score was divided by
1000, changing its range from 27080 to 270.80.

Table 11 also displays the normal values for each of the variables listed. These
normal values do not represent the mean of the general population; instead, these are
values reflecting a normal level of cardiovascular risk. For this reason it is possible for
the sample mean to fall outside of the normal value for a given variable.

To account for the fact that elevated CRP levels often occur in the presence of

acute infection, the individuals with CRP levels greater than or equal to 10 mg/L were
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excluded for the following analyses. Among males, this resulted in 39 subjects being
excluded, leaving 435 for the analysis. Among the females, 51 individuals were excluded
due to CRP levels greater than or equal to 10mg/L, leaving 464 for the final analysis.

The correlations between the body fat- and abdominal fat-related variables,
physical activity and inflammatory markers were then examined using Pearson
Correlation Coefficients (Table 12). Results showed that for both males and females, the
waist circumference and hip circumference were each highly correlated with each other
and with BMI (correlation coefficients >0.7; p=0.000). Because of concerns with
including highly correlated variables in multivariate regression models, it was determined
that of the four body fat- and abdominal fat-related variables, BMI and waist-to-hip ratio
would be used in the analysis. These two variables were not as highly correlated with
each other (0.47 for males, 0.25 for females), and according to the literature review they
are the most commonly used and the most likely to be significantly associated with the

IHD outcome.
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Table 11 — Exploration of range, minimum, maximum and mean or median values
for independent variables and potential confounding variables among males and

females (1995 NSHS)

Variable Mean (SD) or

Range (Min — Max)

Values indicating normal

Median (IQR) cardiovascular risk

Age (years) | 62 (12 53 (45-98)
BMI (kg/m2) 2 27 (6.5) 65 (13 -78) 18.5-24.9

(Health Canada, 2003)
Waist 86  (13) 84 (59 -143) M <102
circumference (cm) F <88
! (Health Canada, 2003)
Waist-to-hip ratio! | 0.8 (0.08) 0.7 (0.6 -1.3) M <I1.0

F <0.85

(World Health Organization, 2000)

Paffenbarger score 1400 (2700)

27000 (0.0 —27000)

>1000

(mmol/L)

(kcal/week) 2 (Warburton et al, 2008)
CRP (mg/L)> 22 (3.7 98 (0.08 - 98) <3.0

(Pearson et al, 2003)
ICAM (ng/mL)> | 341 (188) 1940 (2.7 -1940) <270

(Ponthieux et al, 2003)
IL-6 (pg/mL)> 14 (1.5) 290  (0.08 —290) <1.78

(Volpato et al, 2001)
Total cholesterol" 57 (1.1 80 (22-10) <5.2

(Heart & Stroke Foundation, 2003)

LDL (mmol/L)" 35 (0.9

62  (0.5-6.7)

<3.5
(Heart & Stroke Foundation, 2010)

HDL (mmol/L)" 13 (0.4

31 (0.5-3.6)

M>1.0
F>13
(Heart & Stroke Foundation, 2010)

pressure (mmHg)

Triglycerides 1.7 (1.2) 150 (0.4-15.4) <1.7
(mmol/L)2 (Heart & Stroke Foundation, 2010)
Systolic blood 132 (17) 105 (94-199) <140

(Heart & Stroke Foundation, 2003)

Diastolic blood 79  (9)
1
pressure (mmHg)

59 (54-113)

<90
(Heart & Stroke Foundation, 2003)

"'Mean (SD) reported
? Median (IQR) reported
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4.2.2 Results for Objectives

1.a) Relationship between excess body fat and/or excess abdominal fat and IHD

The relationship between excess body fat and/or excess abdominal fat and IHD
was explored using hazards regression. The waist circumference, hip circumference,
waist-to-hip ratio and BMI variables were each entered into a Cox Proportional Hazards
regression model with IHD for men and women separately.

Neither of the fat-related variables was significant for males. The waist-to-hip
ratio variable was the only fat-related variable that was significantly related to the IHD
outcome in females. As seen in Table 13, the relative risk for the waist-to-hip ratio
variable for females was 1.50 [1.19 — 1.89], indicating that an increase in the waist-to-hip
ratio of 0.10 would be associated with a 50% increase in incident IHD risk. None of the
other excess body fat and/or excess abdominal fat variables had associations with the

IHD outcome that were statistically significant at an alpha level of 0.05.

Table 13 — Crude association between measures of body fat and/or abdominal fat
and IHD for males and females using univariate Cox Proportional Hazards
Regression models

Variable RR [95% CI]

Males Females
BMI (kg/m2) 1.03 10.99 — 1.08] 1.01 [0.96 — 1.06]
Waist-to-hip ratio (0.1 unit) | 1.41[0.99 —2.00] 1.50 [1.19 - 1.89]

Because each variable was measured in different units, it was important to

examine each of the variables using standardized Z-scores to allow for greater
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comparability. As displayed in Table 14, when the relative risks of the standardized fat-
related variables were compared, the waist-to-hip ratio variable remained the most
significantly associated with ITHD for the females. For the males, although neither of the
fat-related variables had statistically significant results, the magnitude of the effect

estimate was larger for the waist-to-hip ratio than for the BMI.

Table 14 - Associations between standardized obesity indicators and incident IHD
among males and females using both univariate and multivariate Cox Proportional
Hazards Regression models

Standardized Univariate model Multivariate model
variable RR [95% CI] RR [95% CI]

Males Females Males Females
BMI (kg/m2) 1.18 1.03 1.12 0.96

[0.94 — 1.49] [0.78 — 1.36] | [0.83 — 1.48] [0.73 —1.27]
Waist-to-hip 1.24 1.40 1.19 1.40
ratio (0.1 unit) | 19 99 — 1 56] [1.15-1.69] | [0.92—1.54] | [1.16-1.69]

1.b) Relationship between excess body fat and/or excess abdominal fat and inflammatory
markers

Pearson correlation coefficients were calculated to examine the associations
between each of the body fat and/or abdominal fat-related variables and each of the
inflammatory marker variables. Results, seen in the correlation matrix in Table 12, show
that waist circumference, hip circumference, waist-to-hip ratio and BMI are each
significantly associated with CRP for both males and females. For males, I[CAM was
significantly associated with waist circumference, while for females, [CAM was
significantly associated with waist circumference, hip circumference and BMI. Although

the strengths of the correlations are not high, they are all in a positive direction,
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suggesting that increased values of the fat-related variables are associated with increased
values of the inflammatory markers Among the males and females in this sample, none
of the body fat and/or abdominal fat-related indicators was significantly associated with

IL-6.

1.c) Relationship between inflammation and IHD

Initially, to examine the relationship between inflammatory markers and IHD,
each inflammatory marker was tested with the IHD outcome in a univariate hazards
regression model. As seen in Table 15, none of the inflammatory markers was
statistically significantly associated with the outcome for the males, and among the
females both ICAM and CRP showed statistically significant results, with relative risks

of 1.02 [95% CI 1.01 — 1.03] and 1.13 [1.02 — 1.24], respectively.

Table 15 — Crude associations between inflammatory markers and incident IHD
outcomes among males and females using univariate Cox Proportional Hazards
Regression models

Variable Crude Association

RR [95% CI1]

Males Females
CRP (mg/L) 1.06 [0.96 — 1.16] 1.13[1.02 — 1.24]
IL-6 (pg/mL) 1.00 [0.97 —1.03] 1.00 [0.96 — 1.03]
ICAM (10 ng/mL) 1.01 [0.99 — 1.02] 1.021.01 — 1.03]

Each inflammatory marker was again standardized to Z-scores and was tested
independently with IHD using univariate hazards regression (Table 16). Although none

of the results for males were statistically significant at an alpha level of 0.05, the CRP
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appeared to be the inflammatory marker with the strongest association with the IHD

outcome.

Table 16 — Associations between standardized inflammatory markers and incident

IHD among males and females using both univariate and multivariate Cox
Proportional Hazards Regression models

Standardized | Univariate model Multivariate model
Variable RR [95% CI] RR [95% CI]

Males Females Males Females
CRP (mg/L) 1.46 2.19 1.47 2.10

[0.76 —2.82] [1.16 —4.14] [0.74 —2.90] [1.09 —4.05]
IL-6 (pg/mL) | 0.99 0.93 0.96 0.88

[0.74 — 1.32] [0.55-1.57] [0.68 —1.37] [0.37 —2.10]
ICAM 1.12 1.44 1.12 1.42
(10 ng/mL) [0.90 — 1.40] [1.16 — 1.79] [0.88 — 1.38] [1.14 - 1.77]

Among females, after standardization both ICAM and CRP remained significantly
associated with IHD in the univariate models, with relative risks of 1.44 [1.16 — 1.79] and
2.19 [1.16 — 4.14], respectively. When all the standardized variables were combined in a
multivariate hazards regression model with IHD, the relative risks for each of the
variables were slightly decreased. Intercellular Adhesion Molecule, with a relative risk
of 1.42 [1.14 — 1.77], and CRP, with a relative risk of 2.10 [1.09 — 4.05], both remained
significant. Examination of the magnitudes of these relative risks suggest that CRP is the

inflammatory marker most significantly associated with IHD for the females.

1. d) How the relationship between excess body fat and excess abdominal fat and IHD

may be mediated by inflammatory markers
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To determine the relationship between excess body fat and/or excess abdominal
fat, inflammatory markers and IHD, a Cox Proportional Hazards Regression model was
created. The first block of the model contained the waist-to-hip ratio, which, according
to the previous analyses, was the abdominal fat-related variable most strongly associated
with IHD for both males and females. The second block contained CRP, which had also
been determined in previous analyses to be the inflammatory markers most strongly
associated with THD for both males and females. Results are displayed in Table 17.
Among males, neither of these variables reached statistical significance and therefore
were not incorporated into the final model.

Table 17 — Multivariate Cox Proportional Hazards Regression model including

body fat- and/or abdominal fat-related variables, inflammatory markers and IHD
development for males and females

Variable RR [95% CI]

Males Females
Waist-to-hip ratio (0.1 1.36 [0.93 — 1.98] 1.48 [1.15-1.90]
unit)
CRP (mg/L) 1.03[0.93 —1.14] 1.11 [1.00 — 1.22]

Results for females are also displayed in Table 17. Waist-to-hip ratio, with a
relative risk of 1.48 [1.15 — 1.90] was found to be significantly associated with
development of IHD. This relative risk is slightly decreased from the 1.50 [1.19 — 1.89]
that was found when waist-to-hip ratio was the only variable in the hazards regression
model. The multivariate association between CRP and IHD (1.11 [1.00 — 1.22]) was also

slightly decreased from its univariate association with IHD (1.13 [1.02 — 1.24]).

2.a) The relationship between physical activity and IHD
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In the next series of analyses, the relationship between physical activity and [HD
was explored using hazards regression. The sole measure of physical activity was the
Paffenbarger Score. The borderline statistically significant relative risk of 0.92 [0.85 —
1.00], seen in Table 18, suggests that increased amounts of physical activity were
associated with decreased risks of IHD in this sample of males. A similar, although not
statistically significant, protective association was seen for females.

Table 18— Association between physical activity as measured by Paffenbarger score

and IHD development for males and females using univariate Cox Proportional
Hazards Regression models

Variable RR [95% CI]

Males Females
Paffenbarger score 0.92 [0.85—-1.00] 0.90[0.78 — 1.03]
(1000 kcal/week)

2.b) The relationship between physical activity and inflammatory markers

Pearson correlation coefficients were used to determine the association between
physical activity and each of the inflammatory markers. As seen in the correlation matrix
in Table 12, CRP was the only inflammatory marker that showed a statistically
significant association with physical activity for both males and females. The negative
values of the correlation coefficients indicate that increased amounts of physical activity

are associated with decreased levels of serum CRP.
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2.c) How the relationship between physical activity and IHD may be mediated by

inflammatory markers

To explore the relationship between physical activity, inflammatory markers and
IHD, Cox Proportional Hazards Regression was used. The first block contained
physical activity, and the second block contained CRP. As displayed in Table 19, the
only variable that retained borderline statistical significance in the final model for males
was physical activity. It was in the protective direction. The results for CRP were not

statistically significant and therefore were not incorporated into the model.

Table 19 — Cox Proportional Hazards Regression model including physical activity,
inflammatory markers and IHD development among males and females

Variable RR [95% CI]

Males Females
Paffenbarger score 0.92 [0.85—-1.00] 0.91 [0.80 —1.04]
(1000 kcal/week)
CRP (mg/L) 1.04[0.94 — 1.14] 1.13[1.02 — 1.24]

Also seen in Table 19, the results for females show that physical activity was not

statistically significant in the final model, while CRP did remain statistically significant. .

3. Final model describing the relationship between excess body fat and excess

abdominal fat, physical activity, inflammatory markers and development of

incident IHD

The final series of analyses explored the multivariate associations between excess
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body fat and/or excess abdominal fat, physical activity and inflammation with respect to
IHD risk in a Cox Proportional Hazards Regression model. Waist-to-hip ratio was shown
in previous analyses to be the body fat-related variable most significantly associated with
IHD for both males and females, and similarly, CRP was the inflammatory marker most

significantly associated with IHD for males and females.

Table 20 — Cox Proportional Hazards Regression model incorporating waist-to-hip
ratio, physical activity and inflammatory markers among males and females

Category Variable RR [95% CI]
Males Females

Obesity Waist-to-hip ratio | 1.31 [0.90 — 1.91] 1.45[1.12 — 1.86]
indicator (0.1 unit)
Physical Activity | Paffenbarger score | 0.93 [0.86 — 1.00] 0.9310.82 —1.06]

(1000 kcal/week)
Inflammatory CRP (mg/L) 1.020.92 - 1.12] 1.10 [1.00 — 1.21]
marker

Among the males, only the Paffenbarger score was borderline statistically
significantly associated with IHD in this multivariate model (Table 20). Among females,
the Paffenbarger score was not statistically significant, but both the waist-to-hip ratio and
CRP significantly contributed to the model. The relative risk of 1.45 [1.12 — 1.86] for the
waist-to-hip ratio indicates that an increase of 0.10 in the waist-to-hip ratio would be
associated with an increased IHD risk of approximately 45%. Similarly, the relative risk
of 1.10 [1.00 — 1.21] for CRP suggests that an increase of 1.0 mg/L would be associated
with an increased IHD risk of approximately 10%. Although the physical activity
variable did not have a statistically significant association with IHD in this model, the

effect estimate was in the protective direction.
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4.2.3 Supplementary Analysis — Independent IHD Risk Factors

Although there are additional covariates that have well-established associations
with THD development, the objectives for this study focused on the specific risk factors
of obesity, physical activity and inflammatory markers. Additional covariates, including
blood pressure, cholesterol, age, family history, medication use, smoking, diabetes and
alcohol, are traditionally included in regression models for IHD. Therefore, although it
did not provide additional information regarding the objectives of this study, a
supplementary multivariate regression model that included additional covariates was
created.

This supplementary model was created in an identical manner to the model
displayed in Table 20, with the addition of a fourth block containing the following
covariates: mother’s history of heart disease prior to age 60, father’s history of heart
disease prior to age 60, cholesterol, LDL, HDL, triglycerides, diastolic blood pressure,
systolic blood pressure, age, years of education, use of aspirin, use of lipid-lowering
medication, use of anti-HTN medication, regular cigarette smoking and diabetes. Those
variables that were categorical were specified as such. The Forward Stepwise Likelihood
Ratio was used for this block of variables; only those that showed statistical significance
were included in the model.

Results for the males, displayed in Table 21, showed that for males neither waist-
to-hip ratio nor CRP contributed significantly to the model, while the Paffenbarger score

was statistically significant with a relative risk of 0.91 [0.83 — 1.00]. This indicates that a
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1000kcal/week increase in physical activity would be associated with a 9% decrease in
IHD risk. Two additional covariates, systolic blood pressure and diastolic blood pressure
were also significant at an alpha level of 0.05, with relative risks of 1.04 [1.02 — 1.05] and
0.96 [0.94 — 0.99], respectively. The relative risk for systolic blood pressure indicates
that a one mmHg increase would be associated with a 4% increase in IHD risk, while the
results for diastolic blood pressure suggest that a one mmHg increase would be
associated with a 4% decrease in IHD risk.

Also seen in Table 21, when the potential additional covariates were included in
the model for females, the waist-to-hip ratio remained significantly associated with the
IHD outcome. The physical activity variable remained non-significant. The relative risk
for CRP also remained statistically significant. The only additional covariate that was

included in the model was age, with a relative risk of 1.04 [1.02 — 1.07].

Table 21 — Cox Proportional Hazards Regression model including waist-to-hip ratio,
physical activity, inflammatory markers and additional covariates among males and
females

Category Variable RR [95% CI]
Males Females

Obesity Waist-to-hip ratio | 1.28 [0.85 — 1.87] 1.23[0.92 - 1.63]
indicator (0.1 unit)
Physical Paffenbarger score | 0.91 [0.83 — 1.00] 0.99[0.88 —1.12]
Activity (1000 kcal/week)
Inflammatory | CRP (mg/dL) 0.98 [0.89 — 1.10] 1.13[1.02 - 1.26]
marker
Additional Age 1.04 [1.02 — 1.07]
Covariates

Systolic blood 1.04[1.02 — 1.05]

pressure

Diastolic blood 0.96 [0.94 — 0.99]

pressure
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4.2.4 Supplementary analysis - Population Attributable Risk %

Calculation of the Population Attributable Risk % can be an important tool to
assess the public health significance of key risk factors in the population. For each key
risk factor in the study that had at least a borderline statistically significant relative risk in
univariate analyses with IHD, this was done by subtracting the proportion of unexposed
individuals who developed IHD from the total proportion of individuals who developed
IHD, and then dividing by the total proportion of individuals who developed IHD. This
number was then multiplied by 100 to obtain the Population Attributable Risk %
(Oleckno, 2002). It is important to note, however, that when using this formula the
assumption is made that each risk factor has a causal relationship with the outcome.

By examining the rates of incident [HD events for both normal (<3.0mg/dL) and
high (>3.0mg/dL, excluding those >10mg/dL) levels of CRP (Pearson et al, 2003), the
Population Attributable Risk % for high CRP was determined. As with other analyses of
inflammatory markers in this study, results differed greatly between males and females
(Table 22). For females, results suggested that if everyone could lower their CRP level to
3.0 mg/dL or less, approximately 20% of incident IHD events could be eliminated. For
males, the same analysis found that normalizing high CRP rates would only eliminate
3.0% of incident IHD events.

Higher magnitudes of Population Attributable Risk % for females compared to
males were also seen when examining the obesity-IHD relationship and the physical
activity-IHD relationship. Using the World Health Organization (2000) waist-to-hip ratio

cut-off point of 0.85 for females, the Population Attributable Risk % of IHD due to
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Table 22 — Estimation of the Population Attributable Risk % in development of IHD
for risk factors with statistically significant relative risks

Variable Cut-off point for Incidence Incidence rate | PAR%
exposure rate in in unexposed
population | group
Waist-to-hip | >0.85 Females | 58 /463 22/218 19%
ratio (World Health
Organization, 2000)
Paffenbarger | <1000 kcal/week Males 74 /435 43 /288 12%
score (Warburton et al, 2008)
CRP >3.0 mg/L Males 74 /435 49 /297 3.0%
(Pearson et al, 2003)
>3.0 mg/L Females | 58 /464 30/298 20%

(Pearson et al, 2003)

abdominal obesity was 19% for females. Due to lack of a statistically significant relative

risk of IHD due to abdominal obesity for males, the Population Attributable Risk % for

abdominal obesity in males could not be estimated. Similarly, because there was no

significant relationship between physical activity and IHD for females, the Population

Attributable Risk % for physical activity in females was not calculated, although it was

determined that if all males expended at least 1000 kcal per week in leisure-time physical

activity (Haennel & Lemire, 2002), approximately 12% of IHD in males could be

eliminated.
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Chapter 5

Discussion

5.1 Summary of study findings

This project examined the associations between several measures of body fat and
abdominal fat, physical activity and inflammatory markers, and explored their
associations with the development of IHD over a ten-year period. Based on our
objectives, a number of key findings were noted and summarized here.

We found that waist-to-hip ratio was the fat-related variable with the strongest
and most consistent relationship with IHD for women in univariate analyses. The same
appeared true for males, although the results were not statistically significant. Of the
inflammatory markers, CRP was the variable that demonstrated the strongest positive
association with IHD in univariate analyses for men and women. Not surprisingly, waist-
to-hip ratio was highly and significantly correlated with the other body fat and abdominal
fat measures. However, body fat and abdominal fat-related variables showed much lower
(but statistically significant) correlations with the inflammatory markers. When
examined together in a multivariate model, waist-to-hip ratio and CRP were
independently associated with IHD for women.

When we examined the univariate association between physical activity and IHD,
a borderline statistically significant protective relationship was found for the males. Of
the inflammatory markers, there was a small but statistically significant inverse
correlation between physical activity and CRP for males and females. When examined

together in a multivariate model, the relationship between physical activity and IHD for
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the males did not change, remaining protective and borderline statistically significant.
The CRP remained statistically significant in the model for women, but not for men.

In the final set of models, which included measures of abdominal fat, physical
activity and inflammatory markers in the same model, all of the variables were in the
expected direction. For men, however, physical activity was the only variable associated
with IHD, though it was of borderline statistical significance. For women, waist-to-hip
ratio and CRP were statistically significant and independently associated with IHD.
Inflammation did not operate as a mediator in these associations in that there was no

evidence to indicate that inflammation was in the pathway.

5.2 Discussion of Study Findings

There was clear evidence of a relationship between obesity and IHD for females,
when using the waist-to-hip ratio as the obesity indicator. When using BMI as the
obesity indicator, there were no statistically significant results detected. The analyses
using the standardized Z-scores suggested that the waist-to-hip ratio was more important
than BMI for males as well, but the associations were not statistically significant. The
relative importance of the waist-to-hip ratio among both males and females points to the
role of fat storage location in predicting cardiovascular risk, and suggests that an increase
in fat storage around the abdominal region relative to the hip region is associated with an
increased risk of IHD. The lack of significance of BMI as a predictor of IHD reinforces
the idea that overall fat may not be as important for heart health as fat distribution. Other
studies have reached similar conclusions (Welborn et al, 2003; Yusuf et al, 2005; Price et

al, 2006; Winter et al, 2008; Sehested et al, 2010).
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As predicted, and supported by the literature, the relationship between physical
activity and THD was in the protective direction, although the results were statistically
significant for males only. Therefore, this study provided some evidence that an increase
in the Paffenbarger score was associated with a decrease in [HD risk. Limitations
associated with the use of self-report to measure physical activity may have diluted the
true physical activity-IHD relationship. A recent systematic review examining the
relationship between self-reported and directly measured physical activity found the
correlations ranged from -0.71 to 0.96 (Prince et al, 2008). The authors concluded that
although the self-reported and directly measured physical activity differed, there was no
clear pattern that would allow researchers to correct for self-report bias (Prince et al,
2008).

The median Paffenbarger score of 1400 kcal/week among the individuals in this
study is relatively high, and is above the suggested 1000kcal/week threshold that may be
needed to provide protection against cardiovascular risk (Haennel & Lemire, 2002). In
an average individual, approximately 1400 kilocalories per week could be expended by
walking 175 city blocks, or approximately 23 kilometers. With a walking speed of 6
kilometers per hour, this expenditure of 1400 kcal per week translates into approximately
four hours per week of walking, or 240 minutes.

Using the suggested threshold of 1000 kcal/week to classify individuals into
physically active and inactive results in approximately 58% of the sample being classified
as active and 32% being classified as inactive. In the larger sample from the 1995 Nova
Scotia Health Survey, 39% of the individuals were classified as inactive based on their

denying participation in any leisure time physical activity. Other sources have estimated
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that in 1995, 55% of Canadian adults were physically inactive (Statistics Canada, 2011).
This indicates that either the subsample in this study is much more active than the
average Canadian, or that the physical activity measurements in our study may be falsely
inflated, which may also help to explain the lack of statistically significant associations
that were detected with this variable.

There was evidence of correlations between inflammation and obesity, and
inflammation and physical activity. Both CRP and ICAM were associated with BMI and
waist-to-hip ratio for both males and females, and ICAM was also associated with BMI
and waist-to-hip ratio for females. C-Reactive Protein was also negatively associated
with physical activity for males and females. C-Reactive Protein was the most important
inflammatory marker for both males and females, although ICAM also showed some
statistically significant results for the females.

While these sex-specific results for the inflammatory markers were unexpected,
there has been research into the sex differences in CVD development and cardiovascular
risk factors (Perez-Lopez et al, 2010). Previous research has shown that levels of [CAM
differ by sex and age (Ponthieux et al, 2003), and may be related to concentrations of
steroid hormones such as estrogen (Koh et al, 2001). A recent review of the related
literature concluded that sex hormones including estradiol and androgens were important
factors behind both the differences between males and females and the differences
between pre- and post-menopausal females in rates of CVD and CVD risk factors (Perez-
Lopez et al, 2010). This reinforces the importance of stratifying by sex when researching
these topics. It also supports the importance of developing sex-specific clinical

guidelines or cut-off points, as has been done for measurements like the waist-to-hip
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ratio.

Examination of the relationships between the waist-to-hip ratio, CRP and IHD
among females indicate that inflammatory markers do not appear to be a mediating factor
in the relationship between body fat-related and abdominal fat-related variables and IHD.
The relative risks for waist-to-hip ratio and CRP decreased minimally between their
respective univariate models with IHD and their multivariate models with THD but each
remained significantly associated with IHD.

There was a borderline statistically significant univariate association between
physical activity and IHD among the males, and there was also a statistically significant
correlation between physical activity and CRP for the males. When CRP and physical
activity were combined in a multivariate model with [HD, the relative risk of IHD due to
physical activity remained unchanged, suggesting that CRP was not acting as a mediator.

The final model containing obesity, physical activity and inflammatory markers
was intended to provide information about the relative importance of obesity and physical
activity in the development of IHD. For the females, when the waist-to-hip ratio,
physical activity and CRP were combined in a multivariate model, waist-to-hip ratio and
CRP remained statistically significant. Similarly, in this model for males, physical
activity remained borderline statistically significant. It is possible that the non-significant
relationships seen (between physical activity and IHD for women, and obesity and IHD
for men) may be an issue of sample size. Conversely, it may be that obesity is truly the
risk factor driving the development of IHD for females, and physical activity is truly the
key risk factor for males.

Markers of inflammation are present throughout atherogenesis, from initiation of
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the fatty streak to growth of the atherosclerotic lesion, disruption of the lesion’s cap, and
finally rupture of the lesion (Pearson et al, 2003). There has been debate, however, about
whether the inflammatory markers are truly risk factors (present in the causal pathway) or
are risk markers (created as part of the disease process) (Pearson et al, 2003).

If inflammation is an independent risk factor for IHD, the question of its clinical
usefulness naturally follows. Current recommendations issued by the Centers for Disease
Control and the American Heart Association suggest that measurement of inflammatory
markers as a screening tool at the population level should not be used in standard
practice. They cite a lack of standardization, inconsistent conclusions in epidemiological
studies, and insufficient evidence that this practice would be a significant improvement
over current cardiovascular risk assessment methods (Pearson et al, 2003). However, the
authors go on to say that measurement may be useful in specific clinical situations to
provide more information about an individual’s cardiovascular risk and to aid in decision-
making regarding lifestyle or drug therapy (Pearson et al, 2003). They state that CRP is
the marker of choice, and should always be used in combination with assessment of
established risk factors, never as an alternative to them. This is reflected in the results of
the current study, as CRP was the inflammatory marker most predictive of cardiovascular
risk among males, and was also significant in females once those with extreme CRP
levels were removed from the analysis.

The Canadian Cardiovascular Society reiterates the AHA guidelines in their 2009
publication Canadian Guidelines for the Diagnosis and Treatment of Dyslipidemia and
Prevention of Cardiovascular Disease in the Adult (Genest et al, 2009). They

recommend that inflammatory markers, and CRP specifically, should only be measured
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in men over 50 and women over 60 who would be considered intermediate risk according
to their Framingham Risk Score. The paper emphasizes that individuals of intermediate
risk should be targeted because the measurement of CRP is only useful if its results will
impact treatment decisions, and individuals with scores in the high-risk range would
already qualify for treatment on this basis alone.

To provide information about the relative importance of obesity, physical activity
and inflammation in IHD risk at the population level, the Population Attributable Risk
was calculated. The results indicate that modifying any one of these variables at the
population level could have an impact on the rates of IHD in Canada. Current
recommendations presented in Canada’s Guide to Physical Activity (Health Canada,
1998) state that adults should participate in at least 60 minutes of light activity each day,
30-60 minutes of moderate activity at least four times per week, or 20-30 minutes of
vigorous activity at least four times per week. A recent press release from the Public
Health Agency of Canada, however, has indicated that these guidelines will be revised in
early 2011 to state that adults should be physically active for 150 minutes per week
(Canadian Broadcasting Corporation, 2011). This would represent both a simplification
and lowering of the guidelines. According to physical activity expert Mark Tremblay,
the reasoning behind this change is that if the guidelines appear more achievable, then
more members of the largely sedentary Canadian population will feel motivated to
exercise (Canadian Broadcasting Corporation, 2011). Whether it is the Physical Activity
Guidelines or an alternate public health message that finally causes a shift in the
behaviour of Canadians, it is clear that something must change.

In conclusion, the results of this study suggest that obesity and inflammatory
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markers each factor independently in the development of IHD for women, and it does not
appear that inflammatory markers are mediators in the obesity-IHD relationship. For

men, physical activity may be more important in the development of IHD.
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5.3. Limitations, Strengths and Significance

5.3.1 Limitations

The main limiting factor in this study was sample size. After stratifying the
sample by sex, the remaining numbers available for analysis were greatly reduced.
Power calculations using the final data showed that for males, the available power was
approximately 24%, while for females the available power was 37%. Although it is
possible that additional conclusions could have been made with a larger sample size, the
sample was still sufficient to detect several statistically significant associations. The
associations that were found remain valid, however, due to low power, the lack of
associations found remain inconclusive using this data.

Another limitation in this study is the measurement of body weight, physical
activity level and inflammation at a single point in time. An assumption is made that
these measurements continue to reflect an individual's situation, but it would be possible
for them to change significantly. The fact that we measured only incident IHD, however,
helps to mitigate this risk as individuals may be more likely to make significant changes
to their lifestyle after experiencing major health events like acute myocardial infarction.
Moreover, there is likely a lag time between exposures and the development of
cardiovascular outcomes that would not be accounted for if ongoing measurements taken
during follow-up were used.

As mentioned previously, there may be problems associated with the use of self-
report in the measurement of physical activity. Not only is there the potential for
individuals to misreport frequency or duration of physical activity, there is also the

potential for great subjective difference in what individuals classify as light, moderate or
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strenuous activity. If, as suggested by Prince et al (2008), there is no clear pattern to the
measurement differences, then the true relationship between physical activity and
inflammatory markers and physical activity and IHD has likely been diluted in this study.
Additionally, the physical activity questions focused largely on leisure-time
physical activity, while some research has found that this makes up a relatively small
proportion of individuals’ total physical activity expenditure (Levine et al, 2007).
Including data on physical activity during work, transportation and household chores
would have allowed us to make a more accurate assessment of the relationship between
physical activity and IHD. Conversely, if it is sedentariness that is more important than
activity in determining the relationship with IHD, a measurement addressing inactivity

would have been useful.

5.3.2 Strengths

This study has several strengths. The longitudinal design with a 10-year follow-
up period helps strengthen the confidence in those relationships that were detected; very
few studies have access to robust follow-up data such as this. Many other studies
examining these topics use a cross-sectional design, which introduces concerns in
determining cause-and-effect. The 1995 Nova Scotia Health Survey provided in-depth
health and lifestyle data for a large and representative sample of males and females.
There was a low loss-to-follow up rate, and the detailed information allowed for
exploration of many additional covariates, several of which were associated with the
outcome. Physical measurements, such as serum cholesterol, blood pressure, height,

weight, waist and hip circumference and inflammatory markers, were collected by
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specially trained research nurses, allowing for increased accuracy of the measurements.
Outcome data for this project was based on the objective endpoints of IHD-related
hospitalizations and deaths. Compared to the American context, the organization of the
Canadian healthcare system allows for accurate follow-up with subjects because citizens
access the vast majority of acute care through provincially funded insurance. Although
there may have been individuals in this sample who were not hospitalized for [HD during
the follow-up but who did visit a primary care physician or emergency department for
angina, these cases would likely have been significantly milder than those who were
hospitalized or died from IHD. Therefore the potential exclusion of these mild IHD cases

likely resulted in a more homogenous sample of outcome cases.

5.3.3 Significance

Obesity and participation in physical activity are already frequently targeted in
clinical practice and public health messages. Other factors, such as serum cholesterol and
triglycerides, are also regularly used by healthcare providers to assess cardiovascular risk.
Current Canadian guidelines recommend measurement of CRP only in a specific subset
of the population: males over 50 years and females over 60 years who have an
intermediate cardiovascular risk according to their Framingham Risk Score (Genest et al,
2009). Future research into ethnic variation, differences between the values of males and
females and the potential usefulness of other inflammatory biomarkers such as [CAM
will provide additional information about their usefulness, and could result in
modification of these guidelines.

If further research continues to support an independent relationship between

74



inflammation and IHD or CVD, measurement of inflammatory biomarkers in the clinical
setting will provide additional information about individuals' cardiovascular risk, and in

this way may help to prevent incident cardiovascular events from occurring.

5.3.4 Future Directions

The relationships between physical activity, obesity, inflammation and IHD are
worthy of further investigation. Ideally, future studies would have access to more robust
measures of physical activity and measures of body fat. Use of accelerometers as
opposed to relying on self-report could provide actual data about duration and intensity of
participants’ movement, and would also provide information about the amount of time
the participants are completely sedentary. Alternatively, physical fitness could be
assessed using measures of oxygen consumption. The limitations of BMI could be
overcome by using a direct measure of overall body fat, such as measurement of body fat
percentage. Future studies using measurements like these would allow for more precise

assessments of the associations between these important factors.
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5.4 Conclusions

The World Health Organization estimated that in 2005, 1.6 billion people
worldwide were overweight or obese, and forecasted that by 2015 this number would rise
to approximately 2.3 billion (World Health Organization, 2010). Public health experts
now consider the rise of obesity in Canada and around the world to be an epidemic
(Finegood, 2009).

The current rate of overweight and obesity in Nova Scotia is particularly high, at
63% (Statistics Canada, 2010). Given the strong relationship between excess body
weight and CVD, there are important health implications of this epidemic. If future
research on inflammation continues to suggest that it is an independent risk factor for
CVD, measurement of inflammatory markers in the clinical setting could be an important
tool to identify those at risk of developing the disease. When taking into consideration
issues of health care funding and resource allocation, the topic of cardiovascular risk
factors is clearly an issue of importance for all members of society.

This project found evidence of relationships between abdominal obesity and IHD
for women and physical inactivity and IHD for men. Inflammatory markers were also
independently associated with obesity, physical activity and IHD, but there was no
evidence that inflammation played a mediating role in the obesity-IHD relationship or
physical activity-IHD relationship. Measurement of inflammatory markers has the
potential to become a simple and objective tool that health care professionals could use to
provide additional information about cardiovascular risk. Because health outcomes data
continues to be collected for this cohort, future studies on the topic of obesity, physical

activity, inflammation and IHD should be considered, as incorporating a longer follow-up
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period into the analysis could potentially increase the power available to explore these

important and complex relationships.
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